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Embryonic stem cells

• Proliferates indefinitely

• Always pluripotent (teratoma assay)

• Can differentiate to cells typical of all three germ layers 
(ectoderm, mesoderm, endoderm)

• But: we can not yet fully control the differentiation

• Teratogenesis

• Always allogeneic



Cells from different people are different 

Can stem cells from one individual still be used to treat 
another individual?

HLA



Unfertilized egg

Somatic cell

Somatic cell nuclear transfer



Background:

Reprogramming of differentiated cells has been shown to be 
possible:

• Somatic cell nuclear transfer (Wilmut et al., 1997)

• cell fusion with embryonic stem cells (Cowan et al., 2005; Tada 
et al., 2001)

Is it possible to induce pluripotency in end differentiated 
cells by introducing a limited number of genes?



Induced pluripotent stem cells



Unsolved issues for the clinical use of hIPCs

• If gene transduction is to be used: random 
insertion of transgene?
• If the cells need to be reprogrammed to 
pluripotency: malignancy, neodifferentiation 
strategy
• If transdifferentiation is possible: complete 
transdifferentiation?



Hematopoietic stem cell transplantation has 
been used in the clinic for more than 40 years



Hematopoietic stem cell transplantations

• Autologous: From the patient herself

• Allogeneic: From another individual

» Family (including umbilical cord blood)

» Bone marrow donor registries

» Umbilical cord biobanks

» For all these: HLA compatibility very important

Lorentz Brinch, Department of 
Blood Diseases, OUS





Organization of stem cell transplants in Norway:

Autologous (høydosebehandling med autolog stamcellestøtte: HMAS)

• All University hospitals in Norway

• Oslo Universitetssykehus:

– Ullevål: Lymphomas and multiple myelomas

– Rikshospitalet: Multiple myelomas, solid tumors (children)

– Radiumhospitalet: Lymphomas, some solid tumors

Lorentz Brinch, Department of 
Blood Diseases, OUS
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High dose chemotherapy followed by autologous bone marrow 
transplantation  is an option for patients with lymphomas

Arne Kolstad, 
Norwegian 
Radium Hospital 
OUS



Allogeneic stem cell transplantation:
bone marrow depletion

Day     -8      -7      -6      -5     -4      -3      -2      -1        0 +1

Bu Cy      Cy

Bu: Busulfan : 16 mg/kg in total

Cy: Cyclofosfamid : 120 mg/kg in total

Stem cell infusion:

From bone marrow or blood

Lorentz Brinch, Department of 
Blood Diseases, OUS



Difference between autologous and 

allogeneic HSC transplantation

Autologous Allogeneic

Healthy stem cells + +

HLA compatibility Yes Very important

Transplant rejection - +

Need for treatment against 

rejections
- +

Transplant versus malignancy 

effect
- +

Lorentz Brinch, Department of 
Blood Diseases, OUS



Diseases treated with allogeneic stem cell transplantation



Allogeneic stem cell transplantation in Norway:
only performed at Rikshospitalet



Hematopoietic cell transplantation, 2nd edition 1998;319





Tissue engineering

Elements:
• Cells

• Biomaterials

• Imaging

• Advanced surgery

In the clinic:
• Heart 

• Cartilage

• Bone

• Eye



Stem/progenitor cells in the bone marrow

• Kan dyrkes

• Stamcelle for brusk, bein, fett

• Kan transdifferensiere til 

hjertemuskel-celler (?), 

muskelceller, andre celletyper

• Produserer faktorer som er viktige 

bl.a. for utvikling av nye blodårer

• Kan dyrkes

• Stamcelle for brusk, bein, fett

• Kan transdifferensiere til 

hjertemuskel-celler (?), 

muskelceller, andre celletyper

• Produserer faktorer som er viktige 

bl.a. for utvikling av nye blodårer

MSC                          HSC                     EPC                       MAPC                      SP





Cardiac repair: can bone marrow cells improve myocardial function 
in patients with acute myocardial infarction (AMI)? 

