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Los  Ange le s  Ti s sue
Eng inee r i ng  I n i t i a t i ve

 We l come  Le t te r

December  4 ,  2004
8 :00   -  4 :00

Dear  Co l l eagues  and  F r i ends :

I t  i s  ou r  p l ea su re  t o  we l come  you  t o  t he  Se cond  Annua l  Mee t i ng

o f  t h e  Lo s  A n g e l e s  T i s s u e  E n g i n e e r i n g  I n i t i a t i v e  ( L AT E I ) ,  h e l d

Decembe r  4 ,  2004 ,  on  t h e  CLU  campus .  The  goa l  o f  LATE I  i s  t o

p r o v i d e  a n  i n t e r d i s c i p l i n a r y  s c i e n t i f i c  v e n u e  f o r  s t u d e n t s  a n d

i n v e s t i g a t o r s  i n  t h e  g r e a t e r  L o s  A n g e l e s  r e g i o n  t o  m e e t  a n d

e x c h a n g e  k n o w l e d g e  i n  t i s s u e  e n g i n e e r i n g  a n d  r e l a t e d  f i e l d s .

LATE I  i s  open  t o  a l l  i n t e r e s t ed  i nd i v i dua l s ,  w i t h  an  emphas i s  o f

p rov id ing  g radua te  and  undergradua te  s tuden t s  the  oppor tun i t y

to part ic ipate in technical  discuss ions wi th academic and industr ia l

s c i en t i s t s  and  i n ve s t i ga to r s .  A  spec i f i c  goa l  o f  LATE I  i s  t o  f o s t e r

new interact ions between invest igators f rom tradi t ional ly  disparate

s c i en t i f i c  d i s c i p l i ne s .

T h e  f a l l  L AT E I  A n n u a l  M e e t i n g  i s  h e l d  i n  p a r t n e r s h i p  w i t h  t h e

s p r i n g  Lo s  A n g e l e s  Wo u n d  H e a l i n g  M e e t i n g  a t  U S C .  T h e s e  Lo s

Angeles-based meet ings fur ther  complement  the Cal i forn ia T issue

E n g i n e e r i n g  M e e t i n g s ,  t h e  m o s t  r e c e n t  o f  w h i c h  w a s  h e l d  a t

S t a n f o r d  U n i v e r s i t y,  i n  O c t o b e r,  2 0 0 4 .  W i t h  y o u r  i n v o l v e m e n t ,

w e  w i l l  c o n t i n u e  t o  d e v e l o p  t h e s e  o p p o r t u n i t i e s  f o r  i n c r e a s e d

commun ica t ion  and  co l labora t ion  be tween  s tuden t s ,  facu l t y  and

r e s e a r c h e r s .

T h e  S e c o n d  A n n u a l  M e e t i n g  o f  L AT E I  c o n s i s t s  o f  f o u r  t e c h n i c a l

sessions: the first on Soft Tissue Repair; the second on Cardiovascular

Tissue Engineering, the third on Bone and Cartilage Tissue Engineering

a n d  t h e  f o u r t h  o n  S t e m  C e l l  T i s s u e  E n g i n e e r i n g .  E a c h  s e s s i o n

w i l l  i n c l u d e  o p p o r t u n i t i e s  f o r  q u e s t i o n s  i n  a d d i t i o n  t o  a m p l e

t ime outs ide the sess ions for  informal discuss ions and interact ions.

A l l  p a r t i c i p a n t  m e e t i n g  c o s t s  a r e  c o v e r e d  b y  C L U ’ s  p r o g r a m  i n

B ioeng ineer ing  and by  generous  suppor t  f rom Bax te r  B ioSc ience .

Thank  you  fo r  jo in ing  us  a t  th i s  even t  and we are  look ing  fo rward

to  a  p roduc t i v e  mee t i ng !

LATE I  Organ i z i ng  Commi t t ee

Adv i s o r y  Commi t tee
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8 : 0 0  -  8 : 3 0 Reg i s t ra t ion  and  Con t inen ta l  B reak fas t

8 : 3 0  -  8 : 4 0 We l come  &  Open ing  Remark s :  M i ke  Shaw ,  D i r e c t o r,  B i oeng inee r i ng,  CLU

Pod ium  Se s s i on  1 :  So f t  T i s sue  Repa i r.
Mode ra to r s :  Ta i - Lan  Tuan ,  ,  ,  ,  ,  Ch i l d r en’ s  Hosp i t a l  &      M i ke  Shaw ,  CLU

8 : 4 0  -  9 : 0 0 C l i n i ca l  Co rne r :
App l i ca t i on s  o f  P l a s t i c  Su rge r y  t o  T i s sue  Eng inee r i ng .
Kou r i s  A za r,  Lo s  Rob l e s  Med i ca l  Cen t e r

9 : 0 0  -  9 : 2 0 LATE I  Team-1 :
The  Mechan i ca l  Cha rac t e r i s t i c s  o f  F i b r i n  –  F i b rob la s t  and  F i b r i n -Co l l agen
Cons t ruc t s .
Cesar C o s t a l e s ,  LATE I  Team -  1 : CLU,  USC ,  UCLA ,  Bax t e r  B i oSc i ence

9 : 2 0  -  9 : 4 0 Ce l l  The rapy  Co rne r :
The  App l i ca t i on  o f  Amn io t i c  F l u i d  S t em Ce l l s  f o r  Rena l  T i s sue  Regene ra t i on .
Roge r  De  F i l i ppo ,  Ch i ld ren’ s  Hosp i t a l

9 : 4 0  -  1 0 : 0 0 Indus t r y  Co rne r :
Deve lopmen t  o f  a  Nove l  Compos i t e  Sk i n  Subs t i t u t e  f o r  C l i n i ca l  and  Re sea r ch
App l i ca t ion .
Hab ib  To r f i ,  I nV i t r x

1 0 : 0 0  -  1 0 : 3 0 Co f f e e  B r eak

Pod ium  Se s s i on  I I :  C a rd i ova s cu l a r  Ti s sue  Eng i nee r i n g .
Mode ra to r s :  Denn i s  Re v i e ,  CLU,  B i l l  Taw i l ,  Ba x t e r  B i oS c i en ce

1 0 : 3 0  -  1 0 : 5 0 Nove l  Techno logy  Co rne r :
MEMS  &  Nano  Sen so r s  t o  P r ed i c t  Ca rd io va s cu la r  E ven t s .
T.  K .  Hs ia i ,  USC

1 0 : 5 0  -  1 1 : 1 0 S tuden t  Co rne r :
Oxygen  D i f f u s i on  i n  Eng inee red  Hea r t  T i s s ue
Dav id  A .  B rown ,  UCLA

1 1 : 1 0  –  1 1 : 3 0 In  S i t u  Ca rd ia c  T i s s ue  Eng inee r i ng  f o r  Myoca rd ia l  Repa i r.
R a n d y  L e e ,  UCSF

1 1 : 3 0  -  1 : 0 0 Lunch  ( p rov ided ) :  Ove r t on  Ha l l

1 1 : 3 0  -  1 : 0 0 LATE I  Commi t t ee  Mee t i ng

Los  Ange le s  Ti s sue
Eng inee r i ng  I n i t i a t i ve

 Prog ram  Schedu le
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Pod ium  Se s s i on  I I :  C a rd i ova s cu l a r  Ti s sue  Eng i nee r i n g
C o n t i n u e d .
Mode ra to r s :  Denn i s  Re v i e ,  CLU,  B i l l  Taw i l ,  Ba x t e r  B i oS c i en ce

1 : 0 0  -  1 : 2 0 PPPPP rog re s s  i n  Deve l op i ng  a Compos i t e ,  T i s s ue -Eng inee red  Ao r t i c  Va l v e .
I van  Vese l y ,  Ch i ld ren’ s  Hosp i ta l

1 : 2 0  -  1 : 4 0 Indus t r y  Co rne r :
Shee t - Ba sed  T i s s ue  Eng inee r i ng .
Nico l a s  L’Heu r eu x ,  Cy tog ra f t

1 : 4 0  -  2 : 0 0 Co f f e e  B r eak

Pod ium  Se s s i on  I I I :  Bone  &  Ca r t i l a ge  Ti s sue  Eng i nee r i n g .
Modera to r :  Geof f  Doughe r t y ,  CSUCI

2 : 0 0  -  2 : 2 0 S tuden t  Co rne r :
The  Ro l e  o f  Ne l l - 1  i n  Bone  Fo rma t i on ,  Fu s i on ,  and  Regene ra t i on .
Ka t i e  Cowan ,  UCLA

2 : 2 0  –  2 : 4 0 Mechan i c s  o f  B io log i ca l  and  Hyb r id  Ma te r i a l  S y s t ems .
S r idha r  Narayanaswamy,  Rockwe l l  S c i en t i f i c  Company

Pod ium  Se s s i on  I V:  S t em  Ce l l  T i s sue  Eng i nee r i n g .
Modera to r :  Dan  Fa r kas ,  Ceda r s - S i na i  Med i ca l  Cen t e r

2 : 4 0  -  3 : 0 0 Os t eogen i c  Po t en t i a l  o f  P LA  De r i v ed  Adu l t  S t em Ce l l s .
San jay  Dhar,  UCI

3 : 0 0  -  3 : 2 0 S igna l  Transduc t i on  Pa thways  I n vo l ved  i n  ASC Os teogen i c  Commi tmen t  and
D i f f e r en t i a t i on .
Pa t r i c i a  Zuk ,  UCLA

3 : 3 0  -  4 : 0 0 C los ing  Remarks  and  Recep t ion
Ben  Wu ,  UCLA

Los  Ange le s  Ti s sue
Eng inee r i ng  I n i t i a t i ve

 Prog ram  Schedu le

P l ea se  be  su re  t o  p i ck  up  you r  LATE I  T- sh i r t .

See  you  nex t  yea r  a t  t he  Th i rd  Annua l
Lo s  Ange l e s  Ti s sue  Eng inee r i n g  Mee t i n g  on  S a tu rday  December  3 rd,  2 0 0 5



Los  Ange le s  Ti s sue
Eng inee r i ng  I n i t i a t i ve

B i o g ra p h i e s

K o u r i s  A z a r
r e c e i v e d  h i s  B . S .  i n  B i o m e d i c a l  a n d  E l e c t r i c a l
E n g i n e e r i n g  i n  M a y  1 9 9 0 ,  a n d  h i s  M . D.  i n  M a y
1 9 9 5  f r o m   t h e   S c h o o l  o f  M e d i c i n e ,  b o t h  f r o m
the Case Western Reserve Univers i t y  in  Cleve land,
Oh io .  He  pe r f o rmed  a  Fe l l owsh i p  i n  P l a s t i c  and
R e c o n s t r u c t i v e  S u r g e r y,  b e t w e e n  J u l y  1 ,  2 0 0 0
t o  J u n e  3 0 ,  2 0 0 2  a t  t h e  U n i v e r s i t y  o f  U t a h  a n d
h i s  G e n e r a l  S u r g e r y  R e s i d e n c y,  J u l y  1 ,  1 9 9 5  t o
J u n e  3 0 ,  2 0 0 0  a t  t h e  U n i v e r s i t y  o f  A r i z o n a ,  i n
Tuc son ,  A r i zona .

Dav id  A .  B rown
i s  a  Ph .D.  c and i da t e  i n  b i omed i ca l  eng i nee r i ng
a t  U C L A .  H i s  r e s e a r c h  f o c u s e s  o n  r e g e n e r a t i v e
t h e r a p i e s  f o r  t h e  t r e a t m e n t  o f  h e a r t  d i s e a s e  b y
two approaches: construct ion of t i ssue-engineered
cardiac graf ts;  and in s i tu regenerat ion of diseased
myocard ium.   T i s sue  eng ineer ing  o f  hear t  musc le
on  a  c l i n i ca l  s ca l e  i s  con t i ngen t  on  a  robus t  and
e f f i c i en t  t ranspor t  s y s t em wh i ch  w i l l  m im ic  many
p r o p e r t i e s  o f  t h e  h e a r t  v a s c u l a t u r e .   I n  e f f o r t s
to  es tab l i sh  eng ineer ing  gu ide l ines  fo r  p rov id ing
adequa te  nu t r i en t  t ranspor t  in  t i s sue-eng ineered
h e a r t  m u s c l e ,  D a v e ’ s  d i s s e r t a t i o n  w o r k  f o c u s e s
on  t h e  c e l l u l a r  e f f e c t s  o f  o x ygen  d i f f u s i on  i n  an
engineered heart tissue model consisting of neonatal
c a r d i o m y o c y t e  s u s p e n d e d  i n  c o l l a g e n  g e l s .   H e
is also working in collaboration with the Department
o f  M e d i c i n e  o n  a  d e l i v e r y  s y s t e m  o f  s t e m  c e l l
h o m i n g  f a c t o r s  t o  t h e  d i s e a s e d  h e a r t ,  i n  w h i c h
i t  m a y  b e  p o s s i b l e  t o  e n h a n c e  t h e  r e c r u i t m e n t
of  ce l l s  a id ing in  the s tab i l i za t ion or  regenera t ion
o f  d i s e a s e d  m y o c a r d i u m .   H i s  t h e s i s  a d v i s o r  i s
P r o f e s so r  Ben  Wu .

