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Hype and hope of stem cells and 
regenerative medicine 



 ‘Stem cell' is a scientific concept 
 Historically, the word stammzelle 
(German for stem cell) had a dual 
meaning:  

(1)the evolutionary unicellular 
ancestor of multicellular organisms, 
and  

(2) the second being the ancestral 
(ontological) stem cell of a tissue 
in an organism, initially in the germ 
line. Subsequently, the term became 
more widely applied to other 
tissues. 

Nature Reports Stem Cells | doi:10.1038/stemcells.2009.90;  
Ramalho-Santos and  Willenbring  Cell Stem Cells 2007 

What are stem cells ? 



Definition of stem cells: 

  Undifferentiated/unspecialized cells 

  Capacity for self-renewal (generally 
slowly cycling in vivo) which enabled to 
generate at least one daughter cell (self-
renewal capacity) 

  Able to undergo multi-lineage 
differentiation (capable of producing 
progeny in at least 2 lineages) 

  Functional, capable for tissue 
reconstitution 

Shafritz et al., 2006 Hepatology; NIH Stem Cells; Verfaillie C.M. 2002 Trends Cell Biol.  
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What are stem cells ? 



Somatic Stem Cells 

Types of stem cells  



Totipotent:  
the fertilized egg (zygote) and probably its 
immediate progeny  
Pluripotent:  
the embryonic stem cell is capable to 
differentiate into most cell type in the body 
Multipotent (or pluripotent):  
Adult (somatic) stem cells have more limited 
differentiation ability 
Unipotent:  
Adult tissue progenitor is able to differentiate 
into one specific lineage 

Nat. Rev 2005; Genes & Dev. 2007 21: 3044-3060 

Differentiation potential of stem cells  



Genes & Dev. 2007 21: 3044-3060 

Stem cells in the context of development 

 Embryos consist of mitotically dividing cells 
called progenitors. Progenitors can be pluripotent 
or multipotent.  
 At later developmental stages, cells exit the 
mitotic cycle. Generally called precursors,  these 
cells can still be multipotent   
 At some point, precursors become committed to 
a particular fate and differentiate.  
 Stem cells (e.g., HSCs) develop from 
embryonic progenitors that are prevented from 
exiting the mitotic cycle by specific 
microenvironments, called niches.  
 In the adult organism, stem cells undergo 
asymmetric cell divisions and produce mitotically 
active daughter cells also called progenitors 
(“transient amplifying cells”) 



Somatic stem cells reside in a niche that 
expressed specific features 

HSC
 GSC


Bulge SC
 Intestinal SC




Intestinal stem cells 

Snippert  et al., 2009 Gastroenterology  



Moore & Lemischka 2006. Science 

Intestinal stem cells and their niches 



Intestinal stem cells and their niches 



Pinto & Clevers 2005 Biol. Cell 97, 185–196 

Differentiation of intestinal stem cells 



Wnt and Notch pathways in intestinal 
epithelial proliferation and differentiation 



  In the 1960s, researchers 
discovered that the bone 
marrow contains 
hematopoietic stem cells, 
which forms all the types 
of blood cells in the body.  

  A second population, 
called bone marrow 
stromal cells or 
mesencymal stem cells, 
was discovered a few 
years later which can give 
rise to bone, cartilage, 
fat, and fibrous 
connective tissue lineages.  

Somatic stem cells in bone marrow 

NIH Stem Cells: Scientific Progress and Future Research Directions 



Hematopoietic stem cells 

NIH Stem Cells 

Hematopoietic stem cells give rise to all the types of blood cells: red blood cells, 
B lymphocytes, T lymphocytes, natural killer cells, neutrophils, basophils, 
eosinophils, monocytes, macrophages, and platelets.




  Haematopoietic stem cells regenerates the entire blood 
and immune system, and also makes copies of itself after 
limit-dilution transplantation.  

  HSCs circulate freely, but seem to have little function 
outside specific anatomic locations. 

HSCs with their niches in bone marrow 

     Hematopoietic stem cells (HSCs) 
are  mainly located in the trabecular 
part of the long bones. The endosteum 
lines the inner bone surfaces and is 
comprised of stromal cells and 
osteoclasts (white) as well as spindle 
shaped osteoblasts (brown). 

      The osteoblasts are thought to 
serve as niche cells to maintain 
quiescence and prevent differentiation 
of attached HSCs. 



