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EL PROCESO DE FORMACION DE ORGANOS Y TEJIDOS
IMPLICA TRES PROCESOS BASICOS
CONTROLADOS POR ESTIMULOS EXTRACELULARES
PROLIFERACION CELULAR
DIFERENCIACION CELULAR

MUERTE CELULAR



DIFERENCIACION CELULAR

DEFINICION CONCEPTUAL:

PROCESO MEDIANTE EL CUAL UNA CELULA ADQUIERE
CARACTERISTICAS MORFOLOGICAS Y FUNCIONALES PARTICULARES

DEFINICION OPERACIONAL:
COMO PODEMOS DEFINIR UNA CELULA DIFERENCIADA?

PODEMOS DEFINIR UNA CELULA DIFERENCIADA
EN FORMA OPERACIONAL

1.- CARACTERISTICAS CELULARES O MORFOLOGICAS
2.- CARACTERISTICAS MOLECULARES
(EXPRESION DIFERENCIAL DE GENES)



Desarrollo embrionario
y postnatal

Renovacion de tejidos
homeostasis

Reparacion de tejidos
dano

Ingenieria de tejidos
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Wild-type BMP? mutant
’ Adrenal gland

"4 Kidney

Figure 4.21. Morphological analysis of BMP7 knockout mice. A wild-type (A) and a homozygous BMP7-deficient
mouse (B) at day 17 of their 21-day gestation. The BMP7-deficient mouse lacks eyes. The kidneys of these mice at
day 19 of gestation are shown in (C). The kidney of the BMP7-deficient mouse is severely atrophied. Microscopic
sections revealed the death of the cells that would otherwise have formed the nephrons. (From Dudley et al. 1995;

photographs courtesy of E. Robertson.)




TEJIDOS EN RENOVACION
STEM CELL - CELULAS TRONCALES

MONOPOTENCIALES
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TEJIDOS EN RENOVACION
STEM CELL - CELULAS TRONCALES

PLURIPOTENCIALES



CELULAS DE LA SANGRE
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FACTOR TARGET CELLS PRODUCING RECEPTORS
CELLS
Erythropoietin CFC-E kidney cells cytokine family

Interleukin 3 (IL-3)

multipotent stem cell,
most progenitor cells,
many terminally
differentiated cells

T lymphocytes,
epidermal cells

cytokine family

Granulocyte/
macrophage CSF

GM progenitor cells

T lymphocytes,
endothelial cells,

cytokine family

(GM-CSF) fibroblasts

Granulocyte CSF GM progenitor cells macrophages, cytokine family
(G-CSF) and neutrophils fibroblasts

Macrophage CSF GM progenitor cells fibroblasts, receptor tyrosine
(M-CSF) and macrophages macrophages, kinase family

endothelial cells

Steel factor
(stem cell factor)

hemopoietic stem
cells

stromal cells in bone

marrow and many
other cells

receptor tyrosine
kinase family




TEJIDO CONJUNTIVO — CELULAS MESENQUIMATICAS
FIBROBLASTOS INMADUROS
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EL SISTEMA OSEO COMO MODELO PARA COMPRENDER EL PROCESO
DE DIFERENCIACION CELULAR




Formacién Osea

I_fetus 132 Wk . " Bone: alizarin red
(9.2 cm CRL) 4 Cartilage: alcian blue




FORMACION OSEA
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PROLIFERACION Y DIFERENCIACION DEL
LINAJE CELULAR OSTEOBLASTICO

Linaje Maduracion
Renovacién Comprometido Proliferacion  de la Matriz Mineralizacion
I 1 I 1

BMP BMP Vitamina D Glucocorticoides
TGFB TGFB TGFB Vitamina D
BMP

A A - E_GF-Z — — v
G - F-c-0)-[9-%

Célula

Célula madre . .
mesenquimatica

Osteoprogenitor Pre-osteoblastc  Qsteoblasto Osteocito

L

Msx2
Dix5

—_— ———
Runx2 ——
I ————
e

cFos/cJun
Fra2/JunB

Stein y col., 2004
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EL FACTOR DE TRANSCRIPCION RUNX2

DOMINIOS FUNCIONALES DE LAS PROTEINAS RUNX

Runx1 | | 1 ]
1 87 204 480
RHD NLS NMTS VWRPY
Runx2 | | 1 [ ]
1 118 232 528
Runx3 | | | [
1 64 181 415
RHD Runt Homology Domain (DNA binding, Protein-Protein interaction)
NSL Nuclear Signaling Localization
NMTS Nuclear Matriz Targeting Signal (PST-Rich Domain)
VWRPY Secuencia conservada de aminoacidos (Groucho/TLE)




RUNX2
FACTOR DE TRANSCRIPCION

RUNX2 SE LOCALIZA EN EL NUCLEO DE LA CELULA

AACGGCA | ..
Activacion
de genes




Inactive Osteocalcin Gene

Basal Transcription of OC Gene




Nuclear Matrix



Osteoblasto

Osteoblasto es una célula especializada en
la secrecion de proteina que estructuran
una matriz extracelular mineralizada.

" Ribosoma
Polipeptico
Traduccion
ARMm



PROGRAMA DE EXPRESION GENICA ASOCIADA A
PROLIFERACION Y DIFERENCIACION OSTEOBLASTICA

— . — Células MC3T3
Crecimiento Diferenciacion Proliferacion Diferenciacion
3 5 7 12 19 22 Days
fﬁ\\ H4 . - . -4 B8
/ *OCN N
* 4 288
\4 J/ "ALP OPN : ALP -
Colageno Colagenasa : 118s
ST\ [ T =
PR *BSP OCN
Colageno | _ 5S
C-Fos/c-Jun 1 /
TGFB-R1 E
*OPN f Runx2
p21 | 1 28S
/ _ 1188
_ Mineralizacion : 18S

Proliferacion

Maduracioén
Matriz
extracelular

Matriz
extracelular

Apoptosis

GAPDH

(En verde genes regulados positivamente por Runx2)

.
Niveles relativos de proteina Runx2

Stein y col., 2004



GENES REGULADOS POR RUNX2

Bone Related

TR
w1 Tl TR
TGFR RBCBPION. ... er e er e s e n s
Estrogen Receptont.. ... .

Vitamin D reCeplor. ..
Alkaline phosphalase. ... s
Ol A ENASE. . e

TYPe X COllAOEN. .o v iave e er ettt

Bone sialo protin. ... s
Dentin slalo protein. ..o, R
Osteoprotegenin (RANKL). ... e eenn
3 (=T Ta ] 4 o TR
LT LT Lot T
GaleCtin=d.
L=

[Drissi et al.,, 2000b]

[Enomoto et al., 2000), [Kern et al., 2001]
[Ji et al, 1998]

[McCarthy et al., 2003; Sasaki-lwaoka et
al., 1999; Tou et al., 2001]
[Sasaki-lwaoka el al., 1993]

[Harada et al., 1999]

[Hess et al., 2001; Jimenez et al., 1954
Selvamurugan et al., 1998; Salvamurugan
et al., 2000]

[Zheng et al., 2003]

[Javed et al., 1999]

[Chen et al., 2002b|

[Thirunavukkarasu et al., 2000]

[Sato et al., 1958]

[Ducy et al., 1997; Marriman et al., 1995]
[Stock et al., 2003]

[MeCarthy et al., 2000]




SENALES EXTRACELULARES ACTIVAN LA
TRANSCRIPCION DEL GEN RUNX2

*BM P/TGFp (Lee et al., 1999; )
*MAPK (xiao et al., 2000))

PKA (Selvamurugan et al., 2000)
*FGF (zhou et al., 2000, Xiao et al., 2002)
*Hedgehog (Takamoto et al., 2003)

*Glucocorticoids (changet al., 1998)
*\/itamin D (pucy et al., 1997: Drissi et al., 2002)
*PPARY2 (Lecka-Czemik et al., 1999)
*CAMP (Tintut et al., 1999)

*SIC (Marzia et al., 2000)

*TNF o (Gilbert et al., 2002)

-BAPX1 (Lengner et al 2003)

Purine Rich Purine Rich

:J Functionally validated sm:s
- Putative sites |
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IMPORTANCIA DE RUNX2 EN LA DIFERENCIACION OSEA

Fenotipo esqueletal en ratones

- wt (Runx2 +/+)

- heterocigoto (Runx2 +/-)

- homocigoto (Runx2 -/-) knock out

Notese la ausencia completa de
tincion roja (hueso) en el ratén
Runx -/- .

Komori y cols., 1987.
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Figure 5. Distribution of Osteonectin, Osteopontin, Osteocalcin, and MGP mRNA(A, C, E, G, and |) Radius from d18.5 control
(+/-) embryo. (B, D, F, H, and J) Radius from d18.5 mutant (-/-) embryo. (A and B) Staining with hematoxylin and eosin. (C

and D) In situ hybridization by Osteonectin antisense probe. (E and F) Osteopontin antisense probe. (G and H) Osteocalcin
antisense probe. (I and J) MGP antisense probe. Bar = 0.15 mm.



Rol de Runx2 en el proceso de diferenciacion 6sea

Patologia humana asociada:
Displasia cleidocraneal
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Fig. 3. Mutations or genetic varation in two components of the wnt-signaling pathway (5057 and LRPS) result in a broad spectrum of bone mineral densities.



Figure 3. Inactivation of #-catenin during
Both Intramembranous and Endochondral
Ossification Led to Ectopic Cartilage Forma-
tion at the Expense of Bone Formation

(&) Lacs expression in the developing frontal
bone (arrow) at 14.5 dpc in the Dermoi-
Cre;R26R mouse,

(B) Lacs expression in both chondrocytes
and perichondrium of a tibia in the Col2ai-
Cre;R26R mouse embryo at 15.5 dpe.

(Z) The boxed region in (B) is enlargead,
showing LacZ-expressing cells (amows) in
hoth periosteum and primary spongiosa.
(D-5) Skeletal preparations of mouse em-
bryos. Cartilage was stained by Alcian blus
whereas bone was stained by Alizarin red.
Loss of bone formation and ectopic cartilage
formation are indicated by arrows. F, frontal
hone; B, parietal bone; Mx, maxilla; Mn, man-
dible.

(D) Catnby=+Deymoi-Cre embryo at 15.5
dpc.

(E) Catnby==;Dermo1-Cre embryo (littermate
of [D]).

(F) Enlarged head region of (D).

(G} Enlarged head region of (E).

(H) Enlarged head region of (D), dorsal view.
(I Enlarged head region of (E), dorsal view.
) Catnby=+;:Col2al-Cre embryo at 17.5 dpe.
A forelimb is shown in (P).

(K} Catnby=-:Col2ai-Cre embryo (littermate
of [J]). A forelimb is shown in (Q).

(L) Catnbye«:DermoT-Cre mouse embryo at
17.5 dpec. The dorsal view of the head is
shown in (M) and a forelimb is shown in (R).
(M) Catnby=*:Dermo1-Cre embryo (littermate
of [L]). The dorsal view of the head is shown
in {3) and a forelimb is shown in (S).
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Figure 3. WNT Ligands Regulste f-Catenin during Fracture Healing
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Figure 5. Lithium Trestment Regulates Bone Mass at the Fracture Site

Mice were teated with lithium starting either 2 wh before the fracture jearly treatment) or 4 d after the fracture {late teatment]

{A) freatenin increased 3 wh after fracture in mice receiving either aady or e lithium treatment.

{B-D) Radicgraphic anaksi from mice recsiving early lithium trestment (B, lste lithium teatment (C), ar N0l &8 5 contral (D), show that lithium
enhanced factuse haaling only when given late_ Amows indicate the fracture site

{Eand F) HE staining from mios recsiving sarky or late lithium treatments, res pectively (250, There i immature mesenchymal tissue at the fracture site
in §E), and lange amounts of bone in (F).

{6 Relstive radiopague bone dandity results show that early and |ate treatment have oppodite afects an fracture healing.

{H Histomorphometric analysis on bone volume {BY) as a percentage of total callus tissue volume TV showing that phanmacologic activation of fi-
catenin after healing cells become committed to the osteoblast linsage could improve healing, while treatment at earlier time points inhibited fracture
repain
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MECANISMOS MOLECULARES DE LA DIFERENCIACION CELULAR

MODELO DE FORMACION DE LAS CELULAS DE LA SANGRE
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STEM CELL COMMITTED PROGENITORS DIFFEREMTIATED CELLS



EL FACTOR DE TRANSCRIPCION RUNX1

DOMINIOS FUNCIONALES DE LAS PROTEINAS RUNX

Runx1 || 1 ]
1 87 204 480
RHD NLS NMTS VWRPY
Runx2 | | 1 [ ]
1 118 232 528
Runx3 | | | [
1 64 181 415
RHD Runt Homology Domain (DNA binding, Protein-Protein interaction)
NSL Nuclear Signaling Localization
NMTS Nuclear Matriz Targeting Signal (PST-Rich Domain)
VWRPY Secuencia conservada de aminoacidos (Groucho/TLE)




GENES REGULADOS POR RUNX1

CATEGORY

REFERENCE

Cytokines

-- Granulocyte-macrophage colony stimulating factor (GM-CSF). ... .
== INErIEUKIN-3 {IL-3) ..oovrrriiee i e
- Macrophage inflammatory protein 1-o (IMIP-Ta) .

[Takahashi et al., 1995]
[Cameron et al., 1994]
[Bristow and Shore, 2003)

Cell surface differentiation markers
- T cell receptor (TCR) a, B, &, vsubunits...............................

- Macrophage colony stimulating factor-receptor 1 (M-CSF-R1).........

[Hallberg et al., 1992; Prosser et al., 1992;
Redondo et al., 1952] [Giese et al., 1995]
[Zhang et al., 1994]

[Ji et al., 1998]

- Transforming growth factor p receptor-1 (TGFR-R1).......oocoooi [Taniuchi et al., 2002]
- Cell surface glycoprotein CD4, CD3:, CD36............................... [Puig-Kroger et al., 2003]
Cell surface glycoprotein CO-11a integrin. oo vivivnieoe e [Pardali et al., 2000]
Immunoglobulin i heavy chaln (19u ). ... v e eeree e [Fardali et al., 2000]
- Immuneglobulin i heavy chain (gH)......ooooov
B-cell specific genes
o T by T PR [Babichuk and Bleackley, 1987]
- B cell specific tyrosine kinase. ....................oo [Libermann et al., 1999]
D L e p e N ARy £ b 8 e e L R o e e < ned n s an aen s aen s [Martensson et al., 2001]
Myaloid specific genes
- Mouse mast cell protease-6 (MMCP-8).................................... [Cgihara et al., 1999]
- Myeloperoxidase MPO). ..o e .| [Britos-Bray and Friedman, 1997]
Neautrophil @lastase ... . [Muchprayoon et al., 1994]
PIA(ARF). oo ERRTTIT TP POOOS |Linggi et al., 2002]
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MECANISMOS MOLECULARES DE LA DIFERENCIACION CELULAR

MODELO DE FORMACION DEL SISTEMA GASTRO-INTESTINAL

LUREMN OF GUT

epithelial cell migration
from “birth™ at the bottom
of the crypt to loss at the
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EL FACTOR DE TRANSCRIPCION RUNX3

DOMINIOS FUNCIONALES DE LAS PROTEINAS RUNX

Runx1 | | 1 I
1 87 204 480
RHD NLS NMTS VWRPY
Runx2 | | 1 [ ]
1 118 232 528
1 64 181 415
RHD Runt Homology Domain (DNA binding, Protein-Protein interaction)
NSL Nuclear Signaling Localization
NMTS Nuclear Matriz Targeting Signal (PST-Rich Domain)
VWRPY Secuencia conservada de aminoacidos (Groucho/TLE)
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FAMILIA DE PROTEINAS RUNX

Factores de
Transcripcion
Familia Runx

Funcion
esencial
propuesta

Efecto observado en
ratones con inactivacion
homocigética

Patologia asociada
a su deficiencia en
humanos

Muerte fetal por

Leucemia (2)

Condrogénesis

ausencia de huesos (5)

Runx Hematopoyesis falla en hematopoyesis (1) (mieloide)
Neurogénesis
RUNX3 Timogeénesis Desarrollo anormal del
Desarrollo del epitelio gastrico y de laraiz | Cancer Gastrico (4)
tracto ganglionar dorsal (3)
gastrointestinal
Osteogénesis FELOTES OV, [XEIE Displasia
Runx2 9 inviables debido a la P

Cleidocraneal (6)

Ref.: (1) Wang y col., 1996; (2) Okuda y col., 1996; (3) Levanon y col., 2002; (4) Li y col., 2002;
(5) Komori y col., 1997; (6) Otto y col., 1997.




STEM CELL
TERAPIA CELULAR
BASADA EN CELULAS
CON POTENCIAL DE DIFERENCIACION



Mioblasto

Adipocito \. . condrioblasto

Célula
mesenquimatica

osteoblasto
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Aislamiento de stem cell embrionarias y diferenciacion celular
para terapia de reemplazo de células dafadas en tejidos especificos
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. Tissue Engineering 7 : 211-228, 2001

Experimento de zZuk et al

condrocitos
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Células adherentes mononucleadas
obtenidas de tejido adiposo
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Aislamiento y diferenciacion de células troncales de
tejidos en adultos y terapia celular

Cartilage Gene Therapy

Couresy Mymopong



