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Polorizacion y crecumwento axonal v vifro

Stage: 1 2 3 4
Lamellipodia Minor Axonal Dendritic Maturatmn
Processes Outgrowth Outgrowth \%
ﬁ *‘\
Days in
Culture: 025 05 15 4 >7

Dotti et al., 1988

Entre el primer y segundo dia de
cultivo se observa la aparicion
de una neurita mads larga.
Esta neurita crece @
velocidades mds altas que el

100 - resto, y se identifica

e posteriormente como axon.
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Polarizacion y crecumwento axonal: MTy

Bamburg et al., 1986 .
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Poloarizacion y crecumiento axonal: MTy

Bamburg et al., 1986 .
Colcemida

/‘i_,

El ensamblaje local de MTs
permite el crecimiento de las
neuritas

Colcemida
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Poloarvzacién y crecumiento axonal: MTy

Witte et al., 2008
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Poloarvzacién y crecumiento axonal: MTy

3nM Taxol 0.02% DMSO




La
estabilizacion

de los MTs es

esencial para

la formacion
del axon




Poloarizacion y creciumwento axonal: actuna

Bradke & Dotti, 1999
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Poloarizacion y creciumwento axonal: actuna

Bradke & Dotti, 1999
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Poloarizacion y creciumwento axonal: actuna

Citocalasina D
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Bradke & Dotti, 1999
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Poloarizacion y creciumwento axonal: actuna

Bradke & Dotti, 1999

Citocalasina D

—

La inestabilidad de los
filamentos de actina permite el
crecimiento de las neuritas



a Stage 2 Rl .-” | Negative regulation
A L » Membrane elimination
e » Degradation of proteins
. » Decrease in dynamics of F-actin
v * Microtubule catastrophe

---
e S

' 2 v Retraction s,
. + *. Rho GTPases and GEF
. Phosphatase | ' PI3K

Negative % Rho GAP ' Centrosome
feedback signals . ) ¥

X . Extension
. ol PO

PR % Positive regulation
b Stage3 /% “\ » Membrane recruitment
, *. | » Protein transport
. Negative * | * Increase in dynamics of F-actin
‘ feedback signals | « Microtubule assembly

Extracellular signals,
receptors,

adhesion molecules.
Transport of

key regulators

Positive
feedback
loop

Arimura & Kaibuchi, 2007



Neuronas en estadio 3
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—-— —-— -
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*
Dotti & Banker, 1987

Neuronas en estadio 4

)  MAP-2 (red)

a
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Bradke & Dotti, 2000
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El proceso mas largo da lugar al nuevo axén,

independientemente de si era o no el axén
previamente
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Dendritic
Outgrowth

Citocalasina D /\!ﬁ

Overlay

Bradke & Dotti, 2000



4
Dendritic
Outgrowth

Citocalasina D /%

Overlay

Bradke & Dotti, 2000

La desestabilizacion de los filamentos de actina en

neuronas maduras transforma las dendritas en axones




Polarudad epitelial vy polaridad newronal

H
u /q«
Célula Célula
epitelial neuronal

Glucoproteinas VSV —> Membrana basolateral —> Dendritas y soma

Hemaglutinina Influenza —> Membrana apical = Axén



Polariudad epitelial vy polaridad newronal

Proteina basolatera
Proteinas apicales

p75/NGFR

Célula Célula
epitelial neuronal

Jaber & Banker, 1998

Glucoproteinas VSV —> Membrana basolateral —> Dendritas y soma

Hemaglutinina Influenza —> Membrana apical = Axén



Pi@ fcomplex

Overlay

EGFP-mPar3 Anti-Tau 1 Overlay

Shi et al., 2003



Stage 2 Stage 3

Leading edge
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‘Directionally persistent migration |

Peftrie et al., 2009

Shi et al., 2003



apical
retraction

dendnte
development

EGFP-mPar3 Anti-Tau 1 Overlay

Zolessi et al., 2006

Shi et al., 2003




EGFP-mPar3 Anti-Tau 1 Overlay

Zolessi et al., 2006

Shi et al., 2003




Componentes celulares y axonogénesis

Centrosoma
Golgi
Endosomas



Componentes celulares y axonogénesis

Epithelium

Neurons

>

Calderdn de Anda et al., 2005

Centrosoma
Golgi
Endosomas
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Calderdn de Anda et al., 2005
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Calderdn de Anda et al., 2005




Epithelium

Neurons

Calderdn de Anda et al., 2005
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Pericentrin y-tubulin

Stiess et al., 2010




Centrin1-GFP

5' axotomy

Centrin1-GFP

Calderdn de Anda et al., 2008

Ablated cell

Control cell
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Centrosoma
Golgi
Endosomas

AR

v-tubulin

Stiess et al., 2010
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Componentes celudares y axonoginesis

18-24-hrs.
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270 min 294 min
Distel et al., 2010




RPE basal membrane

Al
O
m

dendnte
development

axon extension

NE basal membrane

270 min

294 min
Distel et al., 2010

Zolessi et al., 2006



dendnte
development

axon extension

MNE basal membrane Zolessi et al., 2006



Componentes celudares y axonogénesis

pia

cP

£

sSVZ

VZ

lateral ventricle

Apical dendrite —=—

Intermediate
pragenitor

g
%

Meka et al., 2020



Componentes celulares y axonogénesis

T toading procoss Locomotion (BP)

<
Dominant process -

MP-stage axonogenesis

Multipolar migration (MP)
Sakakibara et al., 2014



[ntferacciones celudares y axonogenesis

—
Anterior l Dorsal muscle | PLM axon

Early -
= UNC-40

PLM axon—

UNC-B—{. !,Ventral musclg l

Ventral nerve cord —

Adler et al., 2006




[nferacciones celudlores y axonogéinesis
g |

38.5 nm

Gartner et al., 2012



[nferacciones celdares y axonogénesis

A390 N-cadherin

Control

Aligned Misalighed

Gartner et al., 2012



[nferacciones celudares y axonogénesis

Aligned Misaligned

A390 N-cadherin

La N-cadherina es
un determinante del

cP sitio donde surge la
‘ / ‘ primera asimetria

: 8y 4,
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b AP +2 -

B SVZ
e
-

Gartner et al., 2012



[nferacciones celudlores y axonogéinesis

salf-
assembly r]‘HI

—[i chain intagrins

coiled-coil domain

nidogen

o chain [

integrins perlecan

+ chain

20 nm

self-
assembly

Esch et al., 1999



[nferacciones celudares y axonogénesis

09:29 10:29

Randlett et al., 2011

Esch et al., 1999



[nferacciones celudares y axonogénesis

Esch et al., 1999

Ménager et al., 2004
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Randlett et al., 2011




[nferacciones celdares y axonogénesis
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[nferaccionesy celudaresy y axonogenesis
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[nferacciones celudares y axonogénesis

1st EP(GFP) -> 2nd EP (Kusabira Orange)

pia

Apical dendrite —=—
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Namba et al., 2004
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[nferacciones celudares y axonogénesis

1st EP(GFP) -> 2nd EP (Kusabira Orange)

A
2nd plating neuron /é_\ “parallel”
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axon of 1st plating neuron Angle (6)
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[nferacciones celudlores y axonogéinesis

1st EP(' ) -> 2nd EP (Kusabira Orange)
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1st EP ( )->2nd EP (Kusablra Orange)



La tension a la que esta
sometida una neurita

puede ser un
determinante de su
especificacion como
axon

Lamoureux et al., 2002
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Crecinwuwento- por esfturamiento

En la ballena azul: 3 cm/dia

Doble de volumen celular!

TOWING

Smith, 2009
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Areas of terminals
pain (red) nerve cell body
‘\—f«" with nucleus .
N/ receptor | S
N g terminals
i X 7

™, {
N,
/

“ [
i




PIONEERING En la ballena azul: 3 cm/dia

|

Doble de volumen celular!

TOWING

Smith, 2009

Wedel, 2011
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PIONEERING En la ballena azul: 3 cm/dia

|

Doble de volumen celular!

TOWING

Smith, 2009

Wedel, 2011



Crecinwuwento por esturomiento
En la jirafa: 5 cm/dia

|

Mucho mds del doble de volumen celular!

TOWING

Smith, 2009

\ superior \_(
laryngeal "\ \
—~ y

Wedel, 2011



PIONEERING En la jirafa: 5 cm/dia

APPLICATION i
L———’ : I volumen celular!
= Mucho mas del doble de volume
X
TOWING

Smith, 2009

superior
laryngeal

left recurrent _
laryngeal nerve

Yan et al., 2017
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Vertebrate

( Mixed )
Xe ttern 5
\pa’-— Dendrites

—

\Distal Proximal )

Invertebrate

-
Minus-end-out pattern
e AR

—_—

Distal Proximal
e J

Vertebrate & invertebrate

Plus-end-out pattern

e
———
Proximal Distal
Microtubule
- m+

Naoki et al., 2017



Vertebrate

[ )
Mixed pattern

—_—

m—

\Distal Proximal )

Invertebrate

-
Minus-end-out pattern
e AR

it

Distal Proximal
N )

Stage 2
Actin depolymerization

Immature /'

neurites T

~.

Microtubule stabilization

Maturation

Stage 3

} /

Elongating axon Multiple elongating axons

Future dendrites < .

Blanquie & Bradke, 2018

Vertebrate & invertebrate

Plus-end-out pattern

e
———
Proximal Distal
Microtubule
- m+

Naoki et al., 2017



Dendritic Vertebrate
I N\
Outgrowth Mixed pattern
v
Vertebrate & invertebrate
C . . Plus-end-out pattern
itocalasina D o
@lstal Proxmal/
Invertebrate
—\
Minus-end-out pattern Broximal Distal
Microtubule
—_— — o+
Distal Proximal
& J

. Naoki et al., 2017

(c) Phase (blue)| (d) Overlay

5@

Bradke & Dotti, 2000



Dendrifogénesis

Dendritic Vertebrate
& N
Outgrowth Mixed pattern
\_,_
Vertebrate & invertebrate
. . Plus-end-out pattern
Citocalasina D