BIOPSIA MIDOLLARE DELLO STERNO

SEDI DI PRELIEVO

- MANUBRIO : 1 cm AL DI SOPRA DELL’ANGOLO STERNALE
- CORPO : 11 o 111 SPAZIO INTERCOSTALE

ISTITUTO DI EMATOLOGIA “L. E A. SERAGNOLI”
IINTVERSITA DI RN OGNA



Periodo epato-splenico
Spleen  (12a settimana)

Umbilical
cord

Adult bone marrow

Periodo midollare

Periodo epatico (20a settimana)
(6a settimana)

Fetal liver

Yolk Sac

Periodo mesoblastico
(sacco vitellino)

Shortening of telomere length

Absolute No. of stem cells
and quiescent progenitors
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MICROAMBIENTE MIDOLLARE

Componente vascolare
Cellule reticolari

Struttura nervosa
Adipociti, fibroblasti,
Macrofagi

Cellule stam. mesenchimali

Fibre reticolari/collagene
Prolungamenti cell. reticolari
Proteine d’adesione
proteoglicani




; § R
Natural killer 0 oa
(NK) cel - 5 Neutrophil
T lymphocytes

lymphoid &
progenitor
call ; a '

8 lymphocyte

Hematopoietic
stam cell

e on f
Multipotential Monocyte macLopha‘ga

stam cell -

") ; -

Platelets

Red blood cells

; Marrow
Bone (or cartilage) Hematopoietic
supportive siroma adipocyte

Ostecblast

N\
Stromal \ ‘
stem cell 2 Lining caell

= Osteocyte
Pre-osteobiast

Skeletal muscle stem cell? 7_;"‘ Hematopoletic
# stemn cell

i

Torese Winslow, Lyclic Kbk

Hepatocylte stem cell?




MIDOLLO OSSEO

spezio extravescolare

IMMISSIONE IN CIRCOLO DEGLI ELEMENTI MATURI




SANGUE PERIFERICO

- . |ERITROCITI )~
«. -~ |PIASTRINE

| GRANULOCIT!
- ® - ~ | EOSINOFILI

Fig. 1.62 Normol red celis: meon 8 pm in
drometer with minor variotions in <ize and
shope. The majarity show a central pale area of

demsinished stoming. Platelsts, | -3 jem ccross
are ulso evdent

- R [b]

’ G R A N U L OC ITI Fig. 1.67a and b Normal eosinoghils:

- (o, b) each of thews cells shows two muelear
segments and the typicol coarse sosinoptlic

N E U T R O F | L | grenulation of the oytoplesm.

| | GRANULOCITI
e ey | BASOFILI

el Gk <

Fig. 1,650-¢ Normal newtrophils: (n—<) mature
forms showing typicol suclear lobe separation by
F;g. 1.68a-c HBasophils: (o) the coarse
basophilic granules of these cells often overlie
the nudeus, thus obscuring the detail of its

fine Hilaments, narmol segmented neutrophils
moy show up 10 five kobes; (c) a "Barr body
ortached to o lobe of the nucleus, wh

chis

segmented structure. Only small numbers of

typical of 0 lemale neutrophid and results from
basophas are found i the normol blood film

the possassion of two X chromosomes.



SANGUE PERIFERICO
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Fig. 1.690-d Monocytes (o-d) these cells are
wsually the lorgost white cells found in normal
blood. The nucleus is usually folded or
comnvoluted, with ¢ modengtely fine chromotn
pattern. The oytoplosm typically has o groy
‘graund glass” appearance with fine amrophilic
granules. Some (b) have mther prominent
Cytopleamic vocuoks

_El/".

—

Fig. 1.70a-d Lymphacytes: (a, b) normal small
yrphocytes ore 7-12 pm in diometer with ight
Liue scanty cytoplaosm and a central round
ruclous with o condensed omaorphous chromaotin
pattern. (€, d) Some hmphocytes have
dameters up o 20 pm, and even larger forms
ore found during vire! and other infoections.