Dave  g radua ted  f rom the  Un i ve r s i t y  o f  Co lo rado
a t  B o u l d e r  i n  1 9 9 9  w i t h  a  d e g r e e  i n  a e r o s p a c e
eng ineer ing  and a  minor  in  as t rophys i c s .   Dur ing
h i s  l a s t  y e a r s  a s  a n  u n d e r g r a d u a t e ,  h i s  i n t e r e s t
in  engineer ing dr i f ted towards b io logical  sys tems;
i n  l a r ge  pa r t  due  t o  h i s  i n vo l v emen t  i n  r e s ea r ch
p ro j e c t s  conce rn i ng  t he  phy s i o l og i ca l  e f f e c t s  o f
spacefl ight and the effects of simulated microgravity
on  an t ib io t i c  p roduc t ion .

After seven months of teaching English and traveling
throughout Asia, Dave began the graduate program
in  b iomed i ca l  eng inee r i ng  a t  UCLA .   Du r ing  t he
s u m m e r  o f  h i s  f i r s t  y e a r  o f  g r a d u a t e  s c h o o l ,
Dave spent three months working in a rural medical
c l in ic  in  Guatemala,  where  he became conv inced
o f  h i s  dec i s ion  to  improve  pub l i c  hea l th  th rough
bo th  re search  and  c l i n i ca l  work .   Dave  has  been
accep ted  to  t he  UCI  Co l l ege  o f  Med i c ine ,  whe re
h e  w i l l  b e g i n  h i s  m e d i c a l  t r a i n i n g  i n  t h e  f a l l  o f
nex t  year.   He has  worked as  a  teach ing ass i s tan t
i n  phy s i c s  f o r  ove r  f ou r  yea r s ,  a s  we l l  a s  s t a y ing
ac t i ve  i n  the  UCLA chap te r  o f  Eng inee r s  Wi thou t
B o r d e r s .   D a v e  i s  a n  a v i d  m o u n t a i n  c l i m b e r,
t r i a t h l e t e ,  and  a sp i r i ng  Co r ve t t e  mechan i c

Cather ine  Cowan
i s  c u r r e n t l y  a  P h . D.  s t u d e n t  i n  t h e  D e p a r t m e n t
o f  B ioengineer ing a t  the  Univers i t y  o f  Cal i forn ia ,
Lo s  Ange l e s .  Co -men to red  by  P ro f e s so r  Ben  Wu
a n d  P r o f e s s o t  K a n g  T i n g ,  s h e  i s  i n v e s t i g a t i n g
the  ro le  o f  Ne l l -1  in  bone regenera t ion in  c r i t i ca l
s i z e d  r a t  c a l v a r i a l  d e f e c t s .  I n t e r e s t s  f o c u s  o n
t h e  N e l l - 1  s i g n a l i n g  p a t h w a y,  N e l l - 1  d e l i v e r y
i n  v i v o ,  pha rmacok i ne t i c s ,  and  Ne l l - 1 ’ s  r o l e  i n
b o n e  r e g e n e r a t i o n .   T h e  u l t i m a t e  g o a l  o f  t h i s
research is to advance bone regeneration therapies.

C a t h e r i n e  C o w a n  r e c e i v e d  h e r  B . S .  d e g r e e  i n
Ce l lu la r,  Mo lecu la r,  and  Deve lopmen ta l  B io logy
i n  1 9 9 7  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  S a n t a
B a r b a r a ,  a n d  h e r   M . A .  d e g r e e  i n  B i o l o g y  i n
1999  a t  Ca l i f o rn ia  S ta t e  Un i ve r s i t y,  Dominguez
H i l l s .   H e r  M . A .  r e s e a r c h  w a s  c o n d u c t e d  a t  t h e
H a r b o r- U C L A  M e d i c a l  C e n t e r,  a n d  f o c u s e d  o n
the A lpha- fe toprote in  and Re t ino ic  Ac id and the i r
ro l e s  i n  apop tos i s  o f  hepa toma ce l l s .

U p o n  g r a d u a t i o n ,  s h e  m o v e d  t o  Pa l o  A l t o  a n d
b e g a n  w o r k i n g  f o r  S t a n f o r d  U n i v e r s i t y  i n  t h e
Division of Infectious Diseases.  This work consisted
o f  v i r o l o g y  a n d  m o l e c u l a r  b i o l o g y  s t u d i e s  o n
the Cy tomegalo  V i rus  (CMV) ,  inves t iga t ing s t ra in
d i f f e r ence s  and  pa t i en t  r e s i s t ance .
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Eng inee r i ng  I n i t i a t i ve

B i o g ra p h i e s

A f t e r  o n e  y e a r,  s h e  r e l o c a t e d  t o  t h e  l a b o r a t o r y
o f  D r.  M i c h a e l  Lo n g a k e r  i n  t h e  D e p a r t m e n t  o f
Surgery at Stanford University.  Here she investigated
t h e  d i f f e r e n c e s  i n  b o n e  r e o s s i f i c a t i o n  b e t w e e n
immature and mature animals .   Research pro jec ts
i n c l uded  i n v e s t i ga t i ng  t h e  d i f f e r en ce s  be tween
j u ven i l e  and  adu l t  d e r i v ed  o s t eob l a s t s  ( J ou rna l
o f  B i o l o g i c a l  C h e m i s t r y  2 0 0 3 )  a n d  b o n e  t i s s u e
e n g i n e e r i n g  u s i n g  b i o a c t i v e  s c a f f o l d s  f r o m  D r.
W u ’ s  l a b  ( N a t u r e  B i o t e c h n o l o g y  2 0 0 4 ,  T i s s u e
Eng inee r i ng  2004 ) .

Roger  De  F i l i ppo
is Assistant Professor, Division of Urology at Children’s
Ho sp i t a l  L o s  Ange l e s .  He  r e c e i v ed  h i s  B . S .  w i t h
Honors in the Biological Sciences from the University
Southern California, and his M.D. from the University
o f  Southern Cal i forn ia  School  o f  Medic ine,  where
he f in ished his  Urology Residency as wel l .  Recent ly
he  f i n i s hed  a  Fe l l owsh ip  i n  Ped ia t r i c  U ro l ogy  a t
Ch i l d r en’ s  Ho sp i t a l  i n  Bo s t on .  I n  2000 ,  He  wa s
awa rded  t h e  Von  L .  Meye r  Tr a ve l i ng  Fe l l ow sh i p
and was the  f i r s t  p lace  rec ip ien t  for  Bas ic  Sc ience
Re sea r ch  i n  T i s sue  Eng inee r i ng  f r om Ch i l d r en’ s
Hosp i ta l  in  Bos ton .

San jay  Dhar
As Director of the Laboratory of Tissue Engineering
and  Regene ra t i v e  Med i c i ne  a t  t h e  Un i v e r s i t y  o f
California,     Dr. Sanjay Dhar has an extensive research
h i s to ry  s tudy ing  the  e f fec t s  o f  d i f f e ren t  c y tok ines
on  va r y i ng  t a rge t  c e l l s .  D r.  Dha r  comp l e t ed  h i s
graduate s tudies at  the Indian Veter inary Research
In s t i t u t e  i n  Mo lecu la r  Pa r i s i t o logy,  and  h i s  Pos t -
doc tora l  work  was  conduc ted a t  the  New Eng land

Med ica l  Cen te r  o f  Bos ton .

T. K .  H s i a i
received his undergraduate education from Columbia
Univers i ty,  and MD from the Univers i ty  of  Chicago.
D r.  H s i a i  c o m p l e t e d  h i s  c a r d i o l o g y  f e l l o w s h i p
and PhD in Biomedical Engineering at UCLA School
o f  M e d i c i n e  i n  2 0 0 1 .  H e  i s  c u r r e n t l y  p r o f e s s o r
o f  b i o m e d i c a l  e n g i n e e r i n g  a n d  c a r d i o v a s c u l a r
medic ine at  USC. Dr.  Hsia i  i s  a Fel low of  American

C o l l e g e  o f  C a r d i o l o g y  a n d  a  r e c i p i e n t  o f  N I H
Phy s i c i an  S c i en t i s t  Ca ree r  Deve lopmen t  Awa rd .

Randa l l  Lee
i s  Associate Professor of  Medic ine at  the Univers i ty
o f  C a l i f o r n i a ,  S a n  F r a n c i s c o ,  a n d  t h e  D i r e c t o r
o f  t h e  B i o e n g i n e e r i n g  G r a d u a t e  G r o u p ,  w h i c h
i s  a  c o m b i n e d  p r o g r a m  b e t w e e n  U n i v e r s i t y  o f
Cal i forn ia  Berke ley  and San Franc i sco campuses .
H e  c o m p l e t e d  i s  M e d i c a l  d e g r e e  a n d  D o c t o r a l
d e g r e e  i n  P h a r m a c o l o g y  f r o m  t h e  U n i v e r s i t y  o f
Cal i fo rn ia .  Dr.  Lee  has  recen t l y  been research ing
different techniques of improving tissue engineering
o f  ca rd ia c  t i s sue .

S r i d h a r  N a r a y a n a s w a m y
i s  a  research  Sc ien t i s t  i n  the  compos i t e  mate r ia l s
g roup  a t  Rockwe l l  S c i en t i f i c .  He  ob ta i ned  h i s  B .
Te c h .  d e g r e e  ( M e t a l l u r g y,  9 1 )  f r o m  I n d i a ,  M S
(Mater ia ls  Sc ience) ,  MS (Mechanica l  Engineer ing)
and  Ph .D.  (Ma t e r i a l s  S c i en ce )  deg ree s ,  a l l  f r om
the University of Michigan, Ann Arbor.  Dr. Narayanaswamy’s
p r ima r y  r e s ea r ch  a r ea s  a r e  i n  t h e  mechan i c s  o f
structural composites, electronic materials, fracture
mechanics ,  and computa t ional  mater ia l s  sc ience.
He has authored or coauthored 35 research publications.

H a b i b  To r f i
P r e s i d e n t  a n d  C h i e f  S c i e n c e  O f f i c e r.   H e  h a s
1 5  y e a r s  e x p e r i e n c e  i n   d e v e l o p m e n t  o f  3 - D
t i s s u e  e n g i n e e r i n g  m o d e l s  .   H e  h a s  n u m e r o u s
publ ica t ions and a BS in  Microbio logy and Human
Gene t i c s  f r om  Webe r  S t a t e  Un i v e r s i t y  i n  U tah .

I v an  Ve se l y
i s  t h e  D i r e c t o r  o f  t h e  C a r d i o v a s c u l a r  R e s e a r c h
Program a t  Ch i ld ren’ s  Hosp i ta l  in  downtown,  Los
Ange l e s .  He  a t t e nded  t h e  Un i v e r s i t y  o f  We s t e r n
On ta r i o .  H i s  s t ud i e s  a re  de s igned  to  i n ve s t i ga t e
the  b iomechanica l  e f fec t s  o f  “ bending”  on t i s sue.
H e  i s  p r e s e n t l y  w o r k i n g  o n  t h e  M i c r o m e c h a n i c s
o f  the  Aor t i c  Va lve ,  Compos i te  T i s sue  Eng ineered
Aor t i c  Va lve  Pros thes i s ,  and Advanced Sof t  T i s sue
modeling for Telemedicine and Surgical Simulation.
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A p p l i c a t i o n s  o f  P l a s t i c  S u r g e r y  t o  T i s s u e  E n g i n e e r i n g .

