
Adult stem cells…great potential 

Omar Aljitawi, MD 
Assistant Professor, 

Blood and Marrow Transplant Program 
University of Kansas Medical Center 



Stem cells 

• Biological cells present in all multicellular 
organisms 

• Characteristics: 
      a. Divide through mitosis  
      b. Differentiate into diverse specialized cell    
           types 
      c. Self-renew 

 



Stem cell types 

• Two broad types of stem cells: 
         a. Embryonic stem cells 
         b. Adult stem cells 
 



Human stem cell hierarchy and 
classification 

 



Umbilical cord blood stem cells 



First successful umbilical cord blood 
(UCB) transplant (1988) 

 
• A major collaborative 

effort across the Atlantic: 
- A patient of Dr. Joanne 

Kurtzberg  
- The cord blood was 

banked by Dr. Hal 
Broxmeyer 

- Dr. Eliane Gluckman 
performed cord blood 
transplant in Paris  

Matthew Farrow 
( recipient) 

Umbilical cord blood extraction 

*Since the first successful UCB has been used as a graft source for over 14 000 patients 
with both malignant and non-malignant diseases (Broxmeyer et al, 2009).  



Over 419 000 umbilical cord blood samples are 
stored in public registries worldwide 

Cell Prolif., 2011, 44 (Suppl. 1), 60–69 
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Indications 



•    Advantages: 

a. Ease of procurement 
b. Absence of donor risks 
c. Reduced risk of transmissible 

infections 
d. Availability for immediate use 
e. Lower incidence of graft 

versus host disease (GVHD) 

f. Extends transplant to 
minority populations 

 

  

• Limitations: 

a.  Delayed blood count recovery, 
engraftment, and higher rates of 
graft failure post transplant 

b.  Delayed immuno-reconstitution 
post transplant 

c.   Limited options to treat post 
transplant relapse 
 

UCB as a Graft Source for transplantation 



UCB non-hematopoietic stem cells 



Mesenchymal stem cells 

• Multipotent stem cells that can differentiate 
into a variety of cells types. 

• Differentiation patterns: 
    a. Osteoblasts (bone cells) 
    b. Chondrocytes (cartilage cells) 
    c. Adipocytes (fat cells) 
    d. Neuronal cells ( nerve cells) 
    e. Cardiomyocytes (cardiac muscle cells) 



 



Table 4. Clinical Trials of Stem Cell Therapy for Chronic Myocardial Ischemia and/or Heart 
Failure With ≥20 Patients. 

Burt, R. K. et al. JAMA 2008;299:925-936 

Copyright restrictions may apply. 



Wharton’s Jelly (WJ) mesenchymal 
stromal cells (MSCs) 

WJ 



A research project involving UCB 
and WJ MSCs at KUMC 

A Wharton’s Jelly Mesenchymal 
Stromal Cell Derived 3D Osteogenic 

Niche for Cord Blood Expansion 



Background 

• Delayed blood count recovery and graft failure-post 
UCB transplantation: 

a. Limited cell dose in umbilical cord blood units 
b. Defects in UCB stem cell homing to bone marrow 
 
• Rationale: Time to engraftment is inversely related 

to the cell dose given during transplantation  
 



• Occupying cells: 
mesenchymal stromal 
cells isolated from 
umbilical cord 
Wharton’s jelly matrix 
(A and B) 

• Synthetic 
scaffolds(PLLA) to 
provide the 3D frame (C 
and D) 

 
 

Components of the 3D model 

PLLA polymer  

WJ A 

B 

C 

D 

Cells positive for CD 90, CD105, CD 73 and negative for CD 34, CD 45, and 
isotype consistent with MSC  phenotype 

 



Verification of Osteogenesis (bone 
differentiation)  
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D Verification of Osteogenic differentiation in 3D 
model. Scanning electron microscopy pictures of the 
scaffold after 6-weeks of osteogenic differentiation. Notice 
the spindle shaped cells consistent with osteogenic 
progenitors (A) and the collagen fibrills produced (B). 
Alizarin red stain of the scaffold after 6 weeks of exposure 
to osteogenic differentiation media (C). D: Relative 
expression of molecular markers of osteogenesis at 6 
weeks of osteogenic differentiation (red bars)  compared 
to 4 weeks (blue bars) . Runx2 (runt-related transcription 
factor 2) is an early stage differentiation marker, and OCN 
(osteocalcin) is a late stage differentiation marker. 
(Aljitawi et al 2010, unpublished) 



