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Immunogenetics = 
immunology + genetics 

• An overview of immunology 
• An overview of genetics 
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What dangers have determined the evolution of 
the immune system? 
 
The invasion of multicellular and complex 
organisms by: 
 
- MICROORGANISMS 
- EXTRANEOUS GENES (nucleic acids) 
- OWN CELLS MUTATED 
- ?* 



Three defense strategies: 
       1. Shell 

       2. Innate immunity 

       3. Acquired (or adaptive)  

 immunity 
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Shell: 

Evoluzione di una barriera   

continua, elastica e  

resistente 
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Shell: 

Evolution of a continuous, 

elastic and resistant barrier 
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Shell:  

Efficacy depends on three 

mechanisms 

    1. Physical 

                     2. Chemical 

                          3. Biological 
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Weaknesses: 
1.   The mucus membranes 

  of the gastrointestinal tract 

  of the respiratory system 

  of the genital apparatus 
 
2. Skin        Trauma 
                        Environmental conditions 
 
3. Apparatus    Eye, ear...  
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INNATE AND ACQUIRED 
IMMUNITY 

T Lymphocytes 

B Lymphocytes 

DCs 

Monocyte/ 
macrophage 

Neutrophil 

Basophil 

Eosinophil 

Complement 

NK cells 
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Features of acquired immune 
response 

•  Specificity (antigens, epitopes) 

•  Diversity (repertoire, over 1015) 

•  Discrimination between self and non-
self 

•  Memory 
Clonal selection theory, Jerne e Burnet, years ‘50 
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SIGNALS RECOGNITION OF 
ANTIGENS BY T 
LYMPHOCYTES 

RECOGNITION OF ANTIGENS 
BY B LYMPHOCYTES 

13 



Tools with which to study the 
ontogeny of lymphocytes 

•  Analysis of cancer cell lines 

•  Bone marrow and fetal thymus 
cultures 

•  KO mice 

•  Immunodeficiencies  
14 



Discovery of the rearrangement 
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B cell receptor for antigen (BCR) 
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Discovery of the rearrangement 
of Ig genes 

-  •  Years ’50: diversified V regions, 
conserved C regions 

•  1965, Dreyer and Bennett. Ig 
are encoded by two different 
genes 

•  1976, Tonegawa. Formal proof 
through hybridization 
techniques 17 



Tonegawa’s experiment 
(Nobel prize in 1987) 
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The genetic mechanisms implicated 
in the synthesis of an immunoglobulin
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Rearrangement of the DNA encoding 
for an immunoglobulin
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Mechanisms of rearrangement 
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Rag1 and Rag2 genes are both necessary 
and sufficient to promote the rearrangement 
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GLOSSARY 
•  Histocompatibility (transplantation) antigens: 

Antigens on tissues and cells that determine 
their rejection when grafted between two 
genetically different individuals; 

•  Major histocompatibility (MHC) antigens: 
Histocompatibility antigens that cause a very 
strong immune response and are most important 
in rejection; 

•  MHC complex: Group of genes on a single 
chromosome encoding the MHC antigens; 

•  HLA (human leukocyte antigens): MHC 
antigens of man (first detected on leukocytes); 

•  H‑2 antigens: MHC antigens of mouse;  24 



Genetic barriers to transplantation 

•  autograft: in the same 
individual 

•  isograft: between 
genetically Identical 
individuals, i.e., identical 
twins (inbred animals) 

•  allograft: between 
individuals of the same 
species 

•  xenograft: between 
individuals of different 
species 25 



Xenograft: Grafts between members of 
different species (also known as heterologous, 

xenogeneic or hetero- grafts); 
Allograft: Grafts between two members of the 

same species (also known as allogeneic or 
homo- graft); 

Isograft: Grafts between members of the same 
species with identical genetic makeup (identical 

twins or inbred animals);  
 
 



The laws of transplantation 

27 



LAWS OF TRANSPLANTATION: 

•  An immunocompetent host recognizes the 
foreign antigens on grafted tissues (cells), 
and mounts an immune response which 
results in rejection.  On the other hand if 
an immunocompromised host is grafted 
with foreign immunocompetent lymphoid 
cells, the immunoreactive T-cells in the 
graft recognize the foreign antigens on the 
host tissue and cause their damage. 