Kou r i s  A za r ,  Lo s  Rob l e s  Med i ca l  Cen t e r

T i s s ue  eng i nee r i ng  i s  an  i n t e r d i s c i p l i na r y  f i e l d  t ha t  app l i e s  t h e  p r i n c i p l e s  o f  eng i nee r i ng  and  l i f e
s c i ences  to  the  deve lopmen t  o f  b io log i c  subs t i t u t e s  to  re s to re ,  ma in ta in ,  o r  improve  t i s sue  func t ion .
T i s s u e  e n g i n e e r i n g  h a s  o p e n e d  n e w  a v e n u e s  f o r  p l a s t i c  s u r g e o n s  t o  r e c o n s t r u c t  t i s s u e  d e f e c t s
us ing se lec t ive ce l l  t ransplantat ion ins tead of  whole t i ssue or  organ t ransplantat ion.  These approaches
h a v e  s e v e r a l  o b v i o u s  a d v a n t a g e s  f o r  t i s s u e  r e c o n s t r u c t i o n .  F i r s t ,  f u n c t i o n a l  t i s s u e  t h e o r e t i c a l l y
cou ld  be  gene ra t ed  i n  v i t r o  o r  i n  v i vo  u s i ng  ce l l s  f r om a  sma l l  amoun t  o f  dono r  t i s sue  by  e xpand ing
t h e m  i n  v i t r o  t o  c r e a t e  a  p o t e n t i a l l y  l i m i t l e s s  s u p p l y.  S e c o n d ,  t h e  a b i l i t y  t o  i n d u c e  d i f f e r e n t i a t i o n
o f  i s o l a t e d  c e l l s  c o u l d  e n a b l e  u s  t o  e n g i n e e r  f u n c t i o n a l  t i s s u e  u s i n g  c e l l s  f r o m  d i f f e r e n t  o r i g i n s .
The r e  a r e  many  a spe c t s  o f  r e con s t r u c t i v e  s u rge r y  f r om  f a c i a l  and  ea r  r e con s t r u c t i on  t o  c he s t  wa l l
a n d  a b d o m i n a l  r e c o n s t r u c t i o n  a f t e r  c a n c e r  a n d  t r a u m a  t h a t  w i l l  b e n e f i t  i n  t h e  n e a r  f u t u r e  f r o m
a d v a n c e s  i n  t i s s u e  e n g i n e e r i n g .   We  w i l l  r e v i e w  a  v a r i e t y  o f  r e c o n s t r u c t i v e  s u r g e r y  c h a l l e n g e s
w i th  ac tua l  pa t i en t  e xamples  look ing  fo r  app l i ca t ions  and  f ron t i e r s  o f  t i s sue  eng inee r ing  in  su rge ry.
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I n d e n t a t i o n  M i c r o m e c h a n i c s  o f  F i b r o b l a s t - F i b r i n  a n d  K e r a t i n o c y t e -  F i b r i n  C o n s t r u c t s .

C .  C o s t a l e s ,   R . G .  M o o n e y,  A .  D o e r f l e r,  G .  To l a n d ,  W.  G a r n e r, 1 B .  Ta w i l , 2 T. - L .  Tu a n , 3 B .  Wu 4 a n d
M . C .  S h a w,  B i o e n g i n e e r i n g  D e p a r t m e n t ,  C a l i f o r n i a  Lu t h e r a n  U n i v e r s i t y,  6 0  W.  O l s e n  R d .  # 3 7 5 0 ,
T h o u s a n d  O a k s ,  C A  9 1 3 6 0 , 1S e c t i o n  o f  P l a s t i c  S u r g e r y,  Ke c k  S c h o o l  o f  M e d i c i n e ,  U n i v e r s i t y  o f
S o u t h e r n  C a l i f o r n i a ,  1 2 0 0  N.  S t a t e  S t . ,  R m  1 2 6 5 0 ,  Lo s  A n g e l e s ,  C A  9 0 0 3 3 ,  2 B a x t e r  H e a l t h c a r e
C o r p o r a t i o n ,  O n e  B a x t e r  Wa y,  We s t l a k e  V i l l a g e ,  C A  9 1 3 6 2 ,  3 Ke c k  S c h o o l  o f  M e d i c i n e ,  1 5 1 0  S a n
Pa b l o ,  H C C  5 1 4 ,  U n i v e r s i t y  o f  S o u t h e r n  C a l i f o r n i a ,  Lo s  A n g e l e s ,  C A  9 0 0 8 9 - 9 2 0 2 ,  4D e p a r t m e n t
o f  B i omed i ca l  Eng inee r i ng ,  Un i ve r s i t y  o f  Ca l i f o rn i a ,  Lo s  Ange l e s ,  Ca l i f o rn i a  90095

I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :
Sk in  i s  the  larges t  organ in  the  body and forms a  c r i t i ca l  pro tec t i ve  barr ie r  to  the  ex te rna l  env i ronment
[ 1 ] .   D u r i n g  n o r m a l  w o u n d  h e a l i n g ,  f i b r i n  c l o t s  f o r m  w i t h i n  t h e  f i r s t  f e w  m i n u t e s  a n d  t r a n s f o r m
i n t o  d e r m a l  a n d  e p i d e r m a l  t i s s u e s  o v e r  s e v e r a l  d a y s .  To  a s s i s t  t h i s  p r o c e s s ,  r e c e n t l y  d e v e l o p e d
f i b r i n -based  sea lan t s ,  cons i s t i ng  o f  two  p r imar y  componen t s ,  f i b r i nogen  and  t h romb in  wh i ch  f o rm
a  g e l a t i n o u s  c l o t  w h e n  m i x e d ,  h a v e  b e e n  s t u d i e d  i n  v i t r o  a n d  i n  a n i m a l  s t u d i e s  f o r  c e l l  a n d
b i o a c t i v e  s u b s t a n c e  d e l i v e r y  [ 2  –  7 ] .  H o w e v e r,  t h e  d e p e n d e n c e  o f  t h e  s t r u c t u r a l  m e c h a n i c s  o f  t h e
c l o t  o n  i t s  b i o c h e m i s t r y  a n d  c e l l u l a r  r e s p o n s e  i s  n o t  y e t  k n o w n .  I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  a
we l l - e s t ab l i s h ed  i nden t a t i on  p ro t o co l  [ e . g . ,  8 ]  wa s  app l i ed  t o  de t e rm ine  t h e  t ime -dependen t  and
v i s coe l a s t i c  pa rame t e r s  o f  t h e  c e l l - f i b r i n  c on s t r u c t s ,  and  e f f e c t s  o f  c l o t  b i o chem i s t r y  and  c e l l u l a r
r e sponse .

M a t e r i a l s  a n d  M e t h o d s :M a t e r i a l s  a n d  M e t h o d s :M a t e r i a l s  a n d  M e t h o d s :M a t e r i a l s  a n d  M e t h o d s :M a t e r i a l s  a n d  M e t h o d s :
F ib r i nogen  –  con ta in i ng  and  Th romb in  So lu t i on  P r epa ra t i on /Ce l l  Cu l t u r e :  F ib r i nogen  –  con ta i n i ng
a n d  t h r o m b i n  s o l u t i o n s  w e r e  d i l u t e d  t o  t h e  a p p r o p r i a t e  c o n c e n t r a t i o n s  b y  d i l u t i n g  f i b r i n o g e n  –
c o n t a i n i n g  s o l u t i o n  i n  T B S  a n d  T h r o m b i n  i n  3 0 m M  C a C l 2 i n  T B S .  Tw o  c e l l  l i n e s  w e r e  p u r c h a s e d
f r om  ATCC :  1 .  Human  f i b rob l a s t  c e l l  l i n e  CRL -2522 :  p ropaga t ed  u s i ng  MEM and  10%  f e t a l  bov i ne
s e r u m .  2 .  H u m a n  k e r a t i n o c y t e  c e l l  l i n e :  C R L - 2 4 0 4 :  p r o p a g a t e d  u s i n g  K e r a t i n o c y t e - S e r u m  F r e e
Med i um  w i t h  human  r e comb inan t  EGF  and  L -g l u t am ine .      Fo l l ow i ng  cu l t u r e ,      T-75  f l a s k s  con t a i n i ng
c e l l s  w e r e  r i n s e d  t w i c e  w i t h  1 0  m L  p r e - w a r m e d  s e r u m – f r e e  m e d i u m ,  o n c e  w i t h  6  m L  p r e - w a r m e d
Tr y p s i n  a n d  t h e n  w e r e  i n c u b a t e d  w i t h  6  m L  p r e - w a r m e d  Tr y p s i n  i n  a  5  %  C O 2 i n c u b a t o r  a t  3 7 º C
u n t i l  t h e  c e l l s  s t a r t  t o  d e t a c h .  A f t e r  t h e  c e l l s  d e t a c h ,  1 2  m L  o f  Tr y p s i n  N e u t r a l i z i n g  S o l u t i o n  i s
a d d e d  t o  t h e  f l a s k s  a n d  t h e  c e l l  s u s p e n s i o n  i s  t r a n s f e r r e d  t o  a  5 0  m L  c e n t r i f u g e  t u b e .   T h e  f l a s k s
w e r e  r i n s e d  w i t h  1 0  m L  o f  a  s e r u m  –  f r e e  m e d i u m  a n d  t h e  r i n s e  i s  a d d e d  t o  t h e  c e n t r i f u g e  t u b e .
T h e  t u b e  i s  c e n t r i f u g e d  a t  a b o u t  2 0 0 0  r p m  f o r  6  m i n u t e s  a n d  t h e  s u p e r n a t a n t  i s  d i s c a r d e d .   T h e
c e l l  p e l l e t  i s  w a s h e d  w i t h  5  m L  o f  a  s e r u m – f r e e  m e d i u m ,  c e n t r i f u g e d  a t  a b o u t  2 0 0 0  r p m  f o r  6
minutes and resuspended in 1 mL of pre-warmed TBS. Cells were counted using a standard Hemacytometer.
C e l l s  w e r e  m i x e d  w i t h  t h e  r e c o n s t i t u t e d  F i b r i n o g e n  -  c o n t a i n i n g  s o l u t i o n  a n d  t h e n  d i l u t e d  u s i n g
T B S .  T h e  n u m b e r  o f  c e l l s  a d d e d  w a s  3 3 4 , 0 0 0  c e l l s  p e r  m L  o f  F i b r i n o g e n  –  c o n t a i n i n g  s o l u t i o n  o r
5 0 , 0 0 0  c e l l s  p e r  f i b r i n  c l o t .
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Indentation Micromechanics of  Fibroblast-Fibrin and Keratinocyte- Fibrin Constructs,  Continued

C e l l  –  C l o t  C o n s t r u c t s  P r e p a r a t i o n :  4 0 0  ì L  –  1 0 , 0 0 0  m L  o f  t h e  F i b r i n o g e n  –  c o n t a i n i n g  s o l u t i o n
w i t h  c e l l s  w a s  a d d e d  t o  e a c h  w e l l  o f  6 ,  1 2  o r  2 4  w e l l  p l a t e s .   Tw o  p l a t e s  w e r e  p r e p a r e d  f o r  t h e
f o l l o w i n g  t i m e  p o i n t s  D a y  0 ,  1 ,  5 ,  1 0  a n d  1 5 .   1 5 0  ì L  T h r o m b i n  s o l u t i o n  w a s  a d d e d  a n d  t h e  w e l l s
we r e  m i x ed  we l l  b y  t app i ng  and  t i l t i ng  t he  p l a t e s .   The  p l a t e s  we r e  i n cuba t ed  a t  r oom t empe ra t u r e
f o r  2  h o u r s .   F i b r i n  c l o t s  w e r e  w a s h e d  t w i c e  w i t h  1  m L  o f  a  w a r m  s e r u m - f r e e  m e d i u m .   1  m L  o f  a
s e r u m  –  c o n t a i n i n g  m e d i u m  w a s  a d d e d  t o  e a c h  w e l l  a n d  p l a t e s  w e r e  t r a n s f e r r e d  t o  a  5 %  C O 2

i n cuba to r  a t  37 ºC .   The  med i um  was  r ep l a ced  on  Day s  1 ,  3 ,  5 ,  7 ,  10  and  12  w i t h  2  mL  o f  a  s e r um-
con ta in ing  med ium.

