


Vir: Vacanti in Langer, Lancet, 1999 

   Srce in ožilje 
    Srce in popravilo koronarnih arterij                       1 821 000   
    Angioplastika koronarnih žil                       1 000 000 
    Krvne žile                          272 000 

   Hrbtenjača (živčevje in mišičevje)                          496 000 

   Ortopedski posegi in plastična kirurgija 
   Kost, hrustanec, vezi, kite                       1 977 000 
   Prsi                          479 000 

   Gastrointestinalni posegi 
   Jetra, žolčnik, žolčevod                          205 000 
   Slinavka                          728 000 
   Črevesje                          100 000 

   Ostalo 
   Urinarni sistem in ledvice                          740 000 
   Koža                       2 509 000 
   Hernia                          988 000 
   Zobozdravstvo                     10 000 000 
  Transfuzije krvi (enote krvi)                     23 000 000 

Letno število operativnih posegov (v ZDA) 
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:ez 50 miljonov posegov



Vir: McNeill: Human Bones (Copyright) 

Makroskopska zgradba kosti 
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Presentation Notes
MechanicalProtection — bones can serve to protect internal organs, such as the skull protecting the brain or the ribs protecting the heart and lungs.[citation needed]Structure — bones provide a frame to keep the body supported.[citation needed]Movement — bones provide leverage system for, skeletal muscles, tendons, ligaments and joints function together to generate and transfer forces so that individual body parts or the whole body can be manipulated in three-dimensional space. The interaction between bone and muscle is studied in biomechanics.[citation needed]Sound transduction — bones are important in the mechanical aspect of overshadowed hearing.[citation needed]SyntheticBlood production — the marrow, located within the medullary cavity of long bones and interstices of cancellous bone, produces blood cells in a process called hematopoiesis.[citation needed]MetabolicMineral storage — bones act as reserves of minerals important for the body, most notably calcium and phosphorus.[citation needed]Growth factor storage — mineralized bone matrix stores important growth factors such as insulin-like growth factors, transforming growth factor, bone morphogenetic proteins and others.[citation needed]Fat storage — the yellow bone marrow acts as a storage reserve of fatty acids.[citation needed]Acid-base balance — bone buffers the blood against excessive pH changes by absorbing or releasing alkaline salts.[citation needed]Detoxification — bone tissues can also store heavy metals and other foreign elements, removing them from the blood and reducing their effects on other tissues. These can later be gradually released for excretion.[citation needed]Endocrine organ — bone controls phosphate metabolism by releasing fibroblast growth factor – 23 (FGF-23), which acts on kidneys to reduce phosphate reabsorption. Bone cells also release a hormone called osteocalcin, which contributes to the regulation of blood sugar (glucose) and fat deposition. Osteocalcin increases both the insulin secretion and sensitivity, in addition to boosting the number of insulin-producing cells and reducing stores of fat.[3]



Vir: McNeill: Human Bones (Copyright); en.wikipedia.org; depts.washington.edu/bonebio  

Mikroskopska zgradba kosti 

Spužvasta kostnina Kompaktna kostnina 

Sestava kosti: 
OSTEOBLASTI, OSTEOCITI, OSTEOKLASTI 
IZVENCELIČNI MATRIKS: organski (kolagen) in anorganski (CaP) 
 
Ostala tkiva: kostni mozeg, žile, živčevje, hrustanec, pokostnica 
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It has relatively high compressive strength of about 170 MPa (1800 kgf/cm²)[4] but poor tensile strength of 104–121 MPa and very low shear stress strength (51.6 MPa),[5] meaning it resists pushing forces well, but not pulling or torsional forces.