Moore & Lemischka 2006. Science; Li & Xie 2005. Ann. Rev. Cell. Biol. 

HSCs with their niches in bone marrow 



Nat Rev Mol Cell Biol 2008 9: 11-21 

HSCs with their niches in bone marrow 



Yin & Li 2006. J. Clin.  Invest. 

HSCs with their niches in bone marrow 



Stem cells in umbilical cord blood 

 "Cord blood" is the blood that 
remains in the umbilical cord and the 
placenta after the delivery of a baby. 
This "afterbirth treasure" was 
traditionally discarded. 

 It was discovered that the blood 
remaining in the umbilical cord and the 
placenta is extremely rich in stem cells 
including 

 It also contains hematopoietic stem 
cells, mesencymal stem cells and 
endothelial progenitors 

Wang et al., Blood 1997 



Dervation of pluripotent germ stem cells 

Hasenfuss et al., Nature 2006




Dervation of pluripotent germ stem cells 

Conrad et al., Nature 2008




Stem cells isolated from undefined tissue 
position that expressed specific features 



Mesenchymal stem cells 
Mesenchymal stem cells give rise to a variety of cell types: bone cells 

(osteocytes), cartilage cells (chondrocytes), fat cells (adipocytes), and other 
kinds of connective tissue cells such as those in tendons.  

NIH Stem Cells 



Kassis et al., BMT 2006  

oil-red-O alcian blue 

alizarin red  nitro-blue tetrazolium 

Bone and cartilage repairing  with MSC 



Bone and cartilage repairing  with MSC 



Derivation of pluripotent stem cells from 
in-vitro culture of embryonic cells 

Wobus and Boheler 2005. Physiol. Rev. 85: 635-678,  

Hasenfuss et al., Nature 2006
Lanza et al., Nature 2005




Inner Cell Mass(ICM) 

Trophectoderm 

Isolated ICM 

Embryonic fibroblasts 

Embryonic stem cells 

Establishment of embryonic stem cells 
from blastocysts embryo  



4X 1OX 
mES colony 

MEF 

mES colony 

MEF 

Feeder cells: Mitomycin C treated E13.5 
MEF (mouse embryonic fibroblast) 

Medium:1000U/ml LIF 

0.1% gelatin coating 

Mitomycin C treated MEFs 

Embryonic stem cells 

Maintaining embryonic stem cells in 
cultures with MEF feeder or certain factors  



Pluripotency of embryonic stem cells 



Differentiation capability of embryonic 
stem cells (Derivation of chimera mice) 



Tanaka et al. Journal of Translational Medicine 2006 4:20   

Differentiation capability of embryonic 
stem cells (Teratoma) 



Challenges for embryonic stem cells: 
ethical issue 



Challenges for embryonic stem cells 

  At present most human embryonic stem 
cells can only be obtained by destroying 
live human embryos at the blastocyst 
stage 

  They proliferate rapidly and are 
extremely versatile, but there is scant 
scientific evidence that embryonic 
stem cells will form normal tissues in a 
culture dish 

  Embryonic stem cells are difficult to 
develop into a stable cell line. It 
spontaneously accumulate genetic 
abnormalities in embryonic-stem cell 
cultures 

  Embryonic stem cells are prone to 
uncontrollable growth and tumor 
formation when placed in animals




LEEANDA J. WILTON,et al. BIOLOGY OF REPRODUCTION 40, 145-1 52 (1989) 

 PGD (Pre-Implantation Genetic Diagnosis)  

Establishment of embryonic stem cells 
without destroying embryo 



GFP-negative 

GFP-
negative 

GFP-
negative 

GFP-positive 

Embryonic stem cell lines derived from 
single mouse blastomere 

Lanza et al., Nature 2006 Jan 



Embryonic stem cells derived from single 
blastomere without destroy embryos 

Simpson  Nature 2006 Nov 



Potential uses of stem cells  



Potential uses of stem cells in drug testing  



Limbus  

Limbus stem cells for corneal repairing 



Limbus stem cells for corneal repairing 



Growing airway utilizing patient-specific 
mesenchymal stem cells 



Growing airway utilizing patient-specific 
mesenchymal stem cells 



Challenges of stem cell-based therapeutics 



Clinical Trials 



Somatic (adult tissue-derived) stem cells 

NIH Stem Cells: Scientific Progress and Future Research Directions 

 Stem cells can be derived from various tissues in adults. To date, stem 
cells have been found in bone marrow, blood, skin, muscle, brain, the 
cornea and retina of the eye, the lining of the gastrointestinal tract, lung, 
liver and probably pancreas.  

