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Composicion elemental del cuerpo humano

700/0 Hzo
Elemento 9% de peso seco % de peso total
C 61.7 18.5
\ 11.0 3.3 .
0 93 > En 70 kg de peso:
H 5.7 1.7
Ca 5.0 1.5 49 kg de H,0
P 3.3 1.0 13 Kg de carbono
K 1.3 0.4 2,3 Kg de nitrégeno
S 1.0 0.3 Etc.
Cl 0.7 0.2
Na 0.7 (0
Mg 0.3 0.1

B, F, Si, V, Cr, Mn, Fe, Co, Cu, Zn, Se, Mo, Sn, I



Organizacion vital

sistemas + sistemas: organismo

1

organo + organo: sistemas

I

tejido + tejido: 6rgano
I

celula + celula: tejido

.................................
Organelas + membrana
|

Conjunto de Biomoléculas + membrana: organelas

................................. T

Biomoléculas: proteinas, ADN, ARN, lipidos, azUcares

1

Moléculas inorganicas //



Capacidad de cambio celular

El cuerpo esta compuesto por 10 13-14 células
(10 -100.000.000.000.000)

Relativizado al espacio que ocupa una persona (0.25m2)>
2.500.000.000.000 m2=
> 65.000.000 de Plazas de Mayo

>10.000 x Buenos Aires

Organismo con alta capacidad de cambio



Organismo con alta capacidad de cambio

Neutrofilos

Celula mayoritaria de los globulos blancos
del sistema inmune

Por dia se producen 100.000.000.000
de neutrofilos
(Cartwright, Blood, 1964, 24:780)

>1.000.000 nacen/seg
5-10X durante una infeccion
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Recambio dseo




Organismo con alta capacidad de cambio

Verde claro:
hueso nuevo

Verde oscuro:
hueso viejo

N

El 10% de los huesos se recambia por ano

(Manolagas et al, Endocr. Rev. 2000 21: 115- 137) /







Células madre

Célulé\\‘s\\\\\\\\\c\on capacidad de:

° autop\\\é\‘\ etuarse (prolongada o ilimitada)
o diferenciarse a distintos tipos celulares
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Pregunta basica

Qué celula madre utilizar?




Células madre

Células con capacidad de:

autoperpetuarse (prolongada o ilimitada)
diferenciarse a distintos tipos celulares

Tipos:

Embrionarias

Adultas
hematopoyéticas
epiteliales
musculo cardiaco
higado
pancreas

sistema nervioso
Reprogramadas y



Comumitted [hiferentiated
cell cells

Stem Cells

14
Human Developmental Continuum ="

B
.
A
Single-cell S-day 5-7 day d-week O-wieek
Embryo Embryi Embryo Embryo Embrya 56 days Infani
A J Teratoearcinoma
¥ Fetal Tissue germ cell tumary
Embryvonic Stem ; e AT
{F':'. s Stem cells Adult” Stem eells
i Fmbryonic Germ Pluripotent Pluripotent
Totiparent (EG} cells ar ar
W oy Multipotent Multipotent Fmbryonal
{primordial germ cells) Carvinoms
Pluripotent E’LTEEIT:‘]J .'.'!i‘t?!:'lln-:tﬁ f:h {(EC) eells
Video desarrollo Pluripotent u:* N .:r.‘f.-';.ru;rmf Pluripotent




Células madre embrionarias




Embrionarias multipotentes

Derivan del embrion en periodo de preimplantacion
o periimplantacidn.
Aisladas hace 20 aiios.

50% de eficiencia en dar lineas celulares
Diferenciables a neuronas, oligodendrocitos, astrocitos,
islotes pancredticos, cartilago, hueso, cardiomiocitos,
cél hematopoyéticas, endoteliales y hepatocitos.

Problemas técnicos

feeder layer (humana)

comportamiento en cultivo muy variable
teratogénicas

-



Diferenciacion




Embrionarias multipotentes in vitro

neuronal stem cell
derivatives

rom blastocyst, to embryonic stem cell line, to somatic cells. hEES: human embryonic stem cell. Photographs 1D, Ward and L. Tertoolen. Hubrecht

Blastocyst

A\ 4
embryonic
stem cells

v
stem cell
1solation

colony of
undifferentiated
stem cells

differentiated
stem cells

cystic structures of endoderm-

like cells from hES

differentiation of hES
into beating muscle




Utilizacion

Mescdermal lineage Ectodenmal insage

traatrmeant treatment




Tl'ansfefred

=
\ blastoyst
o
==

Gastrula

Prenatal and
postnatal
devalopment

Cleavage-stage embryo

{irternal layer)