I n d e n t a t i o n  A s s a y :  T h e  f i b r i n / c e l l  c o n s t r u c t s  w e r e  s u b j e c t  t o  a  c o m p r e s s i v e  i n d e n t a t i o n  p r o t o c o l
whe re in  a  c i r cu la r,  f l a t - ended  g la s s  i nden te r  was  app l i ed  to  t he  su r face  o f  t he  ce l l / f i b r i n  cons t ruc t s
t h rough  con t ro l l ed  d i sp lacemen t s  un t i l  r each ing  a  spec i f i ed  max imum d i sp lacemen t ,  u * .  An  I n s t ron
3 3 6 5  U n i v e r s a l  Te s t i n g  M a c h i n e  e q u i p p e d  w i t h  a  2 . 5 N  l o a d  c e l l  w i t h  a  l o a d  r e s o l u t i o n  o f  0 . 1  m N
was  u sed .  D i sp lacemen t  ra t e s  i n  t he  range  o f  0 .1  –10  mm/min  we re  u sed ,  w i t h  peak  d i sp lacemen t s ,
u *  =  0 .1  –5  mm.  The  f o r c e  r equ i r ed  t o  ma in t a i n  t he se  d i sp l a cemen t s  was  au toma t i ca l l y  r e co rded .

R e s u l t s  a n d  D i s c u s s i o n :R e s u l t s  a n d  D i s c u s s i o n :R e s u l t s  a n d  D i s c u s s i o n :R e s u l t s  a n d  D i s c u s s i o n :R e s u l t s  a n d  D i s c u s s i o n :
I n i t i a l  r e s u l t s  r e v e a l  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  l i n e a r i z e d  Yo u n g ’ s  m o d u l u s  o b t a i n e d  f r o m  t h e
inden ta t ion  exper iments  fo r  d i f fe ren t  fo rmula t ions  o f  popu la ted  and unpopu la ted  f ib r in  and co l lagen
cons t r u c t  f o rmu la t i on s .  The se  r e su l t s  demons t ra t e  t he  app l i cab i l i t y  o f  t he  i nden ta t i on  t e chn ique  t o
a s say  t he  mechan i ca l  p rope r t i e s  o f  c e l l - con ta i n i ng  f i b r i n - co l l agen  cons t r u c t s  i n  v i t r o .

R e f e r e n c e s :R e f e r e n c e s :R e f e r e n c e s :R e f e r e n c e s :R e f e r e n c e s :
1 )   C l a r k ,  R .  T h e  M o l e c u l a r  a n d  C e l l u l a r  B i o l o g y  o f  Wo u n d  R e p a i r.  2 n d E d i t i o n .  P l e n u m  P r e s s ,
1996  2 )  Tuan ,  T.  L . ,  Song ,  A . ,  Chang ,  S . ,  Youna i ,  S . ,  and  N imn i ,  M .  E .  E xpe r imen ta l  Ce l l  R e s ea r ch
2 2 3 ,  2 2 3 ,  2 2 3 ,  2 2 3 ,  2 2 3 ,  1 2 7 ,  1 9 9 6 .  3 )  We c h s e l b e r g e r,  G . ,  S c h o e l l e r,  T. ,  S t e n z l ,  A . ,  N i n k o v i c ,  M . ,  L i l l e ,  S . ,  R u s s e l l ,
R .  C ,  T h e  J o u r n a l  o f  U r o l o g y  1 6 01 6 01 6 01 6 01 6 0 ,  5 8 3 ,  1 9 9 8 .  4 )  H o r c h ,  R .  E . ,  B a n n a s c h ,  H . ,  Ko p p ,  J. ,  A n r e e ,  C . ,
a n d  S t a r k ,  G .  B .  C e l l  Tr a n s p l a n t a t i o n  7 ,7 ,7 ,7 ,7 ,  3 0 9 ,  1 9 9 8 .  5 )  Pe r k a ,  C . ,  S c h u l t z ,  O. ,  S p i t z e r,  R .  S . ,
L i n d e n h a y n ,  K . ,  B u r m e s t e r,  G .  R . ,  S i t t i n g e r,  M .  B i o m a t e r i a l s  2 1 ,  2 1 ,  2 1 ,  2 1 ,  2 1 ,  1 1 4 5 ,  2 0 0 0 .  6 )  S c h e n s e ,  J .  C . ,
B loch ,  J. ,  Aeb i s che r,  P. ,  and  Hubbe l l ,  J.  A  Na tu re  B io t e chno logy,  18 ,18 ,18 ,18 ,18 , :  415 ,  2000 .  7 )  Van  Gr i ensven ,
M . ,  Z e i c h e n ,  J. ,  Pa p e ,  H .  C . ,  Le h m a n n ,  U. ,  B o s c h ,  U. ,  a n d  S e e k a m p ,  A . ,  C e l l s  T i s s u e s  O r g a n s
A 5 0 1 ,  A 5 0 1 ,  A 5 0 1 ,  A 5 0 1 ,  A 5 0 1 ,  2 0 0 0 .  8 )  L a w n ,  B ,  “ F r a c t u r e  o f  B r i t t l e  S o l i d s , ”  C a m b r i d g e  U n i v e r s i t y  P r e s s ,  1 9 9 3 .
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The  App l i c a t i on  o f  Amn io t i c  F l u i d  S tem  Ce l l s  f o r  Rena l  T i s sue  Regenera t i on .

L .  Pe r i n ,  A .  Maesh ima ,  Sed rakyan  S . ,  J i n  D. ,  SK .  N igam,  A .  A ta l a  and  R .  De  F i l i ppo

T h e  c r e a t i o n  o f  b i o - a r t i f i c i a l  o r g a n s  l i k e  t h e  k i d n e y  b y  T i s s u e  E n g i n e e r s  s h o w e d  p r o m i s e  b u t
s i g n i f i c an t l y  f a l l s  s ho r t  o f  r ep roduc i ng  a l l  o f  i t s  mu l t i f a c e t ed  s t r u c t u r e  and  f un c t i on .  H i s t o r i c a l l y,
t i s sue  eng inee r s  we re  dependen t  en t i r e l y  on  adu l t  ce l l  l i ne s  t ha t  r e su l t ed  i n  s imp le  two  d imens iona l
c o n s t r u c t s  t h a t  e x h i b i t e d  l i m i t e d  f u n c t i o n  a n d  w e r e  d i f f i c u l t  t o  a p p l y  i n  v i v o .  S t e m  c e l l  b a s e d
t h e r a p i e s  m a y  h e l p  o v e r c o m e  s o m e  o f  t h e s e  d i f f i c u l t i e s .  A  p l u r i p o t e n t i a l  s t e m  c e l l  p o p u l a t i o n
e x i s t s  i n  a m n i o t i c  f l u i d  ( A F S C ) .  T h e s e  c e l l s  h a v e  b e e n  s h o w n  t o  d i f f e r e n t i a t e  i n t o  a l l  t h r e e  g e r m
la ye r s  and  pa r t i c i pa t e  i n  t h e  f o rma t i on  o f  v a r i ou s  t i s s ue s  du r i ng  emb r yogene s i s .  Comp l e x  o rgan s
l i k e  k i d n e y  a r e  c o m p o s e d  o f  t w o  m a j o r  t i s s u e s :  e p i t h e l i u m  a n d  m e s e n c h y m e .  We  a p p l i e d  a  n o v e l
s y s t em  o f  t i s s ue  r egene ra t i on  f r om  AFSC  t o  a ch i e v e  r ena l  c e l l  d i f f e r en t i a t i on .  A  co - cu l t u r e  s y s t em
was employed us ing essent ia l  cons t i tuents  of  deve loping k idney:  the ure ter ic  bud (UB)  and metanephr ic
m e s e n c h y m e  ( M M ) .  We  h y p o t h e s i z e d  t h a t  d i f f e r e n t i a t i o n  o f  A F S C  i n t o  r e n a l  c e l l s  c a n  b e  a c h i e v e d
b y  i n d u c t i o n  o f  g r o w t h  f a c t o r s  r e l e a s e d  d u r i n g  t h e  c u l t u r e  o f  U B  a n d  M M  i n  v i t r o .  We  d e t e r m i n e d
t h e  c a p a c i t y  o f  e m b r y o n i c  U B  a n d  M M  t o  i n d u c e  A F S C  d i f f e r e n t i a t i o n  i n  a  n o v e l  c o - c u l t u r e  s y s t e m
t h a t  a l l o w s  f o r  i n t e r c h a n g e  o f  g r o w t h  f a c t o r s .  I n d u c t i o n  o f  A F S C  i n t o  r e n a l  t i s s u e  w a s  c o n f i r m e d
morpho log i ca l l y  and  h i s to log i ca l l y.
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Deve lopment  o f  a  Nove l  Compos i t e  Sk in  Subs t i t u te  f o r  C l i n i c a l  and  Re sea rch  App l i c a t i on .

R . K .  Ko r d e s t a n i 1,  E .  E l m o r e 2,  J. S .  S t e i n b e r g 3,  P.  R a d o v i c 4      a n d  H.  To r f i 1 .

I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :
C h r o n i c  n o n - h e a l i n g  w o u n d s  a n d  b u r n s  c o n t i n u e  t o  b e  a  c h a l l e n g i n g  p r o b l e m .  X e n o g r a f t s  o f
c o m p o s i t e  s k i n  s u b s t i t u t e s  h a v e  b e e n  u s e d  f o r  t h e r a p e u t i c  i n t e r v e n t i o n s .   D u e  t o  t h e  i n h e r e n t
p r o b l e m s  w i t h  x e n o g r a f t s ,  n o  i d e a l  s k i n  s u b s t i t u t e  y e t  e x i s t s .  I n v i t r a TM i s  a  n o v e l  C o m p o s i t e  S k i n
s u b s t i t u t e  ( C S S )  t h a t  i s  g r o w n  f r o m  a  n e o n a t a l  s k i n  c e l l s  a n d  o f f e r s  a  d e r m a l  c o m p o n e n t s  i n  a  3 -
d i m e n s i o n a l  s t r u c t u r e .  A l l o g e n o u s  f i b r o b l a s t s  a r e  i s o l a t e d ,  c u l t u r e d  a n d  t h e n  a r e  p l a c e d  i n  a
b i o d e g r a d a b l e  p r o p r i e t a r y  m a t r i x .  To  p r e p a r e  I n v i t r a TM,  a  s m a l l  p i e c e  o f  t h e  n e o n a t a l  s k i n  i s
e n z y m a t i c a l l y  d i g e s t e d  u s i n g  s t a n d a r d  t e c h n i q u e s .  F o l l o w i n g  c u l t u r e  e x p a n s i o n ,  f i b r o b l a s t s  a r e
mixed in  modi f ied  V i t rogen (Cohes ion Technolog ies ,  Pa lo  A l to ,  CA)  and layered on to  a  b iodegradable
ma t r i x  cons i s t i ng  o f  V i c r y l  mesh  (  E th i con  B io su rge r y,  C inc inna t i ,  Oh io )  and  Su rg i s i s  (  Cook  B io t e ch
I n c .  I n d i a n a ) ,   a n d  a l l o w e d  t o  g e l .  T h e s e  g r a f t s  a r e  r e a d y  f o r  d e l i v e r y  a n d  o r  g r a f t i n g  a f t e r  t w o
day s .   The  r e su l t i ng  3 -d imens i ona l  con s t r u c t  i s  r eady  f o r  u se .

M a t e r i a l s / M e t h o d s :M a t e r i a l s / M e t h o d s :M a t e r i a l s / M e t h o d s :M a t e r i a l s / M e t h o d s :M a t e r i a l s / M e t h o d s :
A  1 - c m 2 b i o p s y  o f  h u m a n  s k i n  c o n t a i n i n g  b o t h  d e r m a l  a n d  e p i d e r m a l  c o m p o n e n t s  i s  h a r v e s t e d 3,4.
T h e  s k i n  i s  e n z y m a t i c a l l y  d i g e s t e d ,  y i e l d i n g  k e r a t i n o c y t e s  a n d  f i b r o b l a s t s ,  w h i c h  a r e  s e p a r a t e d
u s i n g  s t a n d a r d  t e c h n i q u e s 5.   T h e  c e l l s  a r e  t h e n  i n c u b a t e d  i n  s p l i t t i n g  s o l u t i o n  f o r  1 6 - 2 1  h o u r s  a t
4 ° C .  O n c e  i n c u b a t e d ,  t h e  d e r m i s  a n d  e p i d e r m i s  a r e  t e a s e d  a p a r t .   T h e  e p i d e r m a l  p i e c e s  a r e
i n c u b a t e d  i n  r T E  s o l u t i o n  ( C a s c a d e  B i o l o g i c ,  I n c .  Po r t l a n d ,  O R )  f o r  3 0  m i n u t e s  i n  a  3 7 ° C  w a t e r
b a t h .   C e l l s  a r e  r e s u s p e n d e d  i n  E p i l i f e  M e d i u m  s u p p l e m e n t e d  w i t h  H K G S -V 2  a n d  P S A  ( C a s c a d e
B i o l o g i c ,  I n c . ) .   F i b r o b l a s t s  c e l l s  a r e  m i x e d  a t  5 . 0 x 1 0 5 c e l l / m l  i n  V i t r o g e n  a n d  p o u r e d  u n t o  t h e
b i odeg radab l e  ma t r i x  c omposed  o f  two  pa r t s ,  V i c r y l  me sh  (  E t h i c on  B i o su rge r y,  C i n c i nna t i ,  Oh io )
and  Su rg i s i s  (  Cook  B io t e ch  I n c .  I nd iana )  ,  and  a l l owed  to  ge l .