 The primary role of tissue stem cells is to maintain and to repair the 
tissue in which they are found.  
 Tissue stem cells usually only produce cells specific to the tissue in 
which they are found (i.e. original, somatic stem cells were thought to 
have the potential to make a limited range of cell types in the body only).  
 The possibility that a somatic stem cell from one tissue may give 
rise to cell types of another tissue. This is a phenomenon called   
“stem cell plasticity”.  



  Hematopoietic stem cells(HSC) may 
differentiate into: three major types of 
brain cells (neurons, oligodendrocytes, 
and astrocytes); skeletal muscle cells; 
cardiac muscle cells; and liver cells.  

  Bone marrow stromal cells (MSC) 
may differentiate into neuronal, cardiac 
muscle, skeletal muscle, endothelial 
and liver cells.  

  Brain neural stem cells (NSC) may 
differentiate into: blood cells and 
skeletal muscle cells.  

Plasticity of somatic stem cells 

Verfaillie C.M. 2002 Trends Cell Biol. ;Wagers and Weissman 2004  Cell 116:639-648;  
Shen et al., 2004 Organogenesis 1: 31-44  



Understanding the stem cell potential can  
increase the therapeutic potentials  

  A stem cell that can easily be expanded or grown in vitro and then implanted into a 
microenvironment which may alter the cell fate that the host requires. Therefore, it 
could be very important for regenerative medicine as it may be possible to for us to 
overcome the shortage of organ by using this property




Wang et al., Nature 422, 897-901, 2003 
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Bone marrow derived hepatocytes were 
resulted from cell fusion 



Bone marrow stem cells functionally 
contribute to liver fibrosis 

Russo et al., 2006 Gastroenterology






Transplants of neural stem cells led to 
tumors in brain & spinal cord 



Bone Marrow Cells: The Source of 
Gastric Cancer? 



Transplants of neural stem cells of OB 
led to tumors in mice 



Top 10 leading causes of cancer deaths 
in USA 

ONS=Other nervous system. 
Source: American Cancer Society, 2007. 

Men 
289,550 

Women 
270,100 

   26%  Lung & 
bronchus 

   15%  Breast 

   10%  Colon & 
rectum 

     6%  Pancreas 
   6%  Ovary 

     4%  Leukemia 
   3%  Non-Hodgkin 

     lymphoma 
     3%  Uterine corpus 

   2%  Brain/ONS 
   2%   Liver & intrahepatic

    bile duct 
 23%    All other sites 

Lung & bronchus 31% 

Prostate  9% 

Colon & rectum  9% 

Pancreas  6% 

Leukemia  4% 

Liver & intrahepatic 4% 
bile duct 

Esophagus  4% 

Urinary bladder 3%   

Non-Hodgkin                 3%    
lymphoma               

Kidney  3% 

All other sites               24% 



Cancer 
 Cancer:  

 A large group of diseases characterized by uncontrolled 
growth and spread of abnormal cells  

 Cancer cells usually do not achieve same level of 
differentiation as normal cells 
 They are autonomous, excessive and disorganized 

 Neoplasm or Tumor: A mass of new tissue growth independent 
of its surrounding structures 



Changes occur at a cellular level 
•  Cells out of control 

–  Proliferating abnormally 
•  Abnormal daughter cell division 
•  Mature cells begin to divide 
•  Differentiation is abnormal 

•  Abnormal cell differentiation  
–   The degree to which a cell resembles its cell of 

origin in morphology and function.  
–  Cancer cells usually do not achieve same level 

of differentiation as normal cells 
–  They are autonomous, excessive and 

disorganized 



•  Protooncogenes 
–   growth and differentiation (precursors of oncogenes). 

•  Oncogenes 
–   Cancer genes, associated with abnormal cell proliferation. 
–   May cause from DNA mutation 

   -point mutations 
   -translocations 
   -gene amplification 

•   Tumor suppressor genes 
–  Inactivation of tumor suppressor genes allows the malignant 

 process to flourish. 