Utilizacion

Cultured

Elastocyst /
e

Izclated inne

E=tablished embryonic
atam-cell cultura

Blood vessals

Mescdamm Ectodarm In vitro cell
{mickde layer) [eternal lyer) differentiation

-+

= Spinal cord

— Fancreas

Bradley, 2002,
Nat Rev Immunol



PLURIPOTENCY /n vitro differentiation

Smooth muscle actin o-fetoprotein Bl tubulin

Smooth muscle actin o-fetoprotein BlII tubulin




PLURIPOTENCY /n vitro: markers

IH:SSEA1




PLURIPOTENCY /n vivo: Injection into SCID mice




PLURIPOTENCY /n vivo: chimeras

IPS-TTFgfp IPS-TTFgfp
4-3 - 4-3




Embryoid bodies

FGF2 FGF2, FGF2 Cligodendracytes
|—p EGF, FDGF astrocytes

BMP4 or ascorbate )
> Skin

RA, do-CAMP

Ectoderm

Smooth muscle
M-CSF, IL3, IL1 Macrophage  |Mesoderm

G-Kllt.. EPQ Erythrocytes

Ra .
L » Insulin, T3 Adipocytes Endoderm

fn vitro

-

Transplantation into
Cell type P Rodent model

GABAergic neurons Striatum of rat model for Huntington disease™

Glial precursors Brain of myelin-deficient rat
(Pelizagus-Merzbacher disease)®

Dopaminergic neurons Striatumn of rat model for Parkinson disease®
Cardiomyocytes Myocardium of dystrophic mice?

Hematopoietic precursors Irradiated mice: myeloid and lymphoid engraftment™
Hepatocytes CCl4 intoxicated liver damage mice™

Undifferentiated ESCs Myocardium of infarcted rats™




Potencialidad terapéutica

Developmental Origin of a Bipotential
Myocardial and Smooth Muscle Cell

Precursor in the Mammalian Heart

Sean M. Wu,"** Yuko Fujiwara,"® Susan M. Cibulsky,” David E. Clapham,>* Ching-ling Lien,®
Thomas M. Schultheiss,® and Stuart H. Orkin>7%*

Cell 127, 1137-1150, December 15, 2006




Nr de TERAPIAS ESTABLECIDAS
CON CELULAS MADRE EMBRIONARIAS= 0

POR QUE?




Bi-potential Chamber-
Precardiac myogenic = Myocardial Immature specific
mesoderm rogenitor rogenitor _myocyte myocyte

Flk-1*-Nkx2.5- Nkx2.5'"w Nkx2.5Mg"  Nkx2.5* Nkx2.5%/
BryT* c-kit* c-kit*lsl-1*-  c-kit MLC2a/v*  MLC2alv*

L\

c-kit atrial
Ik-1 i3 Okaz.5+ myocyte
' : SMA«*
K/"Q—— VSMC
Or

precursor

Scl* \ )b 7% ventricular

Nkx2.5 -
SMAG* conduction

Endothelial/ system

Hematopoietic VSMC
lineages

Differentiation




A Default pathway -based
transplantation 3 4 weeks

into brain or
kidney capsula
(») MAP2*

©o
3-7 days Q00 7days Tull*
og:o e ->°°°° —> GFAP*

LiF, FGF2 FGF2 )
low density  serum-/feeder- sphere single secondary

Feed er Iayerl ES free condition c:l::::s cell suspension ;::::i':s
Comportamiento en cultivo X JPTT

0% %o
| l ‘ . .. serum-/factoe- 30% survival
uy va r' I a e low density  gee conditions 82‘/:’1,“‘3(“{
ES polyomithin 51% Tull
29% NeuN~

Problemas sin resolver

B EB-based: Stepwise development

Problemas éticos v "

SHH+FGF8

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
[ES] |EB) [Precursors| [Expansion] [Differentiation)
4 days 8 days 6 days 6 days

0o o o
°° °° —_> — 000 —_— e
00 FCS ITSFn © 00 Laminin Laminin
LiF+FCS Nestin WE
34% TuJ 1 YTH*
[DA']

C  Co-culture based: Stromal cell-derived induction activity (SDIA)

ES co-
Pr::'th presursor colonies

neural neural

6-8 days 4-6 days 30% TH*
R —_— 18% GABA*
9% Chol*

serum-/factor- : 2% Ser*
free media estin 92% NCAM
N 80-90% TuJ1*
2% GFAP”