MONOCITI

LINFOCITI




EMIVITA DELLE CELLULE DEL SANGUE

ERITROCITI 120 giorni
PIASTRINE 4-5 giorni
GRANULOCIT! 6-8 ore
MONOCITI 3 ore
LINFOCITI VARIABILE




HEMATOPOIESIS
CFU=GM
sELF CFU-Eo
RENEWAL n -
CFU-Bas

== L

S ELTC-IC LTC-Ic CFU-
SEMM BFU-E

STEM CELL POOL

CFU-Mk

PROLIFERATIVE

POOL

CFU-6

Neutrophyls
7 ® —
CFU-M
\ - Monocytes
— &
Eosinophyls

»
»

MYELOPOIESIS

Basophyls

g -

CFU-E
. Erytrocytes
— — -
Megakaryocytes
hsal
— - — . Platelets
:*
MATURATIVE MATURE

POOL BLOOD CELLS



CYTOKINES REGULATION OF HAEMOPOIESIS

CELLULE
STAMINALI

SCF
11
L-12
H-6
G-CSF

i1
GM-CSF
I3
I8

CELLULE
PROGENITRICI

CELLULE
MATURANT]

G-CS8F
GM-CSF

M-CSF

IL-5

iL-8
TPO

EPO

NEUTROFILI

ERITROCITI

PIASTRINE

'. 8d® 8



TAL-1,LDB1
E2A,E47

CMP
GATA-1:PU.1
Hoxab

HS

CBFB,HOXA9,CUTL-1
SCL/LMO2, ID1
GATA-2 lkaros

Fattori trascrizionali emopoietici

Meg
GATA-1,GATA-2
NF-E2,RUNX1,FLI

uni

\biprRe




CFU-GEMM CFU-GM
TGFS, TNFe, INFy, LF/ \ S——

Proliferating

(] (]

staminal cell
BFU-E / CFU-E
Quiescent | " \
Staminal cell o
SCF, IL1, IL3, —_—
IL6, FIt3 . _
ligand, IL11 Limphoid
progenitor

Normal hematopoiesis

cf
G’G

SCF, TPO, IL3, GM-CSk

Y-

CFU-G
SCF, IL6 IL3, GM-CSF

< Y-

CFU-M

Granulocyte

Epo scr

CM-CSF 113

B lymphocyte

-

Pro-enghroblast
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»

Platelets

Erythroblast

antigen >







SELF RENEWAL COMMITTMENT PRECURSOR EXPANSION TERMINAL DIFFERENTIATION

AL A N
y N —
& v
CY /

' Y 4 A\
A CFU-G
/ SCF, IL6 IL3, GM-CSF

| .
CFU-GM S | —

' I

Granulocyte

CFU-GEMM

TGFp, TNFe, INFy, LIF

V' A\

Proliferatin
staminal ce

Quiescent ‘ " \

Staminal cell

SCF, IL1, IL3,
IL6, FIt3
ligand, IL11

Normal hematopoiesis | ‘ =



CFU-GEMM
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S
Epo Scr

T

CM-CSF 113

Proliferating
staminal cell

E[_)g

Red cells

BFU-E / CFU-E

Quiescent | » R Pro-enghroblast Erythroblast

Staminal cell L1

6f antigen ___—»
SCF, IL1, IL3, —_— ’ I
b

IL6, Fit3 _ .
ligand, IL11 Limphoid

progenitor B lymphocyte

Plasma cell

Normal hematopoiesis




Long-term stem cells

Short-term stem cells

Multipotent progenitors

Oligolineage progenitors

Differentiated Progeny




STEM CELL POTENTIALS

Traditional view Evolving view

Irreversible switch Graded propensity
Progeny of Stem cell
stem cells propensity
undergo an decreases
irreversible in a graded

change fashion as cell
which lineages mature
eliminates
their stem
cell propensity




CFU-GEMM CFU-GM
TGFS, TNFe, INFy, LF/ \ S——

Proliferating
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staminal cell
BFU-E / CFU-E
Quiescent | " \
Staminal cell o
SCF, IL1, IL3, —_—
IL6, FIt3 . _
ligand, IL11 Limphoid
progenitor

Normal hematopoiesis
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Adaptive
Immune system




Immunoglobulin genes: V(D)J
recombination

V(D)J
recombination

MIVINX

8 cell Naive
B cell

Kuppers et al N EnglJ Med 1999; 341:1520-1529 a

precursor



Follicular

Memory
dendriic cel

Light zone
Beell

o

Apoptosi

Naive
B cell

Plasa cell

Cyclic re-entry |




Bone marrow Secondary lymphoid
organs

: Selection and class-switch

Follicular ( Memo
dendritic rpllk / R ~all Y
Antigen
V(D)J . U
recombinati Light zone
B cell
> @
B cell Nai

aive
precurso B cell

r

Plas cell

Cyclic re-entry

Adapted from Basso & Dalla-
Favera,

Nat Rev Immunol 15, 172-184
(2015)