Changes occur at a genetic level 



Tumor Classification 
•  Anatomical Site 
•  Cell of Origin 
•  Biological behavior 

  There are a large variety of tumors because tumors can originate from any 
cell type 

•  Degree of differentiation: 
  Well differentiated 

•  closely resemble the cell of origin 
•  easily classified by histology   

   Undifferentiated 
-  do not resemble normal cells 
-  more difficult to classify 
-  also called “anaplastic” 



 There are at least two Tumor Categories  
•  Benign- 

–  Usually well differentiated 
–  Does not metastasize 
–  Encapsulated 
–  Slow growing 
–  Benign tumors usually  cause little harm  

Tumor Classification 

•  Malignant- 
–  Well differentiated to undifferentiated 
–  Can metastasize or spread to a site in the body distant  from the 

primary site 
–  Often invade/destroy normal tissue 
–  If left untreated can cause death  



How to name cancer 
•  Sarcomas- tumors arise from mesenchymal cells cartilage, bone, 

muscle.  From cells other than epithelial. ‘ 
–  Example:  Chondrosarcoma or sarcoma of cartilage 

•  Carcinomas- from epithelium cells. All tissues that cover a surface or 
line a cavity.  
–  Example: Squamous cell carcinoma of the lung is a tumor originating 

from the lining of the lung. 

•  Adenocarcinoma- tumors arising from epithelial cells that are glandular.   
–  Example:  Lining of stomach is adenocarcinoma of the stomach. 

63 



•  Chemicals in the environment 
–  Tobacco smoking is associated with lung cancer and bladder cancer.  

–  Hundreds of chemicals have been identified as carcinogens. 

Causes of Cancer 

•  Ionizing Radiation 
–  Sources of ionizing radiation, such as radon gas, can cause cancer. 
–  Prolonged exposure to ultraviolet radiation from the sun can lead to 

melanoma and other skin malignancies. 
•  Infectious Diseases 

–  Virus - The main viruses associated with human cancers are human 
papillomavirus, hepatitis B and C virus, Epstein-Barr virus, and human 
T-lymphotropic virus.  

•  A number of recognized syndromes of cancer with a hereditary component, 
often a defective tumor suppressor allele. 



Basic aspects of tumorigenesis 



Basic aspects of tumorigenesis 
 General Etiology and Pathogenesis of Cancer 



DNA Repair 

Oncogenes 

Activation 

Tumor Suppressor 
Genes 

Inactivation 

Differentiation                Proliferation 
Anti-apoptosis 

CANCER 

 Alterations of Specific Cellular Functions in Cancer 

Basic aspects of tumorigenesis 



 Progressive Acquisition of Neoplastic Features 
Basic aspects of tumorigenesis 



Hallmarks of Cancer Cells 

 Self-maintained 
replication 

 Longer survival 
 Genetic instability 
 Capable of inducing 

neoangiogenesis 
 Capable of invasion 

and metastasis 

 Summarized by Hanahan and Weinberg (2000): Cell Six 
changes for cancer – found in most, if not all, cancers 
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– Apoptosis down-
regulation  

– Lack of response 
to inhibitory 
factors 

– Self-sustained 
proliferation 
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– Apoptosis 
down-regulation 

– Telomerase 
reactivation 



Hallmarks of Cancer Cells 
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replication 
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changes for cancer – found in most, if not all, cancers 

– Cooperative 
genetic damage 

– Mutagenic 
agents 

– Defective repair 
systems 
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Parallel Pathways of Tumorigenesis 



Parallel Pathways of Tumorigenesis 



Cancer Treatment 

•  Surgery 

•  Radiation Therapy 

•  Chemotherapy 

•  Immunotherapy 



Cancer Treatment 

•  Surgery 

•  Radiation Therapy 

•  Chemotherapy 

•  Immunotherapy 

• Alone-  It is limited by 
tumor accessibility, patient’s 
medical condition, tumor’s 
extent 

• In combination with other 
modalities-RT and/or chemo 



•  Can be used alone or in 
combination with other 
modalities – 50% of all 
cancer patients receive RT 