28 



Discovery of Human MHC 
•  Recognition of a graft as self or foreign is an 

inherited trait 
•  histocompatibility genes: differences between 

self and foreign were attributed to their genetic 
polymorphisms 

•  Mouse study: identification of MHC locus  

•  Human MHC  
      In study with transplanted patients discovered 

„human leukocyte antigens“ HLAs 
      HLA-A, HLA-B, HLA-C (class I MHC genes) 
     In study of mixed leukocyte reaction identified 

HLA-DR, HLA-DP, HLA-DQ (class II MHC 
genes  



GENETIC MHC COMPLEX WAS FIRST IDENTIFIED 
AS GENETIC REGION THAT CONTROLLED THE TRANSPLANT REJECTION 
AMONG DIFFERENT INBRED STRAINS OF MICE (Snell, 1940) 
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We saw that in the mouse a 
genetic region (MHC) controls 

the cell-mediated rejection 
response. 

 
And in humans? 
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•  Transplants 
•  Future perspectives 

Immunogenetics 
and medicine 



The HLA system 
•  HLA antigens: what are they? 
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HLA map: 1993 

DP        DQ    DR       C4   C2    TNFa,b    HLA-B  HLA-C   HLA-A 

HLA-D 

Class II Class III Class I 

6p21.3 4 Mbp  about 50 genes 
  

(18 genes) 
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The HLA system is 
highly polymorphic 

37 



α1 

α3 

α2 

β2m α2 

α1 

β2 

β1 

Allelic polymorphism is concentrated in 
the peptide antigen binding site 

Polymorphism in the MHC affects peptide antigen binding 
 

Allelic variants may differ by 20 amino acids 

Class II 
(HLA-DR) 

Class I 
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structure of HLA molecules 
•  glycoproteins, heterodimers (two chains) 
•  Structure of HLA molecules of both classes enables 

antigen binding and contact with T cell receptors.  
Extracellulary located peptide binding cleft 

•  polymorphic (predominantly in the cleft). 
•  Nonpolymorphic part of the molecule contains binding sites 

for the T cell molecules CD4 and CD8 



HLA – MHC: basic facts 
•  Two groupes of MHC genes:   

 structurally and functionally distinct 
 class I        recognition by CD8+ T cells 
 class II        recognition by CD4+ T cells 

•  HLA molecules are responsible for the compatibility of  the tissues of 
genetically different individuals and for the rejection of  transplant  

 
•  MHC genes are codominantly expressed in each individual   
•  monozygotic twins have the same histocompatibility  molecules on their 

cells 
•  MHC genes are the most polymorphic genes present in the genome! 

 (Up to 250 alleles identified for some loci) 



MHC expression 

Class I  
On all nucleated cells (no MHC on red blood cells, weak 
expression on cells in CNS) 
 
Class II 
Found on antigen presenting cells 
 



HLA system function 
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MHC Class I pathway 

Figure by Eric A.J. Reits 
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MHC Class I pathway 

Figure by Eric A.J. Reits 
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MHC Class I pathway 

Figure by Eric A.J. Reits 
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MHC Class I pathway 

Figure by Eric A.J. Reits 
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MHC controls post-transplant survival 

•  A graft  is compatible only if there is a complete match at all MHC alleles, i.e. a 
two haplotype match for all MHC loci 
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MHC and Transplants 

•  Organ 
transplants 

•  Haemopoietic 
stem cell 
transplants 

•  Tissue 
transplants 
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Is it still worth typing for HLA donor-
recipient pairs?  

50 

�It is clear the effect of HLA-A, B, DR compatibility 
for all organ transplants, except the liver 
�HLA-DQ and DP compatibility also have a benefit, 
at least in the kidney, and especially in the re-
transplanted and in the immunized 
�10% improvement in 10 years for more 
compatible transplants than those less compatible 
�It's still the parameter that determines the 
effectiveness of transplant 



What criteria guide the choice 
of the most suitable candidate? 

• Legislation principles 
• Biologic principles 
• Ethical principles 

51 
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• Legislation principles 
• Biologic principles 
• Ethical principles 

What criteria guide the choice 
of the most suitable candidate? 



Immune Recognition 
by David Goodsell 

The biological laws of transplants 
•  ABO group  
•  HLA  compatibility 
•  Absence of anti-

tissue antibodies 
specific for the 
donor 

•  Age 
•  …. 
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 La scuola di Atene  
Raffaello Sanzio 
1512 affresco, 772 × ? cm  
Città del Vaticano, Musei Vaticani  
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• Legislation principles 
• Biologic principles 
• Ethical principles 

What criteria guide the choice 
of the most suitable candidate? 



