
How to turn blood into
neurons? What about plasticity 
in (neuronal) precursor cells?



Plasticity ?

• Ability to change certain cellular function 
• Induced effect
• Lasting effect



Examples for plasticity

• Motor cortex plasticity
• Low-frequency median nerve stimulation + transcranial 

magnetic stimulation onduced enhanced motor cortex 
excitability (Stefan et al. Brain 2000)

• Changes in the extend of primary 
somatosensory cortical representation due 
to training or deafferentation

• Chronic pain



Plasticity of stem cells

• Flexibility to expand their differentiation
potential 

• Ability to cross lineage barriers



Stem cell replication

• Stem cells are capable of self 
renewal + differentiation into 
mature cell types

• Stem cells are subclassified 
based on species of origin, 
tissue of origin and potential of 
differentiation

self-renew

growth factors
adhesion ligands

antigens

differentiate



Neurons generate from neural 
stem cells (NSC)



Totipotent stem cells : can differentiate into any cell type
in the body; generally cells from the first few divisions after
fertilization;

Pluripotent stem cells : descendents of totipotent stem cells
which develop by about Day 4 after fertilization; can 
differentiate into any cell type other than totipotent cells

Multipotent stem cells : descendents of pluripotent stem
cells and antecendents of specialized cells in particular
tissues; Ex: hematopoietic stem cells found in bone 
marrow give rise to all forms of blood cells

Progenitor cells “unipotent stem cells” : can produce only
one cell type; Ex: erythroid progenitor cells differentiate
into only red blood cells

Stem Cell Classifications



???
Multi-/Unipotent stem cells …

• expand their differentiation potential ?
• cross lineage barriers ?



!!!



Turning brain into blood

• Haematopoetic stem cells (BM) or NSC from ROSA26-
mice (embryonic, adult, clonally derived) were injected 
into sublethally irradiated Balb/C recipient animals

• ROSA26 mice are transgenic for lacZ (E.coli Beta-
galactosidase)

1: control Balb/C
2: ROSA26
3: Balb/C injected vehicle
4: Balb/C receiving ROSA26-BM
5: Balb/C receiving ROSA26-embryonic NSC
6: Balb/C receiving ROSA26-adult NSC
7: Balb/C receiving clonally derived ROSA26-NSC

PCR for lacZ in spleenic DNA



Turning brain into blood

• Clonally derived NSC (grown from a single NSC) to avoid 
contamination with cells of mesodermal origin

Neurons
Astroglia

Oligodendroglia



Turning brain into blood

• Transplanted NSC adopted a hematopoietic 
identity

A: colonies from Balb/C BM
B: colonies BM of NSC recipients
C: few unlabeled clones in Balb/C
D+E:  granulocyte-macrophage characteristics
G+H: pure macrophage characteristics
F: granulocytes (MGG staining)
I: macrophage (MGG staining)

X-Gal histochemistry to identify
hematopoietic clones derived from NSC



!!!



Turning blood into brain

• PU.1 -/- mice (lack macrophages, neutrophiles, mastcells, 
osteoclasts, B-/T-lymphocytes) as BM recipients by 
intraperitoneal injection within 24h after birth

• Transplantation of male donor cells in female recipients to 
identify transplanted cells by Y-chromosome detection 
(FISH-fluorescent in situ hybridisation)

• Transplanted BM cells were checked for neuronal and glial 
contamination



Turning blood into brain
A: female brain section
B: male brain section
NeuN, Y-chromosome, DAPI (cell nuclei)
C: double staining for NeuNand NSE

D-G transplanted female mouse
D: brain section; 

Y-chromosome stained with NBT/BCIP 
E: NeuN, Y-chromosome
F: DAPI (cell nuclei)
G: NeuN, Y-chromosome, DAPI (cell nuclei)

2.3 – 4.6 % of all cells were Y-chromosome 
positive
0.3 – 2.3 % of the NeuN positive nuclei were 
positive for Y-chromosome 



Turning blood into brain

A-e‘: cingulate cortex; 5 different levels through the section

A-E: DAPI + Y-chromosome
a-e: NeuN+ Y-chromosome
a‘-e‘: NeuN+ DAPI + Y-chromosome

Conclusions: BM cell influx as a possible 
additional source for CNS neural cells



!!!

Turning blood into anything …

A: lung
B: esophagus
C: stomach
D: colon
E: bile duct cyst
F: skin
Arrows indicate Y-chromosomes

Multi-Organ, Multi-Lineage Engraftment by a Single 
Bone Marrow-Derived Stem Cell. 
Krause DS et al., Cell 105: 369–377, May 4, 2001



Rapid development

Krause, Gene Therapy 2002

Herzog et al, Blood 2003



Mechanisms

HSC changes its 
gene expression 

pattern to an 
alternative cell 
type through 

dedifferentiation/
redifferentiation

Highly pluripotent 
cell, not yet 

committed to the 
hematopoietic 

lineage

HSC changes its 
gene expression 

pattern to an 
alternative cell 
type directly

Cell fusion 
between HSC and 
non-hematopoietic 

cell

Herzog et al., Plasticity of marrow derived stem cells. Blood 2003



Proving stem cell plasticity

Definitive proof requires that 
multiple tissues, expected and 
unexpected, be derived from a single 
cell and that the differentiated cells 
within the tissue function 
appropriately for that tissue.

Horwitz EM, Arch Med Res 2003



Adopted from Horwitz, 2003



Wang et al., Cell fusion is the
principal source of bone marrow-
derived hepatocytes. 
Nature  2003 (422): 897-901

Lagasse et al., Purified 
hematopoietic stem cells can 
differentiate into hepatocytes. 
Nat Med 2000 (6): 1229-1234



Controversies

Plasticity data are all caused by artifacts !

• Overlay (inaccuracy in detection method; 
superimposed nuclei of 2 cells are detected)

• Irreproducibility of data (possibly due to 
different study design)



Conclusions

• Convincing data that BM cells can differentiate 
into tissues other than blood. 

• Experiments have to be standardized and 
optimized.

� Potential clinical applications are only limited 
by our imaginations and by the potential of the 
cells.

• Recent data show that reprogramming is possible
(inducible pluripotent stem cells – iPS; lecture
07.01.2010)



iPS – an outlook

• Lineage-restricted cells can be reprogrammed to a  
pluripotent state through overexpression of 
defined transcription factors (Oct4, Sox2, c-Myc, 
Klf4) by retroviral/lentiviral transduction

• Mouse and human iPS generally exhibit a normal 
karyotype (i.e. no chromosomal abnormalities), 
are epigenetically similar to ES (nearly identical 
gene expression profile) and maintain the potential 
to differentiate into derivatives of all germ layers.



iPS – an outlook

• Generation of iPS with less required transcription factors 
to avoid increased tumorigenicity by reactivation of cMyc 
retrovirus

• Generation of viable individuals from iPS
Zhao et al., iPS cells produce viable mice through tetraploid
complementation. Nature, September 2009 (461): 86-90
Boland ez al., Adult mice generated from induced pluripotent stem 
cells. Nature, September  2009 (461): 91-94