•  Can preserve organ function 
•  Limited by critical structures 
•  Patient must be able to 

endure treatment 

Cancer Treatment 

•  Surgery 

•  Radiation Therapy 

•  Chemotherapy 

•  Immunotherapy 



Cancer Treatment 

•  Surgery 

•  Radiation Therapy 

•  Chemotherapy 

•  Immunotherapy 

•  Can be used alone or in 
combination with surgery 
and RT 

•  Combination of drugs kill 
cells in different phases 

•  Limited by amount of normal 
cell death 



•  Uses the body’s own immune 
system 

•  B and T cells 
•  Natural killer cells 
•  Monoclonal antibodies which 

can be produced to react to a 
specific tumor antigen  

•  Interferons 
•  Interleuken-2 (IL-2) which 

stimulates more T cell 
production 

Cancer Treatment 

•  Surgery 

•  Radiation Therapy 

•  Chemotherapy 

•  Immunotherapy 



Cancer Relapse and Cancer Stem Cells  

 Cancer Stem Cells (CSCs) comprise a unique subpopulation of neoplastic 
cells within tumors that is highly tumorigenic and relatively resistant to standard 
therapy.  
 Importantly, while conventional anti-cancer treatments (e.g. chemotherapy 
and radiation) can often transiently shrink tumors by targeting tumor bulk, these 
therapies fail to target and kill CSCs leading to treatment failure, relapse, and 
ultimately death. 




•  There is a small subset of cancer cells, the cancer 
stem cells, which constitute a reservoir of self-
sustaining cells with the exclusive ability to self-
renew and maintain the tumor. 

Cancer Stem Cell Hypothesis 



Experimental evidences lead to cancer 
stem cell hypothesis 

Only a small subset of cancer cells is capable of  
extensive proliferation! 
 Liquid Tumors 
In vitro colony forming assays: 

 - 1 in 10,000 to 1 in 100 mouse myeloma cells obtained from 
 ascites could form colonies 

In vivo transplantation assays: 
 - Only 1-4% of transplanted leukaemic cells could form spleen 
 colonies 

Solid Tumors 
 -  A large number of cells are required to grow tumors in  xenograft 

models 
 -  1 in 1,000 to 1 in 5,000 lung cancer, neuroblastoma cells, 
 ovarian cancer cells, or breast cancer cell from cell lines can 
 form colonies in soft agar or in vivo 



"   Mid-1800s Tumors arise from misplaced embryonic cells  Recamier JCA. (1829).   
R. Virchow. (1855),  J. Cohnheim (1867), F. Durante (1874) 

"   1907  Microscopic analysis of ovarian teratomas: differentiated teratoma cells 
develop from a single multipotent cell Askanazy  

•  1937  Transmission of leukemia in mice with a single cell Jacob Furth et. al.  

•  1960s Only a small subset of primary cancer tissue was able to proliferate in vivo 
Robert Bruce and Hugo Van der Gaag:  

•  1973  Rare subpopulation of acute myeloid leukemia (AML) can self-renew and to 
give rise to new tumors  M. More et. al.  

•  1997  Dick et. al. Stem cell potential of leukemia cells in mouse 

•  2003  Clarke et. al  Isolation of human breast cancer stem cells 
•  2003  Dirks et. al.     Isolation of human brain tumor stem cells 
•  2003  Weissman et.al.Isolation of human leukemia stem cells 
•  2005-2009   Isolation of lung, pancreatic, colon, prostate, ovary CSC 

Cancer Stem Cells:  Historical Perspective 



What are Cancer Stem Cells? 

•  An accurate definition is critical to enable researchers working in the 
same or different systems to compare cells exhibiting a common set of 
properties. 

•  a cell within a tumor that possess the capacity to self-renew and to cause 
the heterogeneous lineages of cancer cells that comprise the tumor. 

•  Cancer stem cells can thus only be defined experimentally by their ability 
to recapitulate the generation of a continuously growing tumor. 

Cancer Res 2006; 66: (19). October 1, 2006 



Cancer stem cells 

Rare tumor cells that can self-renew and give rise to 
phenotypically diverse tumor cell population to drive 

tumorigenesis 

Normal stem cells 

Rare cells within organs that can self-renew and give rise 
to diverse cell types within the organ to drive 

organogenesis 



 Adult stem cell = undifferentiated    

Transit amplifying cell 

Cancer stem cell = tumorigenic 

Tumor growth v.s. normal tissue growth  

Normal differentiated cell 

Non-tumorigenic cell 

Normal Tissues Tumor 



•  Stem cells, in the true sense of the word, are defined solely by their 
functional properties, and thus, the application of that label does 
not reflect the derivation of the cell or imply a normal cell of origin. 

•  Although normal stem cells may give rise to CSC in some cases, 
this ancestry cannot be inferred purely from the nomenclature. 

•  A‘‘true’’ cancer stem cell in that it must have undergone self-
renewal and is capable of recapitulating the entire tumor 
population.  

