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Giulio Bizzozzero:
cellule labili, stabili e perenni

* Giulio Bizzozzero (1846-1901, Professore di
Patologia all’ Universita di Torino) SCOpri che
I’eritropoiesi/leucopoiesi ha luogo nel
midollo osseo [1868]; scopri le piastrine. Per
di piu, Bizzozzero comprese che il
rinnovamento cellulare varia nei diversi
tessuti che conseguentemente classifico in:

> labili (es.midollo osseo, epidermide)
» stabili (es. fegato)
» perenni (es. tessuto nervoso, cuore)




In alcuni tessuti s1 notano cellule in mitosi (labili), in altr1 no (perenni),
in altr1 ancora cellule in mitosi compaiono solo dopo un danno (stabili)

Muscolo scheletrico (perenne)
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Cellule staminali

Progenitori
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cellulari simmetriche
asimmetriche

spindle orientation

unpolarized
cell polarity
localization of
determinants

Mom, I didn't
get any Notch!

Hush!
You have to
differentiate now




TWO TYPES OF STEM CELLS:

1. ADULT
(Also include fetal, extra-embryonic and cord blood stem

cells)

They raise no ethical concerns but for certain tissues (and
their diseases) their self-renewal and differentiation potency
may not be adequate

2. EMBRYONIC
Derived from' the blastocystinner cellimass. Unlimited self=
renewal and differentiation potency. T'here are still technical
problemsitorbe solveds However
and thensusensimade difficultorprohbited inicertam
COUNLEICS:




The potency ot stem cells

. Totipotent: all embryonic and extra-embryonic
tissues (blastomer)

. Pluripotent: all embryonic tissues (ICM)

. Multipotent: many: different tissues (usually: oi:
same genm layer, atter gastrulation)

. Oligopoeienizicw tiSSucsiolrone genmlayer

> Unipoientoniy onc ssuc




Jonathan Slack: “Egg & Ego™
Springer, 2001
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Fecondazione e formazione dello Zigote

Ovocito (1n)

Spermatozoo (1n) I

\

Fecondazione
naturale
0

In vitro

Zigote (2n)

7~
Zigote (2n)



Inner Cell
Mass










Cellule staminali
embrionali (ESC)

Box 3. Characteristics of
embryonic stem cells

Non-transtormed

[ndefinite proliferative potential

Stable diploid karyotype

Clonality

Formztion of multi-differentiated tumours (teratomas)
On ec:opic transplantation

Multl-lineage differentiation in viro

Permissive for genetic manipulation

[ncorporation in chimaeras (not practical for human

inner-cell-mass cell
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Blastocist
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ES Cells Make All Cell Types
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Tuba uterina

Stumolazione ormonale della forma-

zione di ovociti maturi, che produce
molti follicoli maturi

Raccolta di ovociti dai follicoli mediante
aspiratore durante laparoscopia

!

e La fecondazione in vitro degli ovociti
awviene ponendoli in capsule di Petri

insieme a spermatozoi capacitati

Segmentazmne degh zigoti n
terreno dn coltura sincheé sono
' qli stadi a 4-8 cellule

Speculo in vagina

Trasferimento diembrioni in seg-
mentazione entro la cavita utenna
mediante catetere insernto attraverso
la vagina ed il canale cervicale

Catetere




® Edwards (1967): da blastocisti di coniglio

vengono ottenute cellule che, coltivate /n
vitro, formano aggregati (embryoid bodies) o

monostrati che possono essere propagati per
diverse generazioni e congelati.




» Evans e Kaufman (1981): coltivano
blastocisti di topo, otttenendo ESC
nti.

Figure 1 Pluripotency of mouse
embryonic stem (ES) cells.

a, Aggregates of mouse ES cells
forming embryoid bodies. The dark
staining shows expression of Sox2 in
the less differentiated cells, whereas
the rind of differentiated endoderm is
unstained. (Image courtesy of A.
Avilion). b, Histological section of a
teratocarcinoma derived from mouse
ES cells. Many diffarent cell types ara
found, all formed from the ES cells,
including representatives of all three
gemm layers. (Image courtesy of M.
Parsons.) ¢, The ultimate test of
pluripotentiality: a chimaera made by
injecting ES cells into a blastocyst. The
pigmented areas reveal the
contribution of ES cell derivatives to the
skin, but alltissues are composed of a
mixture of ES and host embryo
derivatives. Even a single ES cell can
give a chimaera like this.

72 © 2001 Macmillan Magazines Ltd

NATURE VOL 414 1| NOVEMEBER 2001 www.nature.com




Le cellule staminali embrionali possono essere cresciute
indefinitamente in vitro e, a seconda delle condizioni di coltura,
possono generare diversi tipi di cellule differenziate

EC/ES/EG cells
Oct4+, AP+, Telomerase*
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Fluorescence Activated Cell Sorting (FACS)

mixture of cells in liquid
4

photomultiplier tube

Frequency

10 100
Intensity




Midollo Osseo Normale

Granulociti

Eritroidi

1024
SSC-Height ->




Le prospettive per le cellule staminali

Sviluppodi €— —y» Esperimenti per
farmaci e test studiare sviluppo e
di tossicita regolazione genica

Tessuti e cellule per la terapia
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Midollo Cellule Cellule Isole del
Osseo nervose cardiache Pancreas




Organi che oggi possiamo 0 domani vorremmo poter ricostruire




In vitro fertilization

Sperm—\

Normal mouse

Blastogyst
v |
e 3 Normal
“ & embryonic
S0 stem cells

Enucleated
oocyte

Fibroblast

Nuclear-transfer
Nuclear-transfer
‘ embryo
B cell ‘ blastocyst

orTeell— ® Epigenetic state
\ of donor nucleus

Abnormal mouse

Figure 3. Derivation of Embryonic Stem Cells from a Blastocyst, Resulting in Selection for Functional Cells.

Only a few of the cells of a blastocyst derived from a fertilized zygote have the potential to produce an embryonic stem-cell line, and these cells
seem to be selected for by culture conditions (top panel). Mice derived from fertilized zygotes are normal because the sperm and oocyte ge-
nomes have undergone proper reprogramming during gametogenesis (top panel). However, cloned blastocysts and the resultant mice seem
to maintain a memory of the epigenetic state of the donor nucleus they were derived from (bottom panel). This is probably due to faulty re-
programming of the somatic donor nucleus after nuclear transfer and results in abnormal phenotypes and aberrant patterns of gene expres-
sion. These epigenetic abnormalities are represented by the pink halo surrounding the cloned embryo and mouse. In contrast, the derivation of
embryonic stem cells from cloned blastocysts appears to select for fully reprogrammed, functional cells that have lost this epigenetic memory.




Nel 1963 John Gurdon dimostro che era possibile generare delle rane a
partire dal nucleo di una cellula somatica dell’intestino di un girino

EXPERIMENT
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Nel 1997 Wilmuth e i suoi colleghi dimostrarono lo
stesso fenomeno in un mammifero

?
27 February 1997 y International weekly journal of science




Therapeutic cloning

Enuclecated oocyte

Nucleus ‘b AT
+ Q 4-fel:tem:tyo

implantation Differentiate Into |
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a new niche to in vitro _
reprogram
in vivo

Somatic cell
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Differentiate into
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Rag2-deficient

Expand hematopoietic
stem cells in culture
and transplant into

Rag2-deficient mouse

Dissociate embryoid JJ‘ . , -

bodies and infect with [
, . Culture tail-
4 tip cells

retrovirus expressing
HoxB4 : ‘

Induce embryonic

stem cells to A
- X el

differentiate into

embryoid bodies -
) Obtain nucleus

from donor cell

2 J
Repair Rag2
gene in embryonic
stem cells
 —

42 Transfer nucleus into

a4 9 J
\ 73 / enucleated oocyte
Isolate autologous .
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to blastocyst stage

Figure 2. Mouse Model of Therapeutic Cloning.

Tail-tip cells were obtained from mice with a deficiency of recombination-activating gene 2 (Rag2) and cultured, and the nuclei were trans-
ferred into enucleated oocytes. The cloned embryos were cultured to the blastocyst stage to derive autologous embryonic stem cells. After
one of the mutant Rag2 alleles was repaired by homologous recombination, embryonic stem cells were induced to differentiate into embryoid
bodies (embryo-like structures that contain various types of somatic cells) and infected with a retrovirus expressing the homeobox protein
HoxB4. The resultant hematopoietic stem cells were clonally expanded and injected intravenously into irradiated Rag2-deficient animals to re-
constitute theirimmune system. Adapted from Rideout et al.,5¢ with the permission of the publisher.




Possible alternative ways to
generate Embryonic Stem cells

. From oocytes (H. Scholer, Nature 2003 ,not
confirmed

2. From neonatal spermatogonia

. From adult spermatogonia

4. By expressing 4 genes (Oct4, Sox2, Kli4,

c-Myc) into embryonic and adult mouse
fibroblasts (T. Yamanaka, Keystone on Stem

Cells)




Induced Pluripotent Stem Cells
mouse neonatal cardiomyocites

by defined factors
Oct 4, Sox 2, KIf ,c-mic
Oct 4, Sox 2, Nanog, lin 28

Oct 4, sox 2, valproic acid (VPA)




Neonatal cardiomyociteis