Embryonic stem cells develop into functional
dopaminergic neurons after transplantation
in a Parkinson rat model

Lars Il Bjirdund*™, Rosafo Sanchez-Fernaute® "8, Sanganl Chung *¥, Theress Andersson*¥, s ¥in Ching Chend,
Ea¢in 5t F. McHaught", &Anna-Llza Erownadl*y, Brucs G lenkingt, Cass Wahlestedt, e amg- 5o Klmt Y,
ared Ol |saecmogy o

ES cells ——
Sham ——

TH/NeuN TH/IDAT/AADC
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Fig. 1. Immunohistochemical staining of a graft 16weeks after implantation of Pre TP 5 Weeks 7 Weeks 9 Weeks
a low concentration (1,000-2,000 cells per ul) of D3 ES cells into adult 6-OHDA
lesioned striatum. Numerous TH-positive neuronswere found within the graft (A
and B, green). All TH-positive profiles coexpressed the neuronal marker NeuN (A,
red). TH (B) also was coexpressed with DAT (C, red) and AADC (D, blue), demon-
strated by white triple labeling (E). (Scale bars: A, 150 um; B-D, 50 um; E, 25 pm.)

25% de las ratas con teratomas



Stem CHLS
EmrYONIC STEM CELLS

Persistent Dopamine Functions of Neurons Derived from Embryonic
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Células madre embrionales

Ventaja

Alta plasticidad: fuente potencial de
cualquier celula

S \

Feeder layer
Comportamiento en cultivo m
Tumorigénicas

Respuesta inmunoldgica al trasplant

variable.



Células madre

Células con capacidad de:

autoperpetuarse (prolongada o ilimitada)
diferenciarse a distintos tipos celulares

Tipos:

Embrionarias

Adultas
hematopoyéticas
epiteliales
musculo cardiaco
higado
pancreas

sistema nervioso
Reprogramadas y



Células madre hematopoyéticas
adultas




Células madre hematopoyéticas

1945. Irradiacion y reconstitucion
1961 Identificacion de BMSC del bazo
1980s. Anticuerpos monoclonales y FACS: CD34 (AC133)

Higado fetal>Bazo fetal> BM




Bone marrow «
pluripotent hematopoietic stem cell -

< Z

Bone marrow

O © O

common myeloid
lymphoid progenitor progenitor megakaryocyte erythroblast

JL

Blood

Polymorphonuclear leukocytes

R | & OIS

T cell basophil eosinophil neutrophil  unknown precursor monocyte platelets erythrocyte
5 5 = G S =

Effector cells Tissues

YR

activated
plasma cell T cell mast cell macrophage
phag

De-diferenciacion no ha sido detectada
4 destinos: renovacion, diferenciacion, apoptosis, migracion




Official Poster of the 7 International Worlshop
on Human Leukocyte Differentiation Antigens =~

ggested rale In callular
edral differentl atlon.

or on T and NK cells.

Desaiption and Function

Erythpoyte
Eptthelial Cell




Sca-1+ Thy-1+ o Platelets >20,000/uL
e ANC >500/uL

Negative for: Negative for:
B220 CD10
Mac-1 CD14
Gr-1 CD15
CD3,4, 8 CD16

Ter11 D1
er119 CD19 80 100 150 200

CD34*Thy-1*(x10%kg)

:

WBC /ul {Log)

Platelets x 10 jul {Log)
Hematocrt %

Days after transplantation

Reconstitucion: transplante de médula dsea.

Weissman, Science 2000



Células madre neurales adultas




Potential Stem Cells with Neural Capability

HRestriction Call Saource

s pobant =gt atiaty el
S l-renewann - gbam call

broad pobantial
Sl f-renewang

I

erioed porsential "‘:} el e e Actual Marker: nestin
limited self - renaws Proganitor spinal cor expr'essed in:
AR skeletal muscle progenitor cells,
. IR gasTrointestinal and other tumors,
nen-urcienal _ liver cells,
newranal progenitor  giial progenitor pancreatic progenitor cells,
¥ ¥ endothelial cells,
I R —— adrenal gland cells
funchonal braun sies AC],33

FISLANCT

Neuronal markers: NeuN, b3-tubulin, PSA-NCAM, etc.
Glial markers: GFAP, O4, Ep-l, etc