R e s u l t s  a n d  D i s c u s s i o n :R e s u l t s  a n d  D i s c u s s i o n :R e s u l t s  a n d  D i s c u s s i o n :R e s u l t s  a n d  D i s c u s s i o n :R e s u l t s  a n d  D i s c u s s i o n :
A  6 6 - y e a r - o l d  d i a b e t i c  m a l e  w i t h  s e v e r e  p e r i p h e r a l  v a s c u l a r  d i s e a s e  d e v e l o p e d  g a n g r e n e  o f  t h e
d i s t a l  l e f t  h a l l u x .  H e  u n d e r w e n t  i n c i s i o n  a n d  d r a i n a g e  w i t h  a  p a r t i a l  a m p u t a t i o n  o f  t h e  h a l l u x  i n
a n t i c i p a t i o n  o f  r e v a s c u l a r i z a t i o n ,  w h i c h  w a s  s c h e d u l e d  l a t e r  i n  t h e  w e e k .  T h e  r e v a s c u l a r i z a t i o n
w a s  d e l a y e d  a n d  g a n g r e n e  d e v e l o p e d  p r o x i m a l l y.  A  p a r t i a l  f i r s t  r a y  a m p u t a t i o n  w a s  p e r f o r m e d
and  t h e  wound  was  pa r t i a l l y  c l o s ed .  R e va s cu l a r i z a t i on  wa s  r e s chedu l ed  f o r  l a t e r  t ha t  week .  I n  t h e
m e a n t i m e  a  w o u n d  v a c u u m  a s s i s t e d  c l o s u r e  ( w o u n d  V. A . C . ,  KC I ,  S a n  A n t o n i o ,  Te x a s )  w a s  p l a c e d
o n  t h e  f o o t .  T h e  p a t i e n t  w a s  r e v a s c u l a r i z e d  a n d  o n c e  t h e  w o u n d  f i l l e d  i n  w i t h  g r a n u l a t i o n  t i s s u e ,
t h e  w o u n d  V. A . C  w a s  d i s c o n t i n u e d  a n d  a  h y d r o f o a m  d r e s s i n g  w a s  a p p l i e d  u n t i l  t h e  I n v i t r x  s k i n
g ra f t  wa s  r ead y.  Two  app l i c a t i on s  o f  I n v i t r a  -  CSS  we r e  app l i ed  o v e r  a  two -week  pe r i od  and  r ap i d
hea l ing  was  no ted .
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Con t i nued

R e f e r e n c e s :R e f e r e n c e s :R e f e r e n c e s :R e f e r e n c e s :R e f e r e n c e s :

1 . Boy ce  ST,  Ham RG.  Ca l c i um- regu la t ed  d i f f e r en t i a t i on  o f  no rma l  human  ep ide rma l
ke ra t i no c y t e s  i n  chem i ca l l y  de f i n ed  co l ona l  c u l t u r e  and  s e rum- f r ee  s e r i a l  c u l t u r e .  J  I n v e s t
D e r m a t o l .  8 1 : 3 3 s - 4 0 s ,  1 9 8 3 .

2 .  Nav sa r i a ,  H  e t  a l .  Cu l t u r i ng  s k i n  i n  v i t r o  f o r  wound  t he rapy.   T i b t e ch  1995 :  13 :91 -99 .
3 .  Sun ,  Tung-T i en  and  Green ,  H.  D i f f e r en t i a t i on  o f  t h e  Ep i de rma l  Ke ra t i no c y t e  i n  Ce l l

Cu l t u r e :  Fo rma t i on  o f  t h e  Co rn i f i ed  En ve l ope .   Ce l l  1976 :  9 :511 -521 .
4 .  Rhe i nwa ld ,  J. G. ,  G reen ,  H.  Se r i a l  c u l t i v a t i on  o f  s t r a i n s  o f  human  ep ide rma l

ke ra t i noc y t e s :  t h e  f o rma t i on  o f  k e ra t i n i z i ng  co l on i e s  f r om  s i ng l e  c e l l s .  Ce l l .  6 :331 ,1975 .
5 .  Cascade  B io log i c s ,  I n c .  Ep i l i f e  Med ium Suppor t s  t he  I so la t i on  and  Ex t ended  Cu l t i va t i on  o f

Human  Cornea l  Ep i t he l i um.  Cascade  B io log i c s ,  Po r t l and ,  OR .
6 .  Cu l t u r ed  s k i n  sub s t i t u t e s  r educe  dono r  s k i n  ha r ve s t i ng  f o r  c l o su re  o f  e x c i s ed ,  f u l l -

t h i c kne s s  bu rn s .  Bo y ce  ST,  Kagan  R J,  Yakubo f f  KP,  Meye r  NA ,  R i eman  MT,  G reenha lgh  DG,
Wa r d e n  G D.  A n n  S u r g .  2 0 0 2  Fe b ;  2 3 5 ( 2 ) : 2 6 9 - 7 9 .
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M E M S  a n d  N a n o  S e n s o r s  t o  P r e d i c t  C a r d i o v a s c u l a r  E v e n t s .

T.K .  Hs ia i ,  USC

Card io va s cu la r  d i s ea se  r ema in s  t he  l ead ing  cau se  o f  mo rb id i t y  and  mor ta l i t y  i n  t he  Un i t ed  S t a t e s .
H e m o d y n a m i c s ,  i n  p a r t i c u l a r,  s h e a r  s t r e s s ,  p l a y s  a n  i m p o r t a n t  r o l e  i n  r e g u l a t i n g  t h e  b i o l o g i c a l
a c t i v i t i e s  o f  e n d o t h e l i a l  c e l l s  t h a t  l i n e  t h e  i n n e r  l u m e n  o f  b l o o d  v e s s e l s .       T h e  e m e r g i n g  M i c r o
E l e c t r o  Mechan i ca l  S y s t ems  (MEMS )  p ro v i de  a  spa t i a l  r e so l u t i on  compa rab l e  t o  t h e  s i z e  o f  EC  and
t empora l  r e so l u t i on  i n  t he  kHz  range  t o  i n ve s t i ga t e  t he  mechan i sms  whe reby  t he  cha rac t e r i s t i c s  o f
shea r  s t r e s s  r egu la t e  t he  b io log i ca l  a c t i v i t i e s  o f  endo the l i a l  c e l l s .  Us ing  t oo l s  o r i g i na l l y  deve loped
f o r  t h e  i n t e g r a t e d  c i r c u i t  ( I C )  i n d u s t r y,  o n e  i s  a b l e  t o  f a b r i c a t e  m i n i a t u r i z e d  t r a n s d u c e r s  a t  t h e
ce l l u l a r  l e v e l s  f o r  r ea l - t ime  con t r o l  o f  t ime - va r y i ng  e ven t s .

I n  p a r a l l e l ,  t h e  s t u d y  o f  n a n o m a t e r i a l s  a n d  n a n o s c a l e  s c i e n c e  p a v e s  a  p a t h w a y  f o r  a n  a m b i t i o u s
bu t  r ea l i s t i c  goa l :  t he  u se  o f  s yn t he s i s ,  a s s emb l y  and  m in ia t u r i za t i on  down  t o  t he  nanome te r  s ca l e
to create novel  nanost ruc tured mater ia ls  and dev ices wi th unique proper t ies  and super ior  per formance.
T h e  d e v e l o p m e n t  o f  n a n o w i r e  s e n s o r s  p r o v i d e s  a  n e w  a v e n u e  t o  u n d e r s t a n d  t h e  f u n d a m e n t a l s  o f
ox ida t i ve  mod i f i ca t ion  o f  low dens i t y  l i popro te in -cho les te ro l  ( LDL )  med ia ted  by  vascu la r  endo the l ia l
c e l l s  i n  r e s p o n s e  t o  s h e a r  s t r e s s .  I n  t h i s  c o n t e x t ,  o u r  g r o u p  a t  U S C  h a s  i n t e g r a t e d  e x p e r t i s e  f r o m
t h e  f i e l d s  o f  m i c r o -  a n d  n a n o t e c h n o l o g y,  v a s c u l a r  a n d  o x i d a n t  b i o l o g y  t o  s t u d y  t h e  d y n a m i c s  o f
i n f l amma to r y  r e sponse s  t o  p r ed i c t  a cu t e  co rona r y  e ven t s .
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Oxygen  D i f f u s i on  i n  Eng inee red  Hea r t  T i s sue .

Dav id  A .  B rown ,  UCLA  B ioeng inee r i ng

I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :
P r o g r e s s  i n  t i s s u e  e n g i n e e r i n g  o f  c l i n i c a l l y - r e l e v a n t  c a r d i a c  p a t c h e s  i s  c u r r e n t l y  h i n d e r e d  b y
i n a d e q u a t e  d i f f u s i o n  o f  g a s e s  a n d  n u t r i e n t s  i n t o  t h e  c o r e s  o f  t i s s u e  c o n s t r u c t s ,  r e s u l t i n g  i n  a
m a x i m u m  t i s s u e  t h i c k n e s s  o f  l e s s  t h a n  1  m m .   B a s e d  o n  o x y g e n  p r o f i l e s  i n  t u m o r s  a n d  v a r i o u s
eng inee red  t i s s ue s ,  i t  i s  s u spec t ed  t ha t  o x ygen  may  be  t he  l im i t i ng  me tabo l i t e  f o r  v i ab i l i t y  i n  many
e n g i n e e r e d  t i s s u e  t y p e s  i n c l u d i n g  m y o c a r d i u m .   A  m o d e l  f o r  o x y g e n  d i f f u s i o n  i n  c a r d i o m y o c y t e -
c o l l a g e n  g e l  c o n s t r u c t s  h a s  b e e n  d e v e l o p e d  t o  m o r e  p r e c i s e l y  c h a r a c t e r i z e  t h i s  p h e n o m e n o n ,
wh i ch  w i l l  a i d  i n  t he  de s i gn  o f  an  e f f i c i en t  t r an spo r t  s y s t em  fo r  eng inee red  hea r t  t i s s ue .

M e t h o d s :M e t h o d s :M e t h o d s :M e t h o d s :M e t h o d s :
N e o n a t a l  c a r d i o m y o c y t e s  w e r e  s u s p e n d e d  i n  a  c o l l a g e n - M a t r i g e l  h y d r o g e l  a t  v a r i o u s  c e l l u l a r
den s i t i e s ,  wh i ch  was  t hen  sandw i ched  be tween  two  c i r cu l a r  co ve r  s l i p s ;  hence  l im i t i ng  d i f f u s i on  o f
o x y g e n  f r o m  t h e  b u l k  m e d i u m  t o  t h e  r a d i a l  d i r e c t i o n .   G e l s  w e r e  t h e n  c u l t u r e d  o v e r n i g h t  i n
d i f f e r en t  concen t ra t i on s  o f  o x ygen  and  f r e sh - f r o zen  f o r  h i s t o l og i ca l  c r yo se c t i on i ng .

