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STEM CELL/CELL THERAPY 



TISSUE ENGINEERING 



GENE THERAPY 



BIOMATERIALS 
DEVICES/ IMPLANTS 



ANTI AGING MEDICINE 

E ar ly  d e tec t io n , p r ev en t io n , t r ea tm en t , an d  
r ev er s a l  o f  ag e-r e la ted  d y s fu n c t io n , 
d is o r d er s , an d  d is eas es . 



ENHANCEMENT OF ENDOGENOUS 
REGENERATION 



DIFFERENT REGENERATIVE CAPACITIES OF THE HEARTS OF ADULT 
HUMANS, ADULT ZEBRAFISH AND NEONATAL MICE 





REGENERATION OF THE MAMMALIAN 
NEONATAL HEART 

In  neonata l m ice , the  early  response to  ca rd iac in ju ry-induced  ca rd iom yocyte  loss inc ludes in flam m ato ry in filtra tion , 
activa tion  o f ep ica rd ia l-specific  genes and  ang iogenesis . G loba l p ro life ra tion o f ca rd iom yocytes in  the  in ju red  heart 
rep laces the  scar tissue  w ith  ca rd iom yocytes and  resto res ca rd iac function  w ith in  3  w eeks a fte r the  in ju ry. 



a | R egu la tion  o f card iom yocyte p ro life ra tion  by  fib rob las t g row th  fac to r 1  (FG F1) and neuregu lin  1  
(N R G 1). Inh ib ition o f the  M A P K  p38 in  the  p resence o f FG F1 or the  ac tiva tion o f N G R 1 s igna lling  
p rom otes card iom yocyte  re -en try in to  the  ce ll cyc le  by  ac tiva ting  P I3K , lead ing  to  D N A syn thesis  and 
cy tok inesis . H ow ever, m ost card iom yocytes in  m ice  becom e b inuc lea ted  shortly  a fte r b irth  as  a  
consequence o f D N A rep lica tion w ithout ce ll d iv is ion . b  | R egu la tion  o f card iom yocyte p ro life ration  by  
m icroR N A s (m iR N A s). m iR N A s can  pos itive ly (m iR -590-3p  and m iR -199a-3p) o r negative ly  (m iR -15 
fam ily, inc lud ing  m iR -195) regu la te  card iom yocyte p ro life ration . m iR -590-3p  and m iR -199a-3p  p rom ote  
card iom yocyte  p ro life ra tion  by  inh ib iting  the  express ion  o f genes encod ing  pro te ins tha t inh ib it ce ll 
p ro life ra tion such  as H O M E R 1, H O P hom eobox (H O P X ) and ch lo ride  in trace llu la r channe l 5  (C LIC 5). 
The m iR -15  fam ily  o f m iR N A s inh ib its  the  ce ll cyc le , and  thus card iom yocyte  p ro life ra tion, by  dow n-
regu la ting genes encod ing  pro te ins tha t ac tiva te  the  ce ll cyc le . C D K s, cyc lin -dependent k inases; 
C H E K 1, checkpoin t k inase  1 ; FG FR , FG F receptor. 



A  m o d el  o f  h ear t  r eg en era t io n  in  zeb ra f is h . A m puta tion  
induces cxcl12a-cxcr4b-dependent d irected m igra tion  o f C M s in to  the  
in ju ry  s ite . C M  pro life ra tion  and neo-vascu lariza tion  are  regu la ted  
independently  from  C M  m igra tion . C oord ina ted progress ion  o f these 
processes regenera tes the  in ju red heart. The orange c irc les represent 
p ro life ra ting  C M s. 