Nestina: rojo

RIP: rojo
ntina: verde

N

GFAP: verde BITI-tubulina: rojo
Vimentina: verde



E] i -
- w4 BraLy
® IS R

1400 BrdU+/-700 neuronas c/dia.
6% del DG Gage, 2000, Science

%



Las células madre neurales adultas
y el ambiente




MARCADORES MOLECULARES
MORFOLOGIA

# Marcadores de division celular:

Timidina
PCNA
Ki-67

# Marcadores de stem/neuronas inmaduras:

GFAP/Nestina
Tuj
PSA-NCAM
Calbindina
Doublecortin

Célula nueva



Influencia del ambiente sobre la diferenciacion

- - y —

TABLE 1 Distribution of grafted cells

(a) Regional distribution of AHPs in olfactory bulb

SEZ Granule cell layer Glomeruli Total
1 week 258* (73%) 67 (19%) 29 (8%) 354 (100%)
8 weeks 83 (9%) 611 (69%) 201 (22%) 895 (100%)

(b) Phenotypic distribution of AHPs in all grafted areas

Olfactory bulb Hippocampus Cerebellum
Granule Granule Granule Purkinje
Glomeruli cell layer SEZ - cell layer Area CA1 Area CA3 cell layer cell layer
Brdu* 203+t 204 205 102 105 101 ' 100 50
TH* 7%+ 0% 0% 0% 0% 0% 0% 0%
Calb* 10% 0% 2% 48% 3% 4% 0% 0%
BrdU* 201t 202 204 100 103 102 102 60
NeuN* 0% 16% 0% 35% 0% 0% 0% 0%
GFAP* 21% 25% - 29% 4% x5 34% 31% 28% 17%

¢

a, Grafted cells at one and eight weeks after implantation into the rostral tip of RMP were counted from BrdU-immunoreactive sections in the same :
olfactory bulb regions used for data collection in b (one section per animal; five animals per time point). b, Eight weeks post-grafting, sections including =
olfactory bulb, hippocampus and cerebellum were triple-labelled with neuronal markers (tyrosine hydroxylase, TH; calbindin, Calb; and NeuN) and an
astrocytic marker (GFAP) and analysed by confocal microscopy. BrdU-immunoreactive cells were counted in regions outside the injection site in each target
zone. Because of the high abundance of BrdU-positive cells within neuronal layers, an upper limit of 200 sampled cells was imposed. SEZ, subependymal =
zone. E

* The total number of BrdU* cells counted per area.

+ The total number of BrdU™" cells counted per area.
¥ Percentage of cells double-labelled for BrdU and the indicated marker.

Suhonen, JO, et al., Nature, 1996, 383:625 »

EL sitio de trasplante determina el fenotipo



Influencia
del
ambiente
sobre la
diferencia
cion

A: BrdU= verde, NG2= azul [t B R R OR
TH=rojo B: BrdU= azul, :
nestina= verde 10 dias




Tahle 1. Expression of glial and nevronal markers by SN progenitor cells under proliferating conditiens and after diferentiation

Mieshn AZBS M2 GEADP RIP @-tubulin 111
GE2 p roliferation 825 = 5. 7% 121 + 1.9% 1136 + 2.0% s = |.8% 0% 43 + |85
"GFE prohileration TI.2 + 0 .5 + 0.5% [65.02 + 1L7% l|-1 + 1, | % 01 2.0+ LA
G2 differentation 5.7+ 5.5 i 19 A+ 045 R el ML 22+ 1.1% 171 = L%

GFR differentiation 220 + 3 EG 0.8 + 0.5% 2.7+ LR [f5 + 269 .9 =+ 06 17.9 + 349

SM-derived progeniior cells were propagavad in the presence of FGF2 or FGEE for 7 d and then difereniated in the presence of recinodc acid and FBS for 7d. Lineage analysis
wias perfomed by immuncefloorescent staming for Mneage-associated markers: nestin (mliporenn progenitors), AR5 and NG2 jglial progenitor cells), GEAP {a=tmcyies),
RIP {cdigodendrocy =y, and g-wibalin 11 {neurons).

Las células madre de la Sn no se diferencian a
neuronas in vivo, pero si pueden hacerlo in vitro

Potencial neurogénico: OK
Potencial stem: OK
Ambiente neurogénico: NO



Influencia del ambiente sobre la
diferenciacion

Cel madre de la SN en hipocampo= neuronas

BrdU: verde
NeuN: rojo
blll: azul

Cel madre de la Sn en SN: oligos

NG-2 rojo

»



Células madre adultas

Ventajas

Larga experiencia en células madre hematopoyéticas
Sin evidencias de tumorigenicidad
Sin debate ético

Rechazo poco probable (autotrasplante)

Menor plasticidad- especificas de li

Desventajas

Baja homogeneidad de la muestra
Dificil acceso



