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



Plasticity ?

 Abllity to change certain cellular function
* Induced effect
« Lasting effect



Examples for plasticity

* Motor cortex plasticity

* Low-frequency median nerve stimulation + trans@ian
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

e Chronic pain



Plasticity of stem cells

 Flexibility to expand their differentiation
potential

 Abllity 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
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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




Calele
Multi-/Unipotent stem cells ...

o expand their differentiation potential ?
e cross lineage barriers ?
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i plays & fole 1 foepl esbabhstaneniy ol i
butterlly evesol ool develop by the ssw
mechanisan, as (5 suggested by commelations in
it variance {22], then cxpreysion: af Fh sip-
naling componertty gl exdine should be asses
ciatcd with fix Toculed in the anterior as well as
the pussterior compartimerr. To test whethcr Hh
igmali pamics focal eutablist re-
gmillessy of s Toualion s the wing, we cxam-
ined hindwing kmaginal dises of Siepeder
ey, & spreies thut fmns eyespos on both
sides of the AP compariment barder {Fig. 340
Peth FniTow and Ci are coexpresscd i all 2
arpmna eyespot fock, inclnding the ane in he
antertor comprriment T 3, Band ). Thns,
the expressiun o the Hh signaling patlowsey ael
endinr is associared with the development of all
yespol foei amd has become indopondent. of
AP conpartinental Testrickions,
Tive novel cxprosyion patiems o &fr, e, of,
A endee could resull leotn independent or
tlependeal clunges in their regnlation during
eyespol evalution, Expoimenal evidence from
Drosapdisla o compartive anudysis 0 buiter-
fligy lewds ws 1o inler dat sone changes in e
exprEssion of A DOty coniponents were
primany wicreas othors were secomdacy canse-
quences, For instune, begiting n e lac
thimd inslur ol the developing Lrosopdile wing
dise, the ability to cxpross erdny m mspomse
Hh sigraling s 1 genemal property of Ci-ex-
pressiny cells. This competcnes iy present
woughout e aaterior samopartment {23) bu is
amly wsed just anlerior o the AP boundary to
pallech intervein tissuc (24, 25), Fxprosston of
ende st to the antenivr of the AP boutdary
in £ eponin and B wepmaes indicates that this
regulatiry cirewil is conzerved dn hutterflies
{mute averlap of Enflaw and C3 in Fig, 3C). The
similatity brtwoen the induclion o endey by
Hit gt the 4T boundary ated in cyespor foei in
lule wing development supgests that during
eyespot evobution, the Hh-lependenl resilatonr
cirenil thal estahlishes et was rocruted from
thes viccuit that acts aloug the AP bamdary ol
the wing (Eig. 41
For thiy Hh regulatary circuit to operste in
fiscu] develupoent, tyve primary spatisl iegmda-
fncy changes nmist have cvolvid, Fimt, mecha-
nisms st bave evalved that medulate lovels
of fth eapression alons the proximodistal axis o
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Turning Brain into Blood: A
Hematopoietic Fate Adopted by
Adult Neural Stem Cells in Vivo

Christophar R. R Bjornson,*t Rodney L. Rietze,*§
Brant A. Reynolds, M, Cristina Magli, Angelo L. Vescovii

stem cells are found in various organs where they participate in tissue ho-
meastasis by replacing differentiated eells lost to physiclogical tumover o
injury. An investigation was parformed to determine whether stem cells are
restricted to produce speciflc cell types, namely, those from the tissue Inwhich
they reclde. After transplantation into invadiated hosts, genetically fabeled
raural stem cells were found to praduce a vatiety of blood cell types including
miyeloid and lymphaid cells as well as early hematopoietic cells. Thus, neural
stem ¢ells appear to have a wider differentiation potential than previously

thought.

Stem cells have been idertified in adult
rissues thal underyn extensive celf replace-
ment due o physiolopical tumaver or inju-
ry such as the hemavopwictic, intestinal, and
epidermal systems (F). These cells have
been fund i the central nervons system
(CNS) (2], 2 tissuc thought & he capable of’

cxtremedy Timited sel(—repair. CMS stam
cetlls can penerate the theee major cell types
found in the adult braim namely, aylos-
cytes, olizodendrocytes, and newrnos (I
Thiz % consislenl with the view (hat the
developmental potential of stem eslls
restricted to the differentisted elemants al’
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Turning brain into blood

 Haematopoetic stem cells (BM) or NSC from ROSA26-
mice (embryonic, adult, clonally derived) were oigx
Into sublethally irradiated Balb/C recipient animal

« ROSA26 mice are transgenic for ladZ ¢oli Beta-

galactosidase)
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: control Balb/C

ROSA26
Balb/C injected vehicle
Balb/C receiving ROSA26-BM

: Balb/C receiving ROSA26-embryonic NSC

Balb/C receiving ROSA26-adult NSC
Balb/C receiving clonally derived ROSA26-NSC



Turning brain into blood

e Clonally derived NSC (grown from a single NSCpatmid
contamination with cells of mesodermal origin

Neurons
Astroglia
Oligodendroglia




Turning brain into blood

e Transplanted NSC adopted a hematopoietic

identity

X-Gal histochemistry to identify
hematopoietic clones derived from NSC

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)






Turning blood into brain

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

« Transplantation of male donor cells in female resifs to
identify transplanted cells by Y-chromosome detecti
(FISH-fluorescent in situ hybridisation)

« Transplanted BM cells were checked for neurondlgiral
contamination



Turning blood into brain

A: female brain section

B: male brain section

NeuN Y-chromosomgDAPI (cell nuclei)
C: double staining foneuNandNSE

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-chromosomeDAPI (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 throutyie 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



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

Turning blood into anything ...

A: lung

B: esophagus

C: stomach

D: colon

E: bile duct cyst

F: skin

Arrows indicate Y-chromosomes



Rapid development

Krause, Gene Therapy 2002

Herzog et al, Blood 2003



Mechanisms

Highly pluripotent HSC changes its  HsSC changes its Cell fusion
cell, not yet gene expression  gene expression  between HSC and
committed to the pattern to an pattern to an non-hematopoietic
hematopoietic alternative cell alternative cell cell
lineage type through type directly

dedifferentiation/
redifferentiation

Herzog et al., Plasticity of marrow derived stem caél®od 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



Lagasse et al, Purified Wang et al., Cell fusion is the
hematopoietic stem cells can principal source of bone marrow-
differentiate into hepatocytes. derived hepatocytes.

Nat Med 2000 (6): 1229-1234 Nature 2003 (422): 897-901




Controversies

Plasticity data are all caused by artifacts !

* Overlay (inaccuracy In detection method;
superimposed nuclel 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

e 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 lager



IPS — an outlook

e Generation of IPS with less required transcripteaxctors
to avoid increased tumorigenicity by reactivation ofyaM
retrovirus

» Generation of viable individuals from IPS
Zhao et al., IPS cells produce viable mice througyapdoid
complementation. Nature, September 2009 (461).(86-9

Boland ez al., Adult mice generated from inducedipbtent stem
cells. Nature, September 2009 (461): 91-94