ROUTES OF REGENERATION 
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• D ed iffe ren tia tion  
• Transd iffe ren tia tion  
• R eprogram m ing 
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DEDIFFERENTIATION AND HEART 
REGENERATION. 
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DEDIFFERENTIATION AND HEART 
REGENERATION. 
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EXPERIMENTAL 
TRANSDIFFERENTIATION  



M ethods o f d irec t card iac  reprogram m ing. S evera l approaches fo r converting m ouse or ra t fib rob lasts to  
card iom yocyte -like  ce lls  in  v itro  and in  v ivo  have been reported and are  sum m arized  here . In  v itro  
reprogram m ing predom inantly  y ie lds  partia lly  reprogram m ed ce lls , w h ile  in  v ivo  reprogram m ing y ie lds  
m ore  m ature , fu lly  reprogram m ed card iom yocyte-like  ce lls . iC M s denotes induced card iom yocytes  

C hen H , e t a l. B ioM ed R esearch  In te rna tiona l Vo lum e 2015, A rtic le  ID  580406, 8  pages  



A  s u g g es ted  h y p o th es is  o n  th e  r o le  o f  ex o s o m es  r e leas ed  f r o m  a  d am ag ed  h ear t  as  a  p o ten t ia l  
in te r c e l lu la r  c o m m u n ic a to r.  

S u s m i ta  S ah o o , an d  D o u g las  W . L o s o rd o  C i r c u la t io n  
R es earc h . 2014;114:333-344 

C opyrigh t ©  A m erican H eart A ssocia tion , Inc. A ll righ ts  reserved. 

E xosom es can carry  
s igna ling  m o lecu les  to  
ac tiva te  loca l tissues 
(C  ind ica tes  
card iom yocytes; E , 
endothe lia l ce lls ; F, 
fib rob las ts; and  S , 
s tem  ce lls ) and  d is tan t 
o rgans such  as bone 
m arrow  (B M ). 
Furtherm ore , the  
exosom es re leased 
from  progen ito r ce lls  
and  the  reprogram m ed 
B M  can reprogram  the  
ischem ic  tissues o f the  
heart, induc ing  
pro tec tion and 
regenera tion  
(illus tra tion cred it: B en 
S m ith ). 

Presenter
Presentation Notes
A suggested hypothesis on the role of exosomes released from a damaged heart as a potential intercellular communicator. Exosomes can carry signaling molecules to activate local tissues (C indicates cardiomyocytes; E, endothelial cells; F, fibroblasts; and S, stem cells) and distant organs such as bone marrow (BM). Furthermore, the exosomes released from progenitor cells and the reprogrammed BM can reprogram the ischemic tissues of the heart, inducing protection and regeneration (illustration credit: Ben Smith).



C el l  th e r ap y  an d  t i s s u e  en g in eer in g  ap p r o ac h es  fo r  c a r d io v as c u lar  d is eas e  th e r ap y . 
H eart fa ilu re  due  to  ischem ic heart d isease  o r gene tic  d iso rders rem a ins a  m a jo r hea lthcare burden . 
P o ten tia l nove l trea tm ent op tions inc lude  transp lanta tion o f iP S C -C M s o r E S C -C M s, as w e ll as d irect in  v ivo  
rep rogram m ing  o f ca rd iac fib rob lasts  in  the  scar reg ion  to  iC M s. The  regenerative  capacity  o f adu lt s tem  and  
p rogenito r ce ll popu la tions is  a lso  be ing  eva lua ted. T issue  eng ineering is  a  new  m ethod  tha t a im s to  re -
m uscu la rize  dam aged  m yocard ium  v ia  transp lan ta tion o f in  v itro  eng ineered  heart m uscle  m ade  from  iP S C -
C M s o r E S C -C M s. [E H M (E ng ineered  H eart M uscles)] 



NANOTECHNOLOGY AND 
REGENERATIVE MEDCINE  



NANOTECHNOLOGY 



NANOTECHNOLOGY IN CELL THERAPY 

• C e ll track ing  &  
im ag ing 
 

• C e ll ta rgeting   
 

• C e ll re ten tion  

M ag n et ic  
r es o n an c e 
im ag in g  o f  in  
s i tu  lab e led  
n eu r a l  
p r ec u r s o r  
c e l l  
m ig r a t io n .  



NANOTECHNOLOGY IN 
CELL PROCESSING 



INTRACELLULAR NANOSURGERY 

R em ova l o f the  G olg i com plex  
from  a  liv ing  ce ll 



NANOTECHNOLOGY 
IN TISSUE 
ENGINEERING 

• M im ick ing  the  
nature ! 