Vir: koehlerlaw.net  





Biorazgradljiv 
material 



Odrasle matične celice iz kostnega mozga 

Vir: commons.wikimedia.org  



Razmnoževanje 

Specializacija 

Embrionalne 
matične celice 

Odrasle 
matične celice 

Specializirane 
tkivne celice 



Gojene kožne 
celice 

Reprogramiranje 
 

Embrionalnim- 
podobne 

matične celice 
(hiPSC) 

Biopsija kože 

Celično reprogramiranje 

Oct4, Sox2,  
Klf4, c-Myc 

 

Vir: www.mefeedia.com, Servier Medical Art   
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However, in 2007 a revolutionary finding by a group of scientists lead by Shinya Yamanaka� allowed for the first time to use adult cells and reprogram them to an early developmental state



Razmnoževanje 

Specializacija 

Embrionalne 
matične celice 

Odrasle 
matične celice 

Specializirane 
tkivne celice 



Razmnoževanje hiPSC 
hiPSC 

Vir:  McNeil: Human bones (Copyright); Grayson et al. PNAS 2010; www.endogroupc.com  
 

Plast hranilnih 
celic 

Presenter
Presentation Notes
However, in 2007 a revolutionary finding by a group of scientists lead by Shinya Yamanaka� allowed for the first time to use adult cells and reprogram them to an early developmental state



Živčne celice Srčne celice 

Kostne celice 

Različni tipi specializiranih celic 

hiPSC 
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However, in 2007 a revolutionary finding by a group of scientists lead by Shinya Yamanaka� allowed for the first time to use adult cells and reprogram them to an early developmental state



 

Vir: www.nobelprize.org (Copyright NF) 
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However, in 2007 a revolutionary finding by a group of scientists lead by Shinya Yamanaka� allowed for the first time to use adult cells and reprogram them to an early developmental state



Pacientove 
kostne celice 

? 

Novo  
kostno tkivo 

Vir: McNeill: Human Bones (Copyright) 
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3D shape and sizetissue components: �proteins, organic matrix, �signaling molecules, mineralvasculature, nerves…



Biološka 
znanja: 

Inženirski 
pristop: 

Definiramo problem 
Načrtujemo rešitvev 

Tkivno inženirstvo 

Matične celice 
Razvoj tkiv 



 

Vir: Marolt in sod. Stem Cell Res Ther 2010 
 



1. Usmeritev reprogramiranih celic v kostne celice 

hiPSC Kostne celice 

Gojišče: 
- Rastni faktorji 

- Signalne  
  molekule 

 
Rastna podlaga: 

- Kolagenski matriks 
 



Nosilec iz goveje kosti Nosilec iz keramike 

2. Priprava nosilca (ogrodja) v obliki tkiva 

Vir:  McNeil: Human bones (Copyright); Grayson in sod. PNAS 2010; www.endogroupc.com  
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Create a graft template from a biodegradable material based on the imaging of the defectKAKO KOMPLEKSNO JE SO TEZAVE



Zeleno = Žive celice 
Rdeče = Mrtve 
celice 

3. Nasaditev celic na nosilec 



4. Prenos tkivnega nadomestka v bioreaktor 



5. Dodatek ustreznega gojišča za rast kostnine 



6a. Gojenje tkivnega nadomestka (4-6 tednov) 
 



6b. Črpanje gojišča zagotavlja dotok hranil 



Struktura in sestava tkiva 

7a. Analiza gojenega tkivnega nadomestka 



Ustrezni tipi celic 

Biokemijska sestava 

7b. Analiza gojenega tkivnega nadomestka 

Vir:  Marolt in sod. PNAS 2012; de Peppo in sod. PNAS 2013 



Razvoj tkivnih nadomestkov iz reprogramiranih celic 

Testiranje v živalih 

4 mm 

Razvoj in testiranje novih zdravil 
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Growing small pieces of boneTesting them in animals to see how they affect bone healing and how cells behave on long runWorries: control of cells so we do not cause problems – unwanted tissue formation or even cancer



Krvne žile 

Gojena koža 

Mehur 

Zdravljenje s tkivnimi nadomestki iz odraslih celic 

Vir:  3rs.ccac.ca; www.freewebs.com; barefacedtruth.com  
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In fact a lot of scientists are looking into this, but in many cases, the source of new tissue – which is the cell that resides in the tissue is not availabileSome tissues have adult stem cells that can be grown and used for therapyNot possible in all cases



Dolgoročni cilj: Organi po naročilu za vsakogar? 

Vir:  www.fanpop.com; www.allposters.com; www.dundee.ac.uk  
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KAM GREDO STVARI, KAJ MENE DR|I
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