Germinal centre



* Dark-zone B-cells (centroblasts)
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Victora & Nussenzweig. Annu. Rev. Immunol. 30, 429-457
(2012)



Victora & Nussenzweig. Annu. Rev. Immunol. 30, 429-457
(2012)

D1J1
Vi{/C

it

Variable region of the IG genes
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D1J1
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5 3 > x
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Variable region of the IG genes
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Selection and class-switch
recombination

L

Light zone

Follicular -
dendrtic el -
Light zone .
B cell '




“ , Memory

B cell
N @

Apoptosis

__ Plasma cell

van Galen, J. C. et al. Eur. J. Imnmunol. 34, 1870-1881 (2004)



. Antigen [ Selection J

Memory B cell

T{"' ema

. Antigen

77

Gitlin et al. Nature. 509:637-640 (2014)
Muramatsu et al. Cell. 102:553-563 (2000)




Germinal centres: B-cell selection and

differentiation
Memory B cell
| J
> : Germinal 2 4 Plasma cell \

centre ;

Naive s
B cell




Immunoglobulm
structure

"'l("

= Fv (Variable Fragment)

. = Fc (Constant Fragment)

Kippers et al N EnglJ Med 1999; 341:1520-1529 a
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Hauser et al. Immunity. 26:655-667 (2007)
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Cyclic re-entry

Epigenetic
plasticity

* methyltransferases (MLL2, EZH2)
* acetyltransferases (CREBBP, EP300)

P
van Galen, J. C. et al. Eur. J. Inmunol. 34, 1870-1881 (2004) ‘ .



A dangerous
downside...

——{recombination

Follicular Memory

dendritic cell B cell
Light zone @
B cell

>| Apoptosis

Class-switch} |

V(D)J tigen
combinatio T
© > O

B cell Naive
precurso B cell
r

Plas cell

Cyclic re-entry

pigenetic
plasticity

Victora et al. Blood 120, 2240-2248 Germinal centre
ON19)




Germinal centre-derived lymphomas

Follicular Memory
__ dendritic cell B cell
Antigen Dark zone
0 B cell @

Light zone
B cell

Apoptosis

¢)

1007
Plasma cell

nght =Y
zone

B cell
s
Hypermutated IG
D1J1
s

Burkltt Follucular GC B cell-like Actwated B cell- llke

* * lymphoma lymphoma DLBCL DI.BCL Kippers et al N Engl J Med 19
K j 341:1520-1529

N




Key Messages

2. The genetic mechanisms involved in FL and DLBCL
development are intimately connected to the
physiologic GC processes

V(D)) Somatic }(Iass-switch ' “Epigenetic
recombination || hypermutation recombination  plasticity




Myeloid proliferations associaled with Down syndrome
Transient abnormal myslopoiesis associalad with
Down syndrome
Myeloid laukaermia associated with Down syndrome