R e s u l t s :R e s u l t s :R e s u l t s :R e s u l t s :R e s u l t s :
R a d i a l  g r a d i e n t s  o f  o x y g e n  w e r e  o b s e r v e d  b y  i m m u n o h i s t o c h e m i c a l  s t a i n i n g  f o r  p i m o n i d a z o l e ,
w h i c h  c o n j u g a t e s  t o  c e l l u l a r  p r o t e i n s  i n  t h e  a b s e n c e  o f  o x y g e n  ( < 2 %  O 2) .   P i m o n i d a z o l e  s t a i n i n g
w a s  c l e a r l y  v i s i b l e  a r o u n d  t h e  g e l  s e c t i o n  i n  a l l  O 2 c o n d i t i o n s ,  i n d i c a t i n g  a  r a p i d  d e p l e t i o n  o f
o x y g e n  i n  t h e  t i s s u e  c o n s t r u c t .   G e l s  c u l t u r e d  i n  0 %  O 2 s h o w e d  m a x i m u m  p i m o n i d a z o l e  s t a i n i n g
i n t e n s i t y  a t  t h e  e d g e  o f  t h e  g e l  a s  e x p e c t e d ,  w h i l e  t h o s e  c u l t u r e d  i n  2 1 %  O 2 a n d  7 0 %  O 2 s t a i n e d
m a x i m a l l y  d e e p e r  i n t o  t h e  g e l .   S e v e r e  c e l l  d e a t h  w a s  o b s e r v e d  i n  t h e  i n t e r i o r  o f  t h e  g e l ,  w i t h
l a r g e r  p r o p o r t i o n s  o f  T U N E L - p o s i t i v e  c e l l s  v i s i b l e  i n  t h e  i n t e r i o r  w i t h  d e c r e a s i n g  O 2.   I n c r e a s i n g
c e l l  d e n s i t y  h a d  a n  a n a l o g o u s  e f f e c t  t o  d e c r e a s i n g  O 2.   T h e s e  d a t a  w i l l  b e  p r e s e n t e d  w i t h  a
d i f f u s i o n  m o d e l  b a s e d  o n  a n i s o t r o p i c  o x y g e n  d i f f u s i v i t y  i n  a n  e f f e c t i v e  m e d i u m  w i t h  M i c h a e l i s -
Men ten - t ype  consump t ion .

C o n c l u s i o n s :C o n c l u s i o n s :C o n c l u s i o n s :C o n c l u s i o n s :C o n c l u s i o n s :
Concu r r en t  w i t h  r epo r t s  o f  o t he r  i n v e s t i ga t o r s ,  t h e  max imum l eng th  s ca l e  f o r  no rmox i c  cond i t i on s
in  eng ineered  hear t  t i s sue  i s  on  the  100-µm sca le  under  d i f fu s ion- res t r i c t ed  cu l tu re .   Card iomyocy te
hypox ia  and  dea th  in  co l lagen  ge l s  a re  func t ions  o f  ce l l  dens i t y  and  head  gas  oxygen  concen t ra t ion ,
which can be predicted through oxygen diffusion models.  Ongoing work focuses on further characterization
o f  t r an spo r t - l im i t ed  ce l l  v i ab i l i t y  and  f unc t i on  f o r  ca rd ia c  t i s s ue  eng inee r i ng .
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I n  S i t u  C a r d i a c  Ti s s u e  E n g i n e e r i n g  f o r  M y o c a r d i a l  R e p a i r.

Ka r e n  L .  C h r i s t m a n ,  Q i z h i  Fa n g ,  N g a n  F.  H u a n g ,  M i c h a e l  Ye e ,  R i c h a r d  E .  S i e v e r s ,  Ra n d a l l  J .  L e e .
Un i ve r s i t y  o f  Ca l i f o r n i a  San  F ranc i s co ,  San  F ranc i s co ,  CA ,  94143

M y o c a r d i a l  i n f a r c t i o n  ( M I )  r e s u l t i n g  i n  t h e  l o s s  o f  n o n - r e g e n e r a t i v e  c a r d i o m y o c y t e s ,  n e g a t i v e
r emode l i ng  o f  l e f t  v en t r i c l e  ( LV )  and  t he  de t e r i o ra t i on  o f  myoca rd ia l  f unc t i on  i s  s t i l l  a  ma jo r  cau se
o f  c o n g e s t i v e  h e a r t  f a i l u r e . 1 ,  2  T h e  u s e  o f  b i o p o l y m e r s  i s  a n  e m e r g i n g  a r e a  o f  r e s e a r c h  i n  c a r d i a c
t i s s ue  eng inee r i ng  and  shows  t r emendous  p rom i se  i n  myoca rd ia l  r epa i r.  A s  an  i n j e c t ab l e  s ca f f o l d ,
f i b r i n  r e s u l t s  i n  i m p r o v e d  c e l l  s u r v i v a l  a n d  a n g i o g e n e s i s . 3 A d d i t i o n a l l y,  f i b r i n  m a t r i x  a l o n e  h a s
been  shown  t o  dec rease  i n fa r c t  e xpans ion  and  p re ven t  t he  nega t i v e  r emode l i ng  a s soc ia t ed  w i t h  an
acu t e  myoca rd ia l  i n f a r c t i on . 3 ,4

R e c en t l y,  we  e xam ined  t h e  e f f e c t  o f  t h i s  i n  s i t u  app roach  i n  a  c h ron i c  M I  mode l .   T he  l e f t  c o rona r y
a r t e r y  o f  S p r a g u e - D a w l e y  r a t s  w a s  o c c l u d e d  f o r  3 0  m i n u t e s  f o l l o w e d  b y  r e p e r f u s i o n .   A  b a s e l i n e
echocard iog ram was  pe r fo rmed  by  a  b l i nded  inves t i ga to r  f i v e  weeks  pos t - i n fa r c t i on  on  a l l  an ima l s .
E i t h e r  0 .5%  bov i ne  s e r um  a l bum in  ( B SA )  i n  PBS  ( c on t r o l )  ( n=7 ) ,  2  x  10 6 s k e l e t a l  myob l a s t s  ( SM )  i n
0 . 5 %  B S A  ( n = 6 ) ,  F G  a l o n e  ( n = 8 ) ,  o r  2  x  1 0 6 S M  i n  F G  ( n = 6 )  w a s  t h e n  i n j e c t e d  i n t o  t h e  i s c h e m i c
l e f t  v e n t r i c l e  ( LV ) .   A  f o l l o w - u p  e c h o c a r d i o g r a m  w a s  a l s o  p e r f o r m e d  f i v e  w e e k s  a f t e r  i n j e c t i o n .
Pa i red  t - t e s t s  were  use  to  compare  measuremen t s  be tween  base l ine  and  fo l low -up  echocard iograms
in  o rde r  t o  de t e rm ine  t he  e f f e c t  o f  each  t r ea tmen t .   A s  an t i c i pa t ed  t he  BSA  con t r o l  g roup  e xh ib i t ed
a  s i gn i f i can t  dec rease  i n  e j e c t i on  f ra c t i on  (a  measu re  o f  ca rd iac  f unc t i on )  ( p<0.004 ) ,  a  s i gn i f i can t
i n c r e a s e  i n  LV  d i a m e t e r  ( p < 0 . 0 1 ) ,  a n d  a  s i g n i f i c a n t  d e c r e a s e  i n  i n f a r c t  w a l l  t h i c k n e s s  ( p < 0 . 0 1 ) .
Fu r t h e r m o r e ,  t h e  S M  i n  B S A  g r o u p  w a s  a l s o  i n c a p a b l e  o f  p r e s e r v i n g  c a r d i a c  f u n c t i o n  a n d  LV
g e o m e t r y.   I n  c o n t r a s t ,  b o t h  i n j e c t i o n  o f  F G  a n d  S M  i n  F G  p r e s e r v e d  c a r d i a c  f u n c t i o n  a n d  LV
geome t r y  f i v e  week s  a f t e r  i n j e c t i on .

T h e  r e s u l t s  o f  t h e s e  s t u d i e s  i n d i c a t e  i n j e c t i o n  o f  a  f i b r i n  s c a f f o l d  h e l p s  t o  m a i n t a i n  LV  g e o m e t r y
a n d  c a r d i a c  f u n c t i o n ,  a n d  t h u s  m a y  b e  a  p o t e n t i a l  t r e a t m e n t  f o r  t h o s e  s u f f e r i n g  f r o m  c h r o n i c
myoca rd ia l  f unc t i on .

1 . Mann ,  D. L .  Mechan i sms  and  mode l s  i n  hea r t  f a i l u r e :  A  comb ina to r i a l  app roach .
C i r c u l a t i o n  1 0 0 ,  9 9 9 ,  1 9 9 9 .

2 . Anve r sa ,  P. ,  L i ,  P. ,  Zhang,  X . ,  O l i v e t t i ,  G.  and  Capas so ,  J.M .  I s chaem i c  myoca rd ia l
i n j u r y  and  v en t r i c u l a r  r emode l l i ng .  Ca rd i o va s c .  R e s .  27 ,  145 ,  1993 .

3 . Ch r i s tman ,  K . L . ,  Va rdan i an ,  A . J. ,  Fang ,  Q . ,  S i e v e r s ,  R . E . ,  Fok ,  H .H.  and  Lee ,  R . J.
I n j e c t ab l e  f i b r i n  s ca f f o l d  imp rove s  c e l l  t r an sp lan t  s u r v i va l ,  r educe s  i n f a r c t  e xpans i on ,
and  i nduce s  neovascu la t u re  f o rma t i on  i n  i s chem i c  myoca rd ium.  J.  Am.  Co l l .  Ca rd io l .
4 4 ,  6 5 4 ,  2 0 0 4 .

4 . Ch r i s tman ,  K . L . ,  Fok ,  H.H. ,  S i e v e r s ,  R . E . ,  Fang ,  Q .  and  Lee ,  R . J.  F i b r i n  g l u e  a l one  and
ske l e t a l  myob la s t s  i n  a  f i b r i n  s ca f f o l d  p re se r ve  ca rd ia c  f unc t i on  a f t e r  myoca rd ia l
i n f a r c t i o n .  T i s s u e  E n g .  1 0 ,  4 0 3 ,  2 0 0 4 .
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Prog re s s  i n  Deve lop ing  a  Compos i t e ,  Ti s sue -Eng inee red  Ao r t i c  Va l ve .

Ya l i n g  S h i ,  I v a n  Ve s e l y,  S a b a n  R e s e a r c h  I n s t i t u t e ,  C h i l d r e n s  H o s p i t a l  Lo s  A n g e l e s ,  Lo s  A n g e l e s ,
Ca l i f o rn i a  90027 ,  USA

I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :
A  t i s s u e - e n g i n e e r e d  v a l v e  m u s t  i n c l u d e  t h e  c o m p l e x  m i c r o s t r u c t u r e  o f  n a t i v e  v a l v e s  i n  o r d e r  t o
m i m i c  t h e i r  u n i q u e  m e c h a n i c a l  p r o p e r t i e s .  T h e  f u n c t i o n a l  c o m p o n e n t s  i n c l u d e  c o l l a g e n  f i b e r
b u n d l e s ,  m e s h  n e t w o r k s ,  b r a n c h e s ,  a n d  l a y e r s  o f  e l a s t i n .   O u r  a p p r o a c h  i s  t o  e n g i n e e r  e a c h
s t r u c t u ra l  componen t  o f  t h e  hea r t  v a l v e  s epa ra t e l y  i n  v i t r o  and  t hen  i n t eg ra t e  a l l  t h e  componen t s
t o g e t h e r  i n t o  a  c o m p o s i t e  v a l v e  s t r u c t u r e .   R e c e n t  p r o g r e s s  h a s  b e e n  d i r e c t e d  t o w a r d s  g r o w i n g
b r a n c h e d  a n d  c o n n e c t e d  c o l l a g e n  f i b e r  b u n d l e s  a n d  e l a s t i n  s h e e t s ,  a n d  t o w a r d s  o p t i m i z i n g  t h e
c u l t u r e  c o n d i t i o n s  a n d  t h e  b i o r e a c t o r s  i n v o l v e d ,  t o  c o n t i n u a l l y  i m p r o v e  t h e  m e c h a n i c a l  s t r e n g t h
o f  t he  cons t r u c t s .