•  The origin of such a cell need not necessarily be a normal stem 
cell! 

Cell Stem Cell 4, March 6, 2009 

Why we named “cancer stem cells”? 



•  Cancer stem cells (CSCs) are cancer cells that possess characteristics 
associated with normal stem cells. 

•  These cells are therefore “tumorigenic” in contrast to other non-
tumorigenic cancer cells 

•  CSCs may generate tumors through the stem cell processes of self-
renewal and differentiation into multiple cell types.  

•  CSCs are proposed to persist in tumors as a distinct population 
and cause relapse and metastasis by giving rise to new tumors 

Wikipedia 

Why we named “cancer stem cells”? 



•  Stem cells are long-lived cells which can acquire the necessary 
number of sequential mutations to convert a normal cell into a 
malignant one? 

•  Not only stem cells have the ability to self-renew and neoplasia is 
essentially dysregulated self renewal? 

Origin of cancer stem/initiating cells 



Cancer progression involves a 
multistage evolution process for CSC 

A. Castellanos et al. / Seminars in Cancer Biology 20 (2010) 93–97 

 The evolution of a particular CSC clone can lead to phenotype changes in the 
repopulating cells. and can take place through the acquisition of secondary genetic/
epigenetic alterations as a result of pressure selection along the disease progression 
or after chemotherapy and/or radiotherapy regimens leading to treatment resistance.  



Therapeutic implications of Cancer Stem 
Cells 

 As CSCs would form a very small proportion of the tumor, this may 
not necessarily select for drugs that act specifically on the stem cells 
 Most therapies (chemotherapy and radiation) target rapidly 
proliferating, non-tumorigenic cells and spare the  relatively quiescent 
cancer stem cells 
 Cancer stem cells have greater invasive and migratory properties 
and can home to specific tissue niches 
 Drug resistance (e.g. pump out the anti-cancer drug by ABC 
transporters which are widely expressed in CSCs) 

Is the CSC signature prognostic? 
-  2007 Clarke et al NEJM :CSCs signature correlates with poor outcome 
( 6 tumors) 
- 2007 Polyak et al  Cancer Cell: CD44+ CD24+ Breast Cancer signature 
is poor prognostic indicator 
-2009 Diehn et al Nature:  Association of reactive oxygen species levels 
and radioresistance in breasrt cancer stem cells 



Are we targeting the right cells? 

Trends in Molecular Medicine 2008 Vol.14 No.10 



Identification of human Cancer Stem Cells 



Virgin Pre-lactating lactating Post-weaning 

Structure and Renewal Cycle of Mammary 
Gland 

>Myoepithelial 

>Luminal 
    -Ductual 
    -Alveolar 

Three types of mammary 
 epithelial cells 



Shackleton M,….Visvader JE, Nature 2006 

Generation of a functional mammary 
gland from a single mammary stem cell 



CD 44 staining of breast cancer model 

T. A. Ince 2001 

Isolation of Breast Cancer Initiating Cells 



Breast Cancer Stem Cells:  CD44+ 
CD24low Lin- B38.1+ ESA+ 

CD44 and CD24 – adhesion molecules 
B38.1 – breast/ovarian cancer-specific marker 
ESA – epithelial specific antigen 

Al-Hajj (2003) PNAS 100, 3983 



Self-renewaltumorigenic cells highly 
enriched in CD44+CD24-/lowESA+ Cells 

Al-Hajj (2003) PNAS 100, 3983 



Stem Cell Hierarchy in Normal Mammary 
Gland and Breast Cancer 

Trends in Molecular Medicine 2008 Vol.14 No.10 



Neural Stem Cells in Brains 

Sanai et al., 2005 

Neural stem cells and Glial 
progenitor cells have been found 
in multiple regions of the brain 



Dahlstrand et al., 1992 

Characteristics of Gliomas 

Nestin : Marker for neural stem cell 
or neural progenitor 

 Many Gliomas are found in zones 
where neural stem cells have been 
found e.g. periventricular or 
subventricular zone 

 Gliomas here have also been 
found to express stem/progenitor 
marker- Nestin 



Holland et al., 2000 

Expression of Activated Kras and Akt in 
neural progenitors induces glioblastoma 

• Expression of activated form of Akt and Kras in progenitors (not in 
astrocytes) was able to induce high grade gliomas 