8 Blastic plasmacytoid dendritic cell neoplasm

10 Acuts leukaemias of ambiguous linsage

Acute undifferentialed leukaemia

Mixed-phenolype acule leukasmia wilh
1(9:22)(q34.1:5111.2); BOR-ABL1

Mixad-phenclype acute leukasmia with 1{v;11623.3);
KMT2A-rearranged

Mixad-phenctype acute lsukasmia, Bimyeloid,
nat otherwisa specifisd

Mixed-phenclypa acule leukasmia, Timyeloid,
nat alherwisa specified

Mixed-phenciype acute leukaemia, nol otherwise specified,
rare ypas

Acute leukasmias of ambiguous Ineage,
nat otherwisa specifisd

11 Introduction and overview of the classification of the
lymphoid neoplasms

12 Precursor lymphoid neoplasms
B-lymphoblastic leukaemiaflymphorna,
nat otherwisa specifisd
B-lymphoblastic leukaemia/ymphorma with recurrent
genalic abnormalities
Brlymphoblastic leukaemiaflymphoma with
1(9:22)(g34.1;911.2); BCR-ABLY
Blymphoblastic leukaemiaflymohoma with
tv;11g23.3); KMT24-rearrangad
B-lymphoblastic leukaemiaflymphoma with
112;21)(p13.2:922.1); ETVE-RUNX1
B-ymphoblastic leukasmiaflymphoma with hypardiploidy
Blymphoblastic leukaemiaflymohoma with hypodiploidy
B-lymphoblastic leukaemiafymphoma with
15;14)g31.1,032.1); IGHIL3
B-lymphoblastic leukaemiaflymphoma with
t1;18)(g23;p13.3); TCF3PBEXT
Blymphoblastic leukaemialymphoma, BCEABL -ike
B-lymphoblastic leukaemia/lymohoma with iAMP21
T-lymphoblastic leukasmizlymgshama
Early T-call precursor acute lymphoblastic leukasmia
NE-ymphoblashc leukasmia/lymphoma

13 Mature B-cell neoplasms

Chrenic lymphocytic laukaamia/

small lymphocytic ymphoma
Monaclonal B-gall lymphocytosis

B-call prolymphocylic leukaamia

Splenic marginal zone lymphoma

Hairy cell lsukasmia

Splenic B-cell ymphomafeukasmia, unclassifiable
Splenic diffuse red pulp small B-call lymphoma
Hairy cell leukagmia varian

Lymphoplasmacylic lymphoma

Monaclonal gammopathy of undetermined significance
(MGLUS), IgM

169

170

173

179

203

203

203

204
205
206

206

207
208
208
209
212
213

al

216
220
222
223
226
229
229
230
232

236

Heawy chain dissases
Mu heavy chain diseasa
Garmma heavy chain disease
Alpha heavy chain disease
Plasma call neoplasms
Nar-lgh monoclonal gammopathy of undetermined
significance
Plasma call myeloma
Plasma call myeloma variants
MNon-gacrelory myeloma
Plasrna cell leukasemia
Plasmacyloma
Solitary plasmacytoma of bone
Exraossecus plasmacytoma
Manaclanal immunaglobulin deposition diseases
Brimary amyloidosis
Light chain and heavy chain deposition diseases
Plasma cell necplasms with associaled
paransoplastic syndroma
POEMS syndrome
TEMPI syndrome
Extranodal marginal 2ane lymphoma of mucosa-associated
lyrniphaid tissue (MALT lymphoma)
Modal marginal zone lymphama
Pasdiatric nodal marginal zone lymphama
Follicular lymphoma
In situ follicular neoplasia
Duodenal-type follicular lymphoma
Paediatric-type follicular lymphoma
Large B-cell lymphama with IAF4 rearrangermant
Primary cuaneous follicle centre lymphoma
Mantle cell ymphoma
Laukaamic non-nodal manta call lymphoma
In situ mantle cell neoplasia
Diffuse large B-cell lymphoma (DLBCL), NOS
T-cellhistiocyte-rich large B-cell lymphoma
Primary diffuse large B-cell lymphoma of the CNS
Primary culaneous diffuse large B-cell lymphoma, leg type
EBV-positive diffuse large B-cell lymphoma, NOS
EBV-pasitive mucoculaneous Ulcer
Diffuse large B-cell lymphoma associated with
chronic inflammation
Incidanial diffuse large B-cell lymphoma associatad
with chronic inflammation
Lymphomataid granulomatoses
Frimary madiastinal (Ihymic) large B-cell lymphoma
Intravascular large B-call lymphoma
ALK-positive large B-cell lymphoma
Flasmablastic lymphoma
Primary effusion lymphema
HHV8-associalad lymphoprolferative disorders
Multicertric Castleman disease
HHVE-positive diffuse large B-cell lymphoma, NOS
HHV8-positive germinoirapic lymphoprolilerative disorder
Burkitt lymphoma
Burkit-like lymphoma with 11 aberration
High-grade B-cell ymphorma
High-grade B-cell lymphoma with MYC and BCL2
andfor BCLE rearrangement
High-grade B-cell lymphoma, NOS

255
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SOURCES OF HEMATOPOIETIC
STEM CELLS FOR TRANSPLANT

Cord Blood 0.5%
Bone Marrow 1%

Mobilized Peripheral Blood 0.1-10%



THE CD34 ANTIGEN

CD34 ANTIGEN

Me {~SA} = 150 hD
Me {~CHO) = 40 XD

—< N - LINKED CHO
--?"‘_'- O - LINKED CHO

COOH

I09% Ser! It
(aoh A)
| exiondod?

|
|
1

Qb ?