• Kan dyrkes

• Stamcelle for brusk, bein, fett

• Kan transdifferensiere til 

hjertemuskel-celler (?), 

muskelceller, andre celletyper

• Produserer faktorer som er viktige 

bl.a. for utvikling av nye blodårer

• Kan dyrkes

• Stamcelle for brusk, bein, fett

• Kan transdifferensiere til 

hjertemuskel-celler (?), 

muskelceller, andre celletyper

• Produserer faktorer som er viktige 

bl.a. for utvikling av nye blodårer

MSC                      HSC                  EPC                   MAPC                   SP

a) Blood is 
aspirated to get 
serum b) Bone marrow 

aspiration day 4 - 5

Injection into the 
affected coronary 
artery or into the 
myocardium
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Expected improvement in LVEF after AMI by routine treatment



Results on LVEF in clinical trials with 
Bone Marrow Cells in AMI
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What is the reason for the limited success?

Normal heart

The human left ventricle contains
~ 4-5 x109 cardiomyocytes

Approximately 1% HSC in BM-MNC

Injection of 150x1x106 BM-MNC  1.5x106 HSC

AMI

25% MI destroys ~ 1x109 cardiomyocytes



Very few of the injected cells home to or 
remain in the myocardium

Hou et al

Circulation 2005;112[suppl I]:I-150-I-156

Analysed 1 hr 
after injection



Nature 2004;428:664-8

Nat Med 2004;10:494-501

Nature 2004;428:668-73

PNAS 2007;104:17783-8





Is it possible to improve myocardial function using 
cell therapy or tissue engineering following AMI? 
Probably

Should this be offered to patients in acute stage MI? 
Unlikely, the cells need to be expanded in vitro, and 
should be autologous

Which are the best cells to use? Not known, animal 
studies are ongoing

What would be the most likely mechanism for the 
effect of cell therapy?
• Transdifferentiation transplanted cells 
cardiomyocytes? Perhaps, but unlikely
• Stimulation of endogenous repair mechanisms?
More likely
• Improvement of local blood supply? Important, 
may need to include cells specifically for this 
purpose



Can adult stem cells be used to treat focal 
lesions of hyaline cartilage?

http://www.future-drugs.com/na101/home/literatum/publisher/fud/journals/production/erd/2007/4/3/17434440.4.3.373/images/large/graphic25.jpeg


In vitro expanded chondrocytes is used for 
regeneration of hyaline cartilage, but the 

result is frequently fibrocartilage



Mesenchymal stem cell

Bone marrow
Adipose tissue
Synovium
Skeletal muscle?
Skin fibroblasts?



The scaffold can be made to shape of choice
• Cells are quite evenly distributed
• The alginate can be easily removed
• Alginate may be made biodegradable?

3 mm = thickness of
hyaline cartilage of knee

Size of the lesion

Alginate as a scaffold for chondrogenic differentiation of MSC



Expression of proteins of importance for chondrogenesis after 
21 days of differentiation in alginate discs



MSC may exert immunosuppressive effects



Diseases of the cornea may be treated with stem 
cell therapy

• The first corneal transplant was 
performed in Norway in 1933.

• Corneas are kept in a tissue bank at the 
Center for Eye Research, Ullevål

• Can be stored for up to 4 weeks befor the 
operation.

Challenges:

• Some corneas must be discarded before 
the operation due to poor quality tissue.

• Some transplanted corneas become non-
translucent

• There is a lack of corneas, many are 
bought from USA, expensive

Morten C Moe, Department of 
Eye Diseases, Ullevål



Strategy

• The different layers of the cornea 

have their own stem cells

• In patients with damage to only one 

of the corneal layers, stem cell 

therapy may be sufficient

Morten C Moe, Department of 
Eye Diseases, Ullevål



GAQ-2005

Transplantation of autologous limbal stem cells to a 
patient with stem cell failure

Morten C Moe, Department of 
Eye Diseases, Ullevål



Preoperativt Dag 1 Dag 7

Dag 30 Dag 450

Tsai et al, 2000,

The New England Journal 

of Medicine

Corrosion damage

Morten C Moe, Department of 
Eye Diseases, Ullevål



Tumor stem cells

Can expressed genes from glioblastoma stem 
cells be used in a therapeutic vaccination?



Tumor biopsy Leukapheresis

Tumor stem cells

mRNA amplification 
and purification

Monocytes

Immature DCs

Maturation of DCs

mRNA loading 
by electroporation

hTERT and survivin mRNA



The Ex vivo cell laboratory is a GMP regulated production 
facility for cells for therapeutic trials













Stem cells carry a lot of promise for the development of new therapeutic 
options, but they should be introduced into the clinic with great caution