• with histological features of glioblastoma 



Using Neurosphere Assay to Identify 
Brain Tumor Stem Cells 

Vescovi et al., 2006 

The neurosphere assay is a simple and robust assay for the isolation, expansion 
and identification of neural stem cells and has now become the method to identify 
brain tumor stem cells  



•  Cell culture system for normal neural stem cells  
→ long-term self-renewing 
→ multi-lineage-differentiating 

•  Galli R et al. Cancer Res. 2004;64:7011-7021: 
 isolation and serial propagation of „cancer neurospheres“   
 → long-term self-renewing 
 → multi-lineage-differentiating 
 → in vivo tumorigenicity 

•  Singh SK et al. Nature. 2004;432:396-401: 
 Cell surface marker CD133 identifies glioma stem cells 

Brain tumor: “Neurosphere“ assay 



medulloblastoma pilocytic astrocytoma ganglioglioma ependymoma 

Red : Nestin / Green : CD133 

Neurospheres derived from different brain 
tumor expressing Nestin and CD133 

Singh et. al  2003 Cancer Research 63: 5821-5828. 



CD133+ Cells Isolated from GBM induced 
tumor fromation in NOD-SCID mice 

MRI 

CD133- : 0.5x105 ~ 1x105 CD133+ : 100 

Singh et al. 2004 Nature 432: 396-401 



Maturation-Arrest Theory 

Sanai et al., 2005 



Transplants of neural stem cells led to 
tumors in brain & spinal cord 



New concept of the human cancer as a 
a disease of stem cells  



   Expression of CD133 was found in  
• primitive hematopoietic stem and 

progenitor cells    
•  neural and endothelial stem cells  
•  developing epithelium cells 
•  rod photoreceptor cells 

J Pathol 2008; 214: 3–9 



The origin of CD133(+) colon cancer 
stem cells 



CD133(+) colon cancer stem cells 



Schematic diagram illustrating two 
models of crypt stem cell localization 



Prominin 1 marks intestinal stem cells that 
are susceptible to neoplastic transformation 

Zhu et al., 2009 Nature  



Prominin 1 marks intestinal stem cells that 
are susceptible to neoplastic transformation 

Zhu et al., 2009 Nature  



Disrupting normal stem cell division can result in 
hyperproliferation & possibly tumor formation 



Seed & Soil hypothesis 

Lancet Oncol 2008; 9: 808 

 Paget proposed that tumour cells (‘seeds’) must be predisposedto arrest and 
proliferate only in those anatomical sites (‘soil’) that provide a congenial ground 
 The “seed and soil” hypothesis is now widely accepted  and cited.  
 The “seed” may need to be renamed to progenitor cell, initiating cell, cancer stem 
cell, or metastatic cell, 
 The “soil” to host factors, stroma cells inclduign EPC or MSC, or the organ 
microenvironment. 



Mesenchymal stem cells contribute to 
tumor-associated fibroblast 

PLoS ONE 4(4): e4992. doi:10.1371/journal.pone.0004992 



Mesenchymal stem cells contribute to 
tumor-associated fibroblast 

PLoS ONE 4(4): e4992. doi:10.1371/journal.pone.0004992 



Mesenchymal stem cells contribute to 
tumor-associated fibroblast 



Mesenchymal stem cells promote 
cancer progression 



Summary 

  Enriched for tumorigenic ability 
or tumor initiating activity (also 
named as cancer/tumor 
initiating cells) 

  Regenerate phenotype 
diversity (differentiation 
plasticity). 

  Enable serial propagation in 
vivo (self-renewal capability) 

  Display resistance to 
conventional therapies    



Inappropriate expression of stemness 
programs in cancer 



Inappropriate expression of stemness 
programs in cancer 



 The ESC-like transcriptional program is activated in diverse human 
epithelial cancers and strongly predicts metastasis and death 
 In primary human keratinocytes transformed by Ras and IκBα, c-Myc 
increases the fraction of tumor-initiating cells by 150-fold, enabling 
tumor formation and serial propagation with as few as 500 cells 
 Activation of an ESC-like transcriptional program in differentiated 
adult cells may induce pathologic self-renewal characteristic of cancer 
stem cells 

Inappropriate expression of stemness 
programs in cancer 



Inappropriate expression of stemness 
programs in cancer 



Induction of stem cell genes in RB-
knockout fibroblasts 



Induction of stem cell genes in RB-
knockout fibroblasts 