What principles we refer to: 
•  Valuing a limited resource 

Allocate organ to the most suitable 
candidate depending on the probability of 
transplantation success 

•  Justice 
Take into account the gain, in terms of 

predicted lifespan or life quality, 
transplant offers to that candidate 

•  Equity  
Give all candidates equal opportunity 

of access to transplantation 55 



Allocation criteria 
•  Heart  
•  Liver 
•  Lung 
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Allocation criteria 
•  Heart  
•  Liver 
•  Lung 



AB0 compatibility 
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Allocation criteria 
•  Heart  
•  Liver 
•  Lung 
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Allocation criteria 
•  Heart  
•  Liver 
•  Lung 

AB0 compatibility 
Body size 
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Allocation criteria 
•  Heart  
•  Liver 
•  Lung 

AB0 compatibility 
Body size 
Severity of illness 
 
 



AB0 compatibility 
Body size 
Severity of illness 
Seniority in list 
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Allocation criteria 
•  Heart  
•  Liver 
•  Lung 



Procedure of choice of 
transplant receiver 

•  Favour candidates for 
who: 
– can be predicted a high 

probability of 
transplantation success 

– can be predicted the lower 
likelyhhood of re-transplant 
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•  With a procedure that is 
– automatized 
– transparent  
– available for public 

consultation at the regional 
transplantation center 

63 

Procedure of choice of 
transplant receiver 
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Future perspectives:  
applications to public health 

• Stem cells 
•  Tissue 

engineering 
• New 

transplants 

67 
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Future perspectives:  
applications to public health 

• Stem cells 
•  Tissue 

engineering 
• New 

transplants 



u etymology: 
i In english “stem” = plant stalk.  

i Cells with the capacity to self-
renew indefinitely and to 
differentiate in at least one mature 
cell type. 

   You can distinguish: unipotent, 
multipotent, totipotent. 

u definition: 

69 

� In italian the "thread of life" 
was the thread that was linked 
the fate of the men, which the 
Fates spun and cut at the  
appropriate time. 



i Umbilical cord 

i Non-physiological 
sources 

i Embryo 
i Adult organism 

u Where the stem cells are 
recoverable?: 



u Where the stem cells are 
recoverable?: 

i Umbilical cord 

i Non-physiological 
sources 

i Embryo 
i Adult organism 
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Generation of embryonic stem cells 
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DIFFERENTIATION OF EMBRYONIC STEM CELLS 
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What problems? 



u Where the stem cells are 
recoverable?: 

i Umbilical cord 

i Non-physiological 
sources 

i Embryo 
i Adult organism 



Bone Marrow  
Stem Cells 

Hemopoietic stem cells 

Other Cell Types ?? 

Bone Marrow Stem Cells 

Blood Cells 

Mesenchimal stem cells 

Other Cell Types ?? 

Bone Cells 

78 



i bone 
marrow 

i peripheral 
blood 

i brain 

i dental 
pulp 

i vasculature i skeletal 
muscle 

i epidermis 

i digestive 
tract 

i cornea 

i retina 

i  liver 

i pancreas 

Dove troviamo le SC adulte? 

i heart 
 



u Where the stem cells are 
recoverable?: 

i Umbilical cord 

i Non-physiological 
sources 

i Embryo 
i Adult organism 



OGAWA M. 1987 
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u Where the stem cells are 
recoverable?: 

i Umbilical cord 

i Non-physiological 
sources 

i Embryo 
i Adult organism 



• Possibility to re-program their 
genome through different 
technologies. 

From differentiated cells 

83 



Nuclear 
transfer 

Induced 
pluripotent 
cells 

84 

Nuclera transfer 
reprogramming 
involves injection 
of the nucleus of 
an adult cell into 
an enucleated 
oocyte. After a few 
days of 
development to 
the blastocyst 
stage, embryonic 
stem (ES) cells 
can be generated. 

During induced  
Pluripotency, the 
adult cell is 
directly 
reprogrammed to 
pluripotency by 
transfection of a 
set of genes 
encoding key 
transcription 
factors, followed 
bt careful 
selection and 
isolation of ES 
cell-like induced 
pluripotent stem 
(iPS) cells over a 
period of 2-3 
weeks. 
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Both approaches have proved feasible in mice. 
In humans, no nuclear transfer-derived stem cells 
have yet been reported; however, there are now 
numerous  human iPS cells from normal and disease-
bearing individuals available for study. 
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Nuclear 
transfer 

Induced 
pluripotent 
cells 



Numerous organisms 
have been cloned 

•  From Dolly te sheep, 

• Dogs, cats, bulls, mice…… 
87 
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Solter and Gearhart, Science 1999

“Therapeutic” cloning: Derivation of 
embryonic stem cells from the 
patient
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iPS cells 
•  Development is dictated by 

epigenetic episodes: as 
such, it can thus be 
reversed.  