M e t h o d s :M e t h o d s :M e t h o d s :M e t h o d s :M e t h o d s :
C o l l a g e n  f i b e r  b u n d l e s  w e r e  f a b r i c a t e d  u s i n g  d i r e c t e d  c o l l a g e n  g e l  s h r i n k a g e .  N e o n a t a l  r a t
a o r t i c  s m o o t h  m u s c l e  c e l l s  w e r e  m i x e d  w i t h  a c i d - s o l u b i l i z e d  t y p e  I  r a t - t a i l  c o l l a g e n  a n d  g e l l e d
w i t h i n  s i l i c o n  r u b b e r  w e l l s  o f  v a r i a b l e  g e o m e t r y.   S i n g l e - b r a n c h e d  c o n s t r u c t s  a s  w e l l  a s  m o r e
c o m p l e x  g e o m e t r i e s  w e r e  d e v e l o p e d ,  a n d  s t a t i c  a n d  d y n a m i c  l o a d i n g  p r o t o c o l s  w e r e  e x p l o r e d
d u r i n g  8  w e e k s  o f  c u l t u r e .   A d d i t i o n a l  c o l l a g e n  c o n s t r u c t s  w e r e  c u l t u r e d  s e p a r a t e l y  f o r  4  w e e k s
u n d e r  s t a t i c  t e n s i o n ,  a n d  t h e n  p l a c e d  i n  d i r e c t  c o n t a c t  w i t h  e a c h  o t h e r  a n d  c u l t u r e d  f o r  a n
add i t i ona l  4  week s  t o  i n v e s t i ga t e  how  we l l  t h e y  i n t eg ra t e  t oge t he r.  Cu l t u r e  med i um  op t im i za t i on
was  ca r r i ed  ou t  b y  va r y i ng  t he  nu t r i en t  makeup  o f  t e s t  c u l t u r e s  and  a s sa y i ng  f o r  c e l l  and  co l l agen
c o n t e n t  a f t e r  4  w e e k s  o f  c u l t u r e .  B i o r e a c t o r  d e s i g n  i n v o l v e d  t h e  e v a l u a t i o n  o f  n u m e r o u s  h o l d e r
m a t e r i a l s  a n d  g e o m e t r i e s ,  a n d  t h e  u s e  o f  c o n s t a n t  s t r a i n  o r  c o n s t a n t  t e n s i o n  c u l t u r e  s y s t e m s .
S tandard b iochemica l ,  h i s to log ica l ,  and microscop ic  techn iques  were  used to  ana lyze  the  cons t ruc t s .
A l l  c o n s t r u c t s  w e r e  a l s o  t e s t e d  m e c h a n i c a l l y  t o  e v a l u a t e  t h e  e f f e c t s  o f  g e o m e t r y  a n d  c u l t u r e
c o n d i t i o n s  o n  m e c h a n i c a l  s t r e n g t h .  E l a s t i n  s h e e t s  w e r e  g r o w n  b y  c u l t u r i n g  c e l l s  o n  c r o s s - l i n k e d
hya l u ronan  s ub s t r a t e s ,  t e x t u r i z ed  b y  UV  l i gh t  i r r ad i a t i on  t o  enhance  c e l l s  a t t a chmen t  and  ma t r i x
s yn the s i s .

R e s u l t s  a n d  C o n c l u s i o n s :R e s u l t s  a n d  C o n c l u s i o n s :R e s u l t s  a n d  C o n c l u s i o n s :R e s u l t s  a n d  C o n c l u s i o n s :R e s u l t s  a n d  C o n c l u s i o n s :
The  deg r ee  o f  compac t i on ,  and  hence  mechan i ca l  s t r eng t h ,  va r i ed  w i t h  mo ld  geome t r y  and  o t he r
c u l t u r e  p a r a m e t e r s .  S t a t i c  a n d  d y n a m i c  l o a d i n g  p r o d u c e d  s t r o n g e r  c o n s t r u c t s  t h a n  d i d  c u l t u r e
u n d e r  c o n s t a n t  s t r a i n .  T h e  u s e  o f  p o l y e s t e r  m e s h  p r o d u c e d  g r e a t e r  c o l l a g e n  c o m p a c t i o n  a n d
s t ronger  cons t ruc t s  tha t  d id  the  g lass  f ibe r  mesh  used  or ig ina l l y.  A l though mu l t ib ranched cons t ruc t s
had  accep tab l e  s t r eng th ,  s i ng l e ,  one -d imens iona l  cons t r u c t s  we re  t he  s t r onges t .  Med ium fo r t i f i ed
w i t h  t r a ce  e l emen t s  and  v i t am in s  enhanced  ce l l  p ro l i f e ra t i on  and  co l l agen  s yn t he s i s  b y  200% and
3 0 0 %  r e s p e c t i v e l y.  E x h a u s t i v e  o p t i m i z a t i o n  o f  c u l t u r e  c o n d i t i o n s  t h e r e f o r e  h a s  a  p o s i t i v e  e f f e c t
on  t he  deve lopmen t  o f  t i s s ue -eng inee red  cons t r u c t s .
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Shee t -Ba sed  T i s sue  Eng inee r i n g

Nico la s  L’Heu r eu x ,  C y t og ra f t

S h e e t - b a s e d  T i s s u e  E n g i n e e r i n g  ( S B T E )  i s  a  m e t h o d  i n  w h i c h  c e l l s  a r e  c u l t u r e d  i n  c o n d i t i o n s  t h a t
p r o m o t e  e x t r a c e l l u l a r  m a t r i x  d e p o s i t i o n  u n t i l  a  s h e e t ,  c o m p r i s e d  o f  l i v i n g  c e l l s  a n d  a  c o m p l e x
e n d o g e n o u s  e x t r a c e l l u l a r  m a t r i x ,  i s  p r o d u c e d .   T h e s e  s h e e t s  c a n  b e  d e t a c h e d  f r o m  t h e  c u l t u r e
s u b s t r a t e  a n d  l a y e r e d  i n t o  v a r i o u s  g e o m e t r i e s  t o  p r o d u c e  a  t h r e e - d i m e n s i o n a l  t i s s u e  o r  o r g a n .
T h i s  a p p r o a c h  m a r k s  a  d r a s t i c  d e p a r t u r e  f r o m  c l a s s i c  t i s s u e  e n g i n e e r i n g  d o c t r i n e  a s  i t  a l l o w s  t h e
p roduc t i on  o f  au t o l ogou s  l i v i ng  t i s s ue s  w i t h  s upe r i o r  mechan i ca l s  p rope r t i e s  w i t hou t  t h e  need  f o r
any  e xogenous  s ca f fo ld i ng .

The c l in i ca l  re levance  o f  th i s  techno logy  has  been recen t l y  conf i rmed by  produc ing T i s sue  Eng ineered
B l o o d  Ve s s e l  ( T E BV )  f r o m  a g e  &  r i s k - m a t c h e d  h u m a n  c e l l s ,  i . e .  f r o m  o l d e r  p a t i e n t s  u n d e r g o i n g
v a s c u l a r  r e c o n s t r u c t i o n  p r o c e d u r e s .   T h e s e  v e s s e l s  d i s p l a y e d  b u r s t  p r e s s u r e s  t w i c e  t h a t  o f  a
s a p h e n o u s  v e i n  a s  w e l l  a s  n e a r  p h y s i o l o g i c a l  c o m p l i a n c e  a n d  s u t u r e  r e t e n t i o n  s t r e n g t h .   T h e s e
a g e  &  r i s k- m a t c h e d  h u m a n  T E BV s  w e r e  g r a f t e d  i n  a t h y m i c  r a t s  f o r  u p  t o  2 5 0  d a y s  a n d  d i s p l a y e d
remarkab l e  t i s s ue  i n t eg ra t i on  and  r emode l i ng .   I n  p r ima te s ,  TEBV  d iame te r s  we re  c l o se l y  f o l l owed
f o r  8  w e e k s  t o  d e m o n s t r a t e  m e c h a n i c a l  i n t e g r i t y  d u r i n g  t h e  c r i t i c a l  p h a s e  o f  t i s s u e  i n t e g r a t i o n .
F u t u r e  v a s c u l a r  a p p l i c a t i o n s  o f  t h i s  n e w  p l a t f o r m  t e c h n o l o g y  i n c l u d e  t h e  p r o d u c t i o n  o f  v a s c u l a r
pa t che s  and  cove red  s t en t s .
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Ro le  o f  NELL -1  i n  Bone  Fo rmat i on ,  Fu s i on ,  and  Regenera t i on .

1Cowan  CM ,  2Agha loo  T,  2Zhang  X ,  1Chou  YF,  1 ,2Wu  BM,  2T i ng  K
1Depar tmen t  o f  B ioeng inee r i ng ,  UCLA ,  Lo s  Ange l e s ,  CA
2Den ta l  and  Cran io fac ia l  Re sea r ch  I n s t i t u t e ,  UCLA ,  Lo s  Ange l e s ,  CA

I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :I n t r o d u c t i o n :
Ne l - l i k e ,  t y pe  1  mo l e cu l e  (Ne l l - 1 )  i s  a  s e c r e t o r y  mo l e cu l e  i n vo l v ed  i n  bone  f o rma t i on ,  f u s i on ,  and
r e g e n e r a t i o n .   N e l l - 1  w a s  f i r s t  d i s c o v e r e d  a s  b e i n g  o v e r - e x p r e s s e d  d u r i n g  p r e m a t u r e  c r a n i a l
s u t u r e  c l o s u r e  i n  h u m a n  c r a n i o s y n o s t o s i s .   N e l l - 1  s i g n a l s  d o w n s t r e a m  o f  C b f a 1  a n d  s u f f i c i e n t  t o
i n d u c e  o s t e o b l a s t  d i f f e r e n t i a t i o n  a n d  b o n e  f o r m a t i o n .   Tr a n s g e n i c  m i c e  o v e r - e x p r e s s i n g  N e l l - 1
d i s p l a y  s u t u r e  o v e r g r o w t h ,  w h i l e  N e l l - 1  t r e a t m e n t  o f  n o r m a l  c a l v a r i a l  s u t u r e s  i n d u c e s  s u t u r e
ove rg row th .   I n  cu l t u r e ,  Ne l l - 1  spec i f i c a l l y  a c ce l e ra t e s  a l ka l i ne  phospha ta se  e xp re s s i on  and  bone
nodu le  m ine ra l i za t ion  o f  os teob las t s .   I n t e res t i ng l y,  e xces s i ve  Ne l l -1  s t imu la t ion  l eads  to  os teob las t
a p o p t o s i s .   T h e  d i s c o v e r y  o f  N e l l - 1  i n  c r a n i o s y n o s t o s i s  p r e s e n t s  a  p o t e n t i a l  f o r  b o n e  g r o w t h  i n
other acquired and congeni ta l  craniofac ia l  deformi t ies .   Cl in ical  problems requir ing bone regenerat ion
a r e  d i v e r s e  a n d  n o  s i n g l e  r e g e n e r a t i o n  a p p r o a c h  w i l l  l i k e l y  r e s o l v e  a l l  i n j u r i e s .   T h e  c u r r e n t
research  u t i l i zes  b iodegradable  PLGA sca f fo lds  coa ted w i th  Ne l l -1  for  acce le ra ted bone regenera t ion
w i t h i n  t h e  c a l v a r i a .   M a n y  r e g e n e r a t i o n  s t r a t e g i e s  u s e  B M P- 2  f o r  t r e a t m e n t ,  b u t  w i t h  l i m i t e d
su c ce s s .   T he  u s e  o f  Ne l l - 1  may  o ve r come  some  o f  t h e  p rob l ems  a s so c i a t ed  w i t h  BMP-2 ,  i n c l ud i ng
i t ’ s  spec i f i c i t y  f o r  o s t eob la s t s .

M e t h o d s :M e t h o d s :M e t h o d s :M e t h o d s :M e t h o d s :
P L G A  s c a f f o l d s  w e r e  c o a t e d  w i t h  2 0 0  n g  o f  r N e l l - 1 ,  r h B M P- 2 ,  o r  n o  g r o w t h  f a c t o r  a n d  i m p l a n t e d
i n t o  3  m m  f u l l - t h i c k n e s s  c a l v a r i a l  d e f e c t s  i n  S p r a g u e - D a w l e y  r a t s .   R a t s  w e r e  s a c r i f i c e d  a f t e r  1 ,
2 ,  o r  4  w e e k s  a n d  e x a m i n e d  b y  m i c r o C T.   A d d i t i o n a l  r a t s  w e r e  l i v e  i m a g e d  w i t h  a  m i c r o C T  ( I m t e k
I n c . ,  K n o x v i l l e ,  T N )  o n  w e e k  2 ,  4 ,  8 ,  a n d  1 2  f o r  i n v e s t i g a t i o n  o f  b o n e  r e g e n e r a t i o n  i n  i n d i v i d u a l
an ima l s .   Ten  m i c ron  t h i c k  pa ra f f i n - embedded  sec t i on s  we re  e xamined  h i s t o l og i ca l l y  w i t h  Mas son -
G o l d n e r  Tr i c h r o m e  s t a i n .   I m m u n o h i s t o c h e m i s t r y  f o r  B R D U  ( S a n t a  C r u z  B i o t e c h ,  S a n t a  C r u z ,  C A )
was  u sed  t o  e xam ine  p ro l i f e ra t i on  a s  p r e v i ou s l y  de s c r i bed .