• S m art 
sca ffo lds! 



Nanofibrous scaffolds  

30  
Ravichandran, R. et al. Macromol. Biosci. 2013, 13, 366–375 

A functional scaffold developed 
from natural polymers 
(hemoglobin/gelatin/fibrinogen 
(Hb/gel/fib), crosslinked with a 
natural crosslinking agent, phytic 
acid. Pretreatment of  
mesenchymal stem cells (MSCs) 
using 5-azacytidine and such a 
functional nanofibrous construct 
having a high oxygen carrying 
potential could lead to enhanced 
cardiomyogenic differentiation of 
MSCs. 



CONDUCTIVE NANOFIBROUS CARDIAC PATCH 

 
 

 
 
 
 
 
 

       PU                                            PU+CNT 
G hanbari, H . e t a l. 
unpub lished data  



Schematic of a three-layered vascular graft 
scaffold with different fiber alignment for each 
layer. 

Nanofibrous Vascular Grafts 

Inner layer with linearly aligned 
nanofibers – providing longitudinal 
mechanical strength and laminar 
flow of the blood. 

Middle layer with perpendicularly 
wrapped nanofibers – main 
mechanical support preventing 
bursting of the graft. 

Outer layer with randomly 
deposited nanofibers – providing 
integration with sorrounding 
tissues. 

Courtesy of Seeram Ramakrishna, NUS Center for Nanofibers & Nanotechnology 



Nanofibrous tissue engineering bypass graft (PU) 

Ghanbari, H. et al. unpublished data 
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A B 

C D 

The effect of 
aminolysis on 
cell attachment 
and proliferation  
(HUVEC cells 
cultured on 
pristine PU (a,c) 
and aminolysed 
nanofibers 
(b,d)). 

Ghanbari, H. et al. unpublished data 



3D BIOPRINTING OF TISSUES AND ORGANS 



NANOTECHNOLOGY AND MEDICAL 
IMPLANTS IMPLANTS 
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N anocom pos ite  heart va lve  w ith  se lf-
endothe lia lisa tion  po ten tia l 
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A ) L ive  ligh t m icroscopy im ages o f E P C , 
cu ltu red  on  nanocom posite  (N C ) 
sam ples in  (i ) day 7  and  (i i ) day 21 , 
show ing  the  early  sp ind le -shaped 
m orpho logy  in  day 7  has been 
dom ina ted  by the  la te  cobb les tone  
shaped phenotype  in  day 21 . A co lony 
o f E P C  is  m arked w ith  a rrow. 
B ) S cann ing  e lec tron  m icroscopy 
represents  a ttachm ent and  pro life ra tion  
o f E P C  on  nanocom posite  sam ples. 
The  inse t show s ce lls  undergo ing  
d iv is ion . 

 

A  

B  

(i) (ii) 
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CONFLUENT 
LAYER OF ECS 

D 21 (×20)  

D 21 (×40)  
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PERCUTANEOUS HV 

40 

Fu lly  re trievab le  and repositionab le ; ensures enhanced anchoring  and sea ling  
w ithout app ly ing  excess ive  pressure  on the  annu lus and a llow s to  m axim ise  
the  expanded/co llapsed d iam eters ra tio .  



NANOFIBROUS TISSUE ENGINEERING HEART 
VALVE 
 

Ghanbari, H. et al. unpublished data 



Ghanbari, H. et al. unpublished data 



HUVEC on nanofibrous scaffold 

Ghanbari, H. et al. unpublished data 



T&G Myofibroblast on nanofibrous scaffold 

Ghanbari, H. et al. unpublished data 
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Tissue engineering bladder 
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Core shell PEO/PU nanofibers for tissue 
engineering bladder, a)1%PEO, b)2% PEO, 
c)3% PEO and d) 4% PEO; submitted data 



47  

TEM images 
of PEO/PU 
core shell 
nanofibers 
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Core shell 
nanofibrous 
scaffold for 
Tissue 
engineering 
bladder, 
submitted 
data  



49  
Culture of SMC on 
nanofibrous scaffold 
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