•  The iPS (induced pluripotent 
stem) cells are somatic cells 
that reacquire embryonic 
stem cell features through 
the introduction of defined 
factors. 
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History of iPS cells 

•  The first published paper 

• Cell, Agosto 2006 
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Pros	and	Cons	to	iPS	cell	
technology	

•  Pros:	
–  Cells	would	be	gene9cally	iden9cal	to	pa9ent	or	
donor	of	skin	cells	(no	immune	rejec9on!)	

– Do	not	need	to	use	an	embryo	

•  Cons:	
–  Cells	would	s9ll	have	gene9c	defects	
– One	of	the	pluripotency	genes	is	a	cancer	gene	
– Viruses	might	insert	genes	in	places	we	don’t	
want	them	(causing	muta9ons)	

•  Pros:	
–  Cells	would	be	gene9cally	iden9cal	to	pa9ent	or	
donor	of	skin	cells	(no	immune	rejec9on!)	

– Do	not	need	to	use	an	embryo	

•  Cons:	
–  Cells	would	s9ll	have	gene9c	defects	
– One	of	the	pluripotency	genes	is	a	cancer	gene	
– Viruses	might	insert	genes	in	places	we	don’t	
want	them	(causing	muta9ons)	
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Hopes in Medicine with 
stem cells 

•  Consolidated therapies 
with adult stem cells 

•  Tissue engineering  
•  Experimentsl therapies 

with stem cells 
•  Conclusions 
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•  Consolidated therapies 
with adult stem cells 

•  Tissue engineering  
•  Experimentsl therapies 

with stem cells 
•  Conclusions 

Hopes in Medicine with 
stem cells 



•  hemopoietic stem cells, for the treatment of hematological 
diseases, some solid tumors, diseases of the hemopoietic and 
immune system. 

•  mesenchimal stem cells, for the prevention of Graft versus Host 
disease and regeneration of bone and cartilage. 

•  expanded in vitro skin, keratinocytes and fibroblasts for 
treatment of burns and skin diseases. 

•  limbar stem cells, for the treatment of corneal lesions. 
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AUTOLOGOUS CHONDROCYTE TRANSPLANTATION

107 
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•  It is basically similar to a skin biopsy  
•  It is necessary to send to the laboratory a 

smallo fragment of full-thickness skin of 
the pationt (2 cm x 1 cm) taken from a 
healthy area, possibly hidden (prelevato 
da un’area sana, possibilmente nascosta 
(behind the ear region or groin region) 

•  Cultured keratinocytes will be ready after 
an average time of about three weeks. 

REMOVAL OF SKIN FOR THE 
CULTIVATION OF 
KERATINOCYTES 

110 



•  The keratinocytes cultured in vitro 
generate cohesive sheets of laminated 
epithelium that retain the characteristics 
of the epidermis 

•  Cultured autologous keratinocytes are 
widely used for the treatment of 
extensive burned areas and epidermal 
renewal 

•  LIMITS: infections, graft site 
preparation can cause problems 
(dermabrasion, necrectomia, ecc.) 
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• - fibrin • + fibrin 
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Severe burn by alkali in a 75-year-old patient 

Corneal regeneration following limbar stem cell transplantation 
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•  Consolidated therapies 
with adult stem cells 

•  Tissue engineering  
•  Experimentsl therapies 

with stem cells 
•  Conclusions 

Hopes in Medicine with 
stem cells 
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Trachea transplantation: 
Example of adult stem cell-based tissue regeneration 
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•  Consolidated therapies 
with adult stem cells 

•  Tissue engineering  
•  Experimentsl therapies 

with stem cells 
•  Conclusions 

Hopes in Medicine with 
stem cells 
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Target Diseases for future Stem 
Cell Therapy 

 
•  Heart Disease: ES cells can be induced to form 

cardiac muscle cells that actually beat in culture 
•  Brain and Spinal Cord Injury: HSCs can also be 

transplanted into the brain where they are 
reprogrammed to generate neurons and glial 
cells 

•  Type 1 Diabetes: Insulin-producing structures 
similar to pancreatic islets have been generated 
from mouse ES cells in culture 
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What is the "unmet need” for 
CVD?