R e s u l t s :R e s u l t s :R e s u l t s :R e s u l t s :R e s u l t s :
M i c roCT  ana l y s i s  a l l owed  f o r  quan t i f i c a t i on  o f  a r ea  and  vo l ume  w i t h i n  t he  de f e c t s  o ve r  t ime .   L i v e
imag ing ,  h igh  r e so lu t i on  m i c roCT  ana l y s i s ,  and  h i s to logy  demons t ra t ed  i n c reas ing  bone  fo rma t ion
in  ind i v idua l  an ima l s .

D i s c u s s i o n :D i s c u s s i o n :D i s c u s s i o n :D i s c u s s i o n :D i s c u s s i o n :
C a l v a r i a l  d e f e c t  h e a l i n g  i s  a u g m e n t e d  w i t h  g r o w t h  f a c t o r  i m p l a n t a t i o n .   N e l l - 1  a n d  B M P- 2  a r e
b o t h  k n o w n  t o  i n d u c e  b o n e  f o r m a t i o n  i n  v i v o ;  h o w e v e r,  t h e  t r a n s i t i o n  f r o m  a n i m a l  s t u d i e s  i n t o
c l i n i c a l  s t u d i e s  h a s  b e e n  o n l y  m i l d l y  s u c c e s s f u l  w i t h  B M P- 2 .   T h e  a b i l i t y  o f  N e l l - 1  t o  a c c e l e r a t e
b o n e  f o r m a t i o n  m a y  r e l a t e  t o  t h e  d e c r e a s e  i n  t h e  n u m b e r  o f  p r o l i f e r a t i v e  c e l l s  w i t h i n  t h e  d e f e c t ,
s u g g e s t i n g  t h a t  N e l l - 1  i n f l u e n c e d  c e l l s  o u t  o f  a  p r o l i f e r a t i v e  p h a s e  a n d  i n t o  a  d i f f e r e n t i a t e d
p h a s e .   N e l l - 1 ’ s  a b i l i t y  t o  a c c e l e r a t e  c a l v a r i a l  b o n e  r e g e n e r a t i o n ,  e q u i v a l e n t  t o  B M P- 2 ,  m a y
p rov ide  an  a l t e rna t i v e  non -BMP-based  pa rad igm fo r  t he  s t udy  o f  ca l va r i a l  bone  hea l i ng  and  f u t u r e
t i s sue  eng inee r i ng  s t ud i e s .
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M e c h a n i c s  o f  B i o l o g i c a l  a n d  H y b r i d  M a t e r i a l  S y s t e m s .

S r idha r  Narayanaswamy ,  Rockwe l l  S c i en t i f i c ,  Thousand  Oaks ,  CA

Na tu ra l  b io log i ca l  ma te r ia l s  such  a s  bone  and  seashe l l  a re  nanocompos i t e s  o f  p ro t e in  and  m ine ra l
w i t h  t h e  t oughne s s  o f  p ro t e i n  and  t h e  s t i f f n e s s  o f  m ine ra l .  A l t hough  t h e s e  ma t e r i a l s  a r e  gene ra l l y
complex  w i th  many  order s  o f  h ie ra rch i ca l  s t ruc tu res ,  a t  the  mos t  fundamenta l  l eve l  o f  the  nanosca le ,
t h e s e  s y s t e m s  e x h i b i t  e x t r a o r d i n a r y  s i m p l i c i t y  a n d  e l e g a n c e .   S i m p l e  m o d e l s  w i l l  b e  p r e s e n t e d  t o
s h o w  t h a t  t h e  s e l e c t i o n  o f  t h e  n a n o m e t e r  l e n g t h  s c a l e  p l a y s  a  k e y  r o l e  i n  b i o l o g i c a l  s y s t e m s
ach i e v i ng  s upe r i o r  ma t e r i a l  p r ope r t i e s .   F o r  i n s t an ce  a t  t h i s  l e ng t h  s ca l e ,  t h e  m ine ra l  p l a t e l e t s  i n
b o n e  a c h i e v e  o p t i m u m  s t r e n g t h  a n d  t h e  s p a t u l a  s t r u c t u r e  o f  G e c k o  a c h i e v e s  o p t i m u m  a d h e s i v e
s t r e n g t h  e v e n  i n  t h e  p r e s e n c e  o f  f l a w s .   F u r t h e r m o r e ,  m o d e l s  w i l l  b e  p r e s e n t e d  f o r  e s t i m a t i n g  t h e
s t i f f n e s s  and  f r a c t u r e  ene rg y  o f  b i o compos i t e s  and  i den t i f y  t h e  impo r t an t  pa rame t e r s  r e spon s i b l e
fo r  t he  supe r i o r  mechan i ca l  p rope r t i e s  a ch i e ved  by  b io l og i ca l  nanos t r u c t u r e s .
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Os teogen ic  Po tent i a l  o f  PLA Der i ved  Adu l t  S tem Ce l l s .

San jay  Dhar ,  Ph .D. ,  UC I

Human processed  l ipoasp i ra ted  (PLA )  de r i ved  s t em ce l l s  have  been  induced  in to  the  bone ,  ca r t i l age ,
and  f a t .  Compared  w i t h  c e l l s  ha r ve s t ed  b y  bone -mar row  a sp i ra t i on ,  P LA  ce l l s  a r e  ea s i e r  t o  ob ta i n ,
h a v e  l o w e r  d o n o r- s i t e  m o r b i d i t y,  a n d  a r e  a v a i l a b l e  i n  l a r g e r  n u m b e r s  w h i c h  e l i m i n a t e s  t h e  n e e d
f o r  c o s t l y  a n d  l e n g t h y  t i s s u e - c u l t u r e  e x p a n s i o n .  I s o l a t i o n  o f  s i n g l e  c e l l  p o p u l a t i o n s  o f  t h e s e  c e l l s
h a s  s h o w n  t h a t  t h e y  h a v e  a t  l e a s t  p o t e n t i a l  t o  f o r m  o s t e o g e n i c  p h e n o t y p e  u s i n g  o s t e o g e n e s i s
spec i f i c  med ia .   Our  s tudy  has  shown tha t  the  os teogen i c  d i f f e ren t ia t ion  o f  these  ce l l s  pos t  i nduc t ion
can  be  p ro l onged  f o r  an  e x t ended  pe r i od  o f  t ime .  Thu s ,  ADSC ’ s  may  be  an  i dea l  s ou r ce  f o r  f u r t he r
e xpe r imen t s  on  s t em  ce l l  b i o l ogy  and  r egene ra t i v e  med i c i ne .
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S i gna l  Tran sduc t i on  Pa thways  I nvo l ved  i n  ASC  Os teogen i c  Commi tment  &  D i f f e ren t i a t i on .

Pa t r i c i a  Zuk ,  Ph .D. ,  R egene ra t i v e  B i oeng inee r i ng  &  Repa i r  Labo ra to r y ;  Depa r tmen t  o f  Su rge r y,
Dav id  Ge f f en  S choo l  o f  Med i c i ne  a t  UCLA ;  Lo s  Ange l e s ,  CA

P r e l i m i n a r y  s t u d i e s  h a v e  r e c e n t l y  i d e n t i f i e d  a  p u t a t i v e  s t e m  c e l l  p o p u l a t i o n  w i t h i n  t h e  a d i p o s e
s t r o m a l  c o m p a r t m e n t .  T h i s  c e l l  p o p u l a t i o n ,  t e r m e d  A d i p o s e - d e r i v e d  S t e m  C e l l s  ( A S C s ) ,   A d i p o s e - d e r i v e d  S t e m  C e l l s  ( A S C s ) ,   A d i p o s e - d e r i v e d  S t e m  C e l l s  ( A S C s ) ,   A d i p o s e - d e r i v e d  S t e m  C e l l s  ( A S C s ) ,   A d i p o s e - d e r i v e d  S t e m  C e l l s  ( A S C s ) ,  c a n
be i so la ted f rom human l ipoasp i ra tes  and d i f fe ren t ia tes  toward the os teogenic ,  ad ipogenic ,  myogenic
a n d  c h o n d r o g e n i c  l i n e a g e s .  H o w e v e r,  t h e  A S C  p o p u l a t i o n ,  u p o n  h a r v e s t  a n d  i n i t i a l  c u l t u r e ,  i s
he t e rogenous .  The r e f o r e ,  t o  con f i rm  t he  p r e s ence  o f  a  s t em  ce l l  popu la t i on  w i t h i n  ad i po se  t i s s ue ,
c l o n a l  d e r i v a t i v e s  a r e  n e c e s s a r y.  L i k e  t h e  h e t e r o g e n o u s  p o p u l a t i o n ,  s i n g l e  A S C - d e r i v e d  c l o n e s
p o s s e s s  m u l t i p l e  m e s o d e r m a l  p o t e n t i a l s ,  i n d i c a t i v e  o f  a  m u l t i p o t e n t / s t e m  c e l l  c a p a c i t y.   To  s t u d y
the mechanisms behind the clonal ASC osteogenic phenotype dif ferent iat ion, mult iple s ignal transduct ion
pa t hway s  i n  ASC  c l one s  w i t h  r e s t r i c t ed  l i n eage  po t en t i a l s  we r e  e xam ined .  To  t h i s  end ,  ASC  c l one s
w i t h  a d i p o g e n i c ,  o s t e o g e n i c  a n d  c h o n d r o g e n i c  ( A O C  c l o n e s )  w e r e  c o m p a r e d  t o  c l o n e s  w i t h  i n
addi t ion to  more adipogenic/chondrogenic  (AC c lone)  us ing microarray and convent ional  b iochemical
a s sa y s .  The  t r i - l i n eage  AOC c l one s  we r e  f ound  t o  e xp r e s s  mu l t i p l e  s i gna l  t r an sduc t i on  gene s  t ha t
cou ld  be  o rgan i zed  in to  we l l - e s tab l i shed  pa thways  invo l ved  in  s t em ce l l  d i f f e ren t ia t ion .  I n  add i t i on ,
s i g n i f i c a n t  d i f f e r e n c e s  i n  s e v e r a l  o f  t h e  g e n e s  o f  t h e  M A P KM A P KM A P KM A P KM A P K  s i g n a l i n g  c a s c a d e  w e r e  m e a s u r e d
b e t w e e n  t h e  A O C  a n d  A C  c l o n e s  u s i n g  b o t h  m i c r o a r r a y  a n d  r e a l - t i m e  P C R  a n a l y s i s ,  s u g g e s t i n g
t h a t  t h i s  s i g n a l  t r a n s d u c t i o n  p a t h w a y s  p l a y s  a  r o l e  t h e  o s t e o g e n i c  p h e n o t y p e .  F i n a l l y,  o s t e o g e n i c
i n d u c t i o n  o f  t h e  h e t e r o g e n o u s  A S C  p o p u l a t i o n  a p p e a r s  t o  c o n f i r m  t h e  r o l e  o f  M A P K  s i g n a l i n g  i n
os t eogenes i s .
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Directions from Ventura:

Take the Ventura Freeway 101 South. 
Take Lynn Road Exit, turn left, drive 2.9 
miles. 
Lynn Road turns into Olsen Road, drive 
0.9 miles. 
Turn right onto Mt. Clef Blvd. - the 
University is on the right – park in the lot 
to immediately to your right.

Directions from Los Angeles:

Take the Ventura Freeway 101 North. 
Take Lynn Road Exit, turn right, drive 2.9 
miles. 
Lynn Road turns into Olsen Road, drive 
0.9 miles. 
Turn right onto Mt. Clef Blvd. - the 
University is on the right – park in the lot 
to immediately to your right.
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Please mark your  ca lenders  for
these  upcoming meet ings.

Third Annual Los Angeles Tissue

Engineering  Meeting

Saturday, December 3, 2004

California Lutheran University
Thousand Oaks, California

Sponsored by:
Baxter BioScience

The Department of BioEngineering
at California Lutheran University

December 2005

Fourth Annual California Tissue
Engineering Meeting

Friday, October 7, 2005
Saturday, October 8, 2005

University of California, Irvine
Irvine, California

O c t o b e r  2005

We  l ook  f o rward  t o  s ee ing
you  nex t  yea r  a t  t he se
in f o rma t i ve  mee t i n g s .

Member s  o f  t he  Na t i ona l  Ti s sue  Eng inee r i ng
I n i t i a t i ve  Coa l i t i on  (NTE IC )
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    /FRA <>
    /DEU <>
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    /DAN <>
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    /NOR <>
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>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