ACTIVATED PROTEIN
KINASE C
 OTHEHA KINASES?

For more than a decade, CD34
molecule has been the best-
known marker of HSC:

Berenson et al (1988) reported
successful hematopoietic
reconstitution in baboons with
selected CD34* bone marrow
cells.

M.W. 110-120 kDa
Chromosome localization:
1932



LFA-1

CD34

o4pl \

asSpl CD44
P-selectin
c-kit 7 Thyl
L-selectin
FIt3
+ +

ICAM Collagen Fibronectin Laminin Proteoglycan VCAM-1

Thrombospondin
Rec m

Kit Rec Selectin Rec




Enﬁgsﬁeum y }

rLow ROS Level

| Interaction with SNO, CAR o
ECM: N-Cad, NotchiJag,
Tie2/Ang1, CxCR4/SDFT, CaR...
\ Cytokines : TGF-f1, OPN, &CF...

Interaction with CAR :
CxCR4/SDF-1, VYCAM-
TALAD...

Morphogen Pathways .
Notch, Shh, wnt

High ROS level
Cytokines : Epo, TPO,
GM-CSF, G-CSF,

. Quiescence _
" Multipotency Cycling
Self-renewal or Proliferation
N | 1 commitment and differentiation

2 0




TRANSPLANTATION ASsSAY

* Sublethdl IFradiation

‘Growth Factors 2 d'Weeks
i.p.

ICFC/LTEIC Assays:
Elhf‘-ifc‘h'j';tﬂ. metry:
Southern/Blot!




Trapianto di CS Allogeniche
Reinfusione
Cellule del donatore_
Cellule staminali
CD34+

GvHD

GVHD

CHT +/- RT
Mieloablativa g
Immunosoppressiva I

Chimerismo
completo




III

e capacita di “self-renewa

e capacita di dare origine a progenitori multipotenti

e capacita di dare origine a precursori “committed”
(differentiation plasticity)
e Capacita di engraftment

e Plasticita (developmental plasticity)

La cellula staminale emopoietica
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Blastocyst

|

Gastrula
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_ , 1 . I
Ectodemm (external layer) Mesoderm (middle layer) | Endoderm (intermnal layer) Germ celis
s [
| | |
Y 1 Y i

el R |

Skin cells Neuron ' Pigment Cardioc Skeletal Tubule cell Red Smocth Pancreatic Thyroid Lung cell  Sperm
of of brain cell miscle muscie of the blood muscle cell cali (alveoclar
epidermis cels kidney cells (in gut) cell)




The embryonic stem cell (ES)

Blastocyst

Totipotent

Derives from inner cell owe
mass of blastocyst % — Bl oa

Sperm &

Pluripotent

Give rise to endoderm,
ectoderm, mesoderm
tiSS U eS Nervous System

Unipotent




The adult stem cell

- Found throughout the
body in all tissues in
specific stromal niches

- Multipotent

- Partially committed with a
key role in damaged
tissues repair




Multi-Organ, Multi-Lineage Engraftment by a
Single Bone Marrow-Derived Stem Cell

Diane S. Krause, Neil D. Theise, Michael 1. Collector, Octavian
Henegariu, Sonya Hwang, Rebekah Gardner, Sara Neutzel, and
Saul J. Sharkis

Percent Donor Engraftment of Nonhematopoietic Tissues 11 Months Post Transplant

Bronchi Alveoll Esoph Stomach Sm. Bowel  Large Bowel  Skin Bile Duct
M1 3.6 14.8 0 0.5 0.3 0.2 2.6 0.4
M2 2.3 10.3 0.4 0.5 0.4 0.1 2.4 0
M3 3.5 18.7 2.2 0 0 0 1.2 0
M4 2.2 10.1 2.5 0.2 0.4 0.3 1.6 2.2
M5 0 9 0.5 0.4 1.6 0 2.1 0
Mean + SD 232 +145 1258 +407 112114 032021 054+061 012:013 212066 052 = 0.95
Corr." 3.74 20.30 1.81 0.52 0.87 0.19 3.39 0.84

The numbers shown represent the percentage of cytokeratin-positive cells within each tissue that was Y chromosome positive. For each
tissue, over 150 cytokeratin-positive cells were analyzed. For stomach, small bowel, and large bowel, 10° to 3.4 X 10° cells were counted for

each mouse,
*The percentage of immunostained epithelial cells that are Y chromosome positive is corrected for the male control for each tissue.