• Despite the enormous progresses in the treatment of 
coronary artery disease, it remains the most common 
cause of heart failure and the leading cause of death 
in the Western countries

• New translational therapeutic approaches based on 
personalized and regenerative medicine are needed

•  In this study we fabricated bioartificial constructs 
mimicking anisotropic structure and mechanical 
properties of the myocardium

Claudia Giachino 
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What are the target populations 
for PPPM intervention?

•  Patients with acute heart failure might benefit from such 
approach

•  Patients with coronary artery disease
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Making innovative therapeutic tools against 
myocardial ischemia, the main cause of acute 

heart disease 

Stent 

…myocardium implant of biomimetic 
and bioinductive scaffolds 

(made of polymeric bioartificial 
materials as PHBHV/gelatin and 

PLGA/gelatin) 

Opening coronary with 
innovative stents… 

Patch 

Aim of the project 
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Scaffolds must have: 
 

ü A cardioinductive function on stem cells, to promote tissue 
regeneration 

ü A cardioprotective effect, to limit reperfusion injury 

ü A chemoattractive function, to recruit both resident and circulating 
stem cells  

Scaffolds must: 
 

ü Mimic myocardium structure and biomechanics 

ü Be biocompatible 
  

Scaffold 
requirements 



Microstructured scaffold surface 

A 

Microstructured scaffold section Non-microstructured scaffold section 

Longitudinal  

direction 

Transverse  

direction 

B 

Mimic myocardium structure and 
biomechanics 

SEM images of microfabricated material surfaces showed the presence of 
rectangular recesses following the soft lithography model geometry and micro-
mesopores distributed diffusely at the level of the entire structure due to chemical 
composition and solvent casting procedure. The macrocavities, considered as 
polymeric guides to induce alignment of cardiomyocytes have longitudinal and 
transversal dimension of 480 µm and 25 µm and a depth of 40 µm, and are 
separated among them by an array of longitudinal regular ridges of 60 µm and 25 
µm and cross ridges of 30 µm.  



Mimic myocardium structure and 
biomechanics 

Chemical imaging technique, a useful and innovative tool to investigate 
about hydrophilicity and molecular interactions between material 
components,  suggested that these scaffolds exhibit hydrophilicity 
properties matching those of healthy myocardium sample.  
Maps acquired in µATR mode  

NIR maps showed that the amount of OH groups respect to CH groups 
was higher in recesses than in ridges indicating a specific anisotropic 
surface hydrophilicity of the materials that can be fundamental to 
explain the behavior of stem cells seeded onto these matrices.  

Recesses Ridges 
A 

B 

134 



The evaluation of mechanical properties of the produced systems 
showed that storage modulus resulted in the order of MPa, in both 
non and microstructured samples, being these values similar to the 
healthy cardiac tissue. In addition, the anisotropic structure conferred 
by soft-lithography induced anisotropic mechanical properties with a 
higher storage modulus value in the longitudinal direction than that 
along the transversal direction.  

Mimic myocardium structure and 
biomechanics 
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Biodegradation properties of the scaffolds was examined in vitro using 
different media and for prolonged times. Morphological analysis, pH 
trend of degradation solutions and GPC analysis confirmed a slow and 
gradual degradation of the scaffolds, the maintenance of a regular 
surface microstructure, an unaltered pH in the degradation media thus 
preventing possible inflammatory responses in vivo.  

Mimic myocardium structure and 
biomechanics 
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A 

Calcein Merge Bright field 
d 

1 
d 

15
 

Calcein Merge Bright field 

d 
1 

d 
15

 
B 

C Calcein 

Non-microstructured film 
 
 
 
 
 
Microstructured scaffold 
 
 
 
 
3D reconstruction 
on microstructured scaffold 

Biocompatibility 

Viability and proliferation 
assays demonstrated that 
these constructs allow 
adhesion and growth of 
mesenchymal stem cells 
(MSCs) and card iac 
resident non myocytic 
c e l l s  ( N M C s ) . 
Immuno f l uo rescence 
analysis demonstrated 
that stem cells cultured 
on these constructs adopt 
a distribution mimicking 
the three-dimensional cell 
alignment of myocardium.  
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A B 

C 

Phalloidin/DAPI Phalloidin/DAPI 

Biocompatibility 
During scaffold colonization 
cells maintained an optimal 
cytoskeletal organization 
and they were able to 
colonize the entire 
construct thickness, 
growing in at least three 
cell layers as shown in the 
3-D scaffold reconstruction. 
Transmission electron 
microscopy analysis 
allowed to appreciate 
electron-dense areas, 
known as focal adhesions 
or focal contacts, typically 
elongated, in which the 
plasma membrane runs 
parallel to the overlying 
matrix. 139 
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Cardioinductivity 

Real-time qPCR analysis showed the ability of these construcst to direct initial 
MSC and NMC lineage specification towards cardiomyogenesis. Both MSCs 
and NMCs showed down-regulation of the stemness marker kit and up-
regulation of the cardiac transcription factor GATA-4. Moreover NMCs acquired 
the expression of the transcription factor Tbx5, the GAP-junction gene 
Connexin 34, and the sarcomeric gene Troponin C. 
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Cardioinductivity 

Immunofluorescence analysis confirmed down-regulation of c-kit and up-
regulation of GATA-4 protein in MSCs. It also documented expression of the 
cardiac transcription factor Nkx2.5, the GAP-junction protein Connexin 43 as 
well as the sarcomeric proteins Troponin C and α-actinin in NMCs. 141 
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Ischemia/reperfusion injury 
 

Despite timely reperfusion, nearly 10% of AMI subjects die during 
hospitalization, and 25% of survivors progress to develop chronic heart 
failure  

 
Reperfusion of ischemic myocardium can also cause cardiomyocyte death and 
microvascular damage through a process referred to as myocardial ischemia/

reperfusion injury 
 

These data suggest that despite progress in the treatment of AMI, a major 
scientific problem is the need for novel approaches to limit myocardial damage 

resulting from reperfusion injury 
 
 ADENOSIN: protection factor 

Vasodilatory action and protection of myocardic tissue 
 

Scaffolds were functionalized with adenosin 
that is released gradually after the implant 

Cardioprotection 



Ischemia 
induction 

Patch 
application Reperfusion 

Ischemia induction:  
left anterior descending coronary (LAD) 

binding 

Biopsies:  1. before LAD binding 
                       2. 40 minutes after LAD binding                   protein analysis 
                       3. 10 minutes after reperfusion                 of cardioprotective 
markers 
                      4. 60 minutes after reperfusion   

Biopsy #1 

Reperfusion:  
after 50 minutes from LAD 

binding 

Patch application:  
few minutes after LAD 

binding 

Biopsy #2 Biopsy #3 

Biopsy #4 

preparation 
anhestesia 

Cardioprotection 

Surgical 
breach 
closure 

Waking up 
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Myocardic implant 
CARDIOPROTECTION 

The patches are easily implanted and adhere perfectly on the epicardial surface  

Use of a novel delivery system optimized by Sorin Group, a medical products 
group based in Italy, with significant operations in France, the United States, 
and Japan, specializing in cardiac devices.   

144 



                                                  After 24 h                                                                   
After 3 months 

Myocardic implant 
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Cardioprotection 

Analysis of reperfusion injury salvage kinase (RISK) pathway activation 

146 



Major results 
v  Cardiac patches are cytocompatible and stem cells show a good adhesion 

and proliferation 
 
 
v  Cardiac patches induce stem cell commitment towards cardiac phenotype  

 
The microstructure is  important  

for cell orientation and differentiation 
 
 

v  Patches functionalised with adenosin  
     reduce the hypoxic damage in vitro, suggesting  
     a cardioprotective effect 

v  Cardiac patches are easily implanted in vivo and  
     are completely adsorbed after 3 months 
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v Func9onalisa9on	of	cardiac	patches	with	stem	cell	chemoaHractants	

v Conduc9on	of	a	large	in	vivo	study	on	the	selected	animal	model	
	

Next steps 
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The guidance of stem cell cardiomyogenic 
differentiation by bioartificial scaffolds mimicking 

myocardium structure and biomechanics 
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•  Consolidated therapies 
with adult stem cells 

•  Tissue engineering  
•  Experimentsl therapies 

with stem cells 
•  Conclusions 

Hopes in Medicine with 
stem cells 



The offers of stem cells 
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�The press reports many disputes for and 
against stem cell research. 
�Because the media has an important role in 
forming the opinion on recent progress, the 
stem cell debate is often based on a lack of 
accurate information and objective. 
�Even those who want to speculate on 
diseases and out of desperation and hope of 
those affected uses instrumentally mass 
media. 
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