UCB CD 34+ cells 
attach to 
osteongenic matrix 
cells 

osteongenic matrix cells 

UCB CD 34+ cells  



Benefit of mankind 

Regional economic opportunity 

Green investment 

http://www.google.com/imgres?imgurl=http://www.budapest-doula.com/images/cord-full-of-blood.jpg&imgrefurl=http://www.budapest-doula.com/umbilical-cord-care.html&usg=__9iaa6rL0zbSwNjpz-kirAdzaPXI=&h=200&w=217&sz=9&hl=en&start=17&zoom=1&tbnid=3IWIKVRIJJQlcM:&tbnh=99&tbnw=107&ei=2e6VTtCRG8XksQLA2tHvAQ&prev=/images?q=umbilical+cord&um=1&hl=en&sa=N&tbm=isch&um=1&itbs=1�
http://www.google.com/imgres?imgurl=http://www.budapest-doula.com/images/cord-full-of-blood.jpg&imgrefurl=http://www.budapest-doula.com/umbilical-cord-care.html&usg=__9iaa6rL0zbSwNjpz-kirAdzaPXI=&h=200&w=217&sz=9&hl=en&start=17&zoom=1&tbnid=3IWIKVRIJJQlcM:&tbnh=99&tbnw=107&ei=2e6VTtCRG8XksQLA2tHvAQ&prev=/images?q=umbilical+cord&um=1&hl=en&sa=N&tbm=isch&um=1&itbs=1�


An alternative to embryonic 
stem cells…Induced 

pluripotent stem cells 



Schematic diagram showing the generation of induced pluripotent stem cell-derived 
cardiomyocytes (iPSC-CMs) from human dermal fibroblasts. 

Oh Y et al. Heart doi:10.1136/heartjnl-2011-301317 

Copyright © BMJ Publishing Group Ltd & British Cardiovascular Society. All rights reserved. 



Light microscopic images of typical dermal fibroblasts, human induced pluripotent stem cells 
(iPSCs) and iPSC-derived cardiomyocytes (iPSC-CMs). 

Oh Y et al. Heart doi:10.1136/heartjnl-2011-301317 

Copyright © BMJ Publishing Group Ltd & British Cardiovascular Society. All rights reserved. 



 iPSCs…an opportunity to study diseases in the 
lab.  

Diseases in a dish: modeling human genetic disorders using induced pluripotent cells. Gustavo Tiscornia1  
Erica Lorenzo Vivas1 Juan Carlos Izpisúa Belmonte1, 2  

Nature Medicine Pages: 1570–1576 Year published: (2011) 

http://www.nature.com.proxy.kumc.edu:2048/nm/journal/v17/n12/full/nm.2504.html�
http://www.nature.com.proxy.kumc.edu:2048/nm/journal/v17/n12/full/nm.2504.html�
http://www.nature.com.proxy.kumc.edu:2048/nm/journal/v17/n12/full/nm.2504.html�
http://www.nature.com.proxy.kumc.edu:2048/nm/journal/v17/n12/full/nm.2504.html�
http://www.nature.com.proxy.kumc.edu:2048/nm/journal/v17/n12/full/nm.2504.html�
http://www.nature.com.proxy.kumc.edu:2048/nm/journal/v17/n12/full/nm.2504.html�


Potential stem cell uses 

http://blog.lib.umn.edu/huber195/myblog/2011/10/neural-plasticity-stem-cells-a-
solution.html 



Summary 

• There are multiple stem cell sources with diverse 
differentiation potential 

• Umbilical cord blood represents a viable stem cell 
source for curative transplantation 

• Umbilical cord blood stem cells and Wharton’s Jelly 
mesenchymal stromal cells are being investigated for 
use in several regenerative medicine applications 

• KU and other regional institutions have been involved 
in stem cell research  

• Research that involves discarded perinatal tissues 
represents an example of green investment 
 
 



Questions? 
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