Fluorescence microscopic images
of (A) lung,

(B) esophagus, (C) stomach, (D)
colon, (E) bile duct cyst, (F) skin.




Mobilized bone marrow cells repair the infarcted heart,
Improving function and survival.

Donald Orlic, Jan Kajstura, Stefano Chimenti, Federica Limana, Igor Jakoniuk, Federico
Quaini, Bernardo Nadal-Ginard, David M. Bodine, Annarosa Leri, and Piero Anversa.
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Mesenchymal Stem Cells

fat

one marrow  Wmbilical cord

synovial membtane, synovial fluid (SF),
muscle, dermis, articular cartilage, ete

others

bood OB Euotlelim

FOCOOCOC
tissue g en
igration, homing pytenti

Immunomodulatory
¢ Tell
el

*‘* e Differentiation potential
cytokines |

v v v

Ectoderm Mesoderm Endoderm
J

MSCs are multipotent stromal cells

Phenotype:

Positive (=95% + ) Negative (<2% +)
CD105 CD45

C D 7 3 C D 3 4 mismgmnwm suvival and fimotional recovery of resident
CD90 CD14 or CD11b | ——

CD79a or CD19 Tissue engineering and repair
HLA-DR e e

Direct differentiation to specific tissue;
Regulation the local microexwvironvent or niche for tissue repair,

/\

/]| MSCs;
| (2) Lack of clinical data

Others: pancreatic regeneration;
Lireh Ische ruia; skin regeneration | g

¥
CD73, CD0, CD105

- CD14,CD19,CD31, CD34,
" (D45, and HLA-DR

long-tem
(1) Indefinite association
between the phenotypic
characteristics and the
biological function of

to support the long-ten
safety of MSCs;

(3) Need for further
clanification of multiple
techanistas of MSC
transplant actions in vivo;
(4) Lack of corparsbility
of MSC transplant efficacy




Sources of Mesenchymal Stromal Cells

Peripheral

Bone blood Menstrual

marrow blood

Umbilical
cord blood

Foetal
membrane

Umbilical Chorionic
cord ‘ villi

Cord Dental

membrane . pulp
Wharton's Amniotic
Jelly membrane

Umbilical . Amniotic

cord vein fluid

‘ Ligamentum

flavum

Adipose
tissue

Breast Decidua
milk Placenta basalis

Umbilical Cord



MSC and Hematopoietic Niche

RESEARCH ARTICLE

Mesenchymal stromal cells (MSCs) induce ex
vivo proliferation and erythroid commitment
of cord blood haematopoietic stem cells (CB-
CD34+ cells)

Simone Perucca'?, Andrea Di Palma'2, Pier Paolo Piccaluga®*, Claudia Gemelli®,

Elisa Zoratti®, Giulio Bassi”, Edoardo Giacopuzzi®, Andrea Lojacono®, Giuseppe Borsani®,
Enrico Tagliafico'®, Maria Teresa Scupoli'’, Simona Bernardi' %, Camilla Zanaglio'?,
Federica Cattina', Valeria Cancelli', Michele Malagola', Mauro Krampera’,
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Activities of Mesenchymal Stromal Cells

In vitro/invivo effects:

- Proliferative

- D Iﬁe rentl atlatlve . OSteOblaStS, Osteogenic dlfieiennat'l'oT 1l Sh.oro ifferntation Adipogenic differentation
chondrocytes, adipocytes, myocytes A 7 b N
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- Migration / homing to injured tissue
- Immunomodulatory

- Trophic



Clinical Trials of Mesenchymal Stromal Cells

Number of Clinical Trials (n=516) as
reported on the website
http://www.clinicaltrials.gov
(Accessed 2015). GVHD (graft-versus-
host disease).

Bone and cartilage

diseases
BMT and GVHD
Cardiovascular diseases

Autoimmune diseases

Liver diseases

Cancer


http://www.clinicaltrials.gov/

The IPS: induced Pluripotent Stem cell

(Reprogramming of human somatic cells to pluripotency with defined factors.
Daley GQ et al., Nature, 2008)

Derives from a genetic reprogramming of adult somatic cell
Pluripotent artificial stem cell

Different growth conditions lead to the differentiation into all
possible types of specialized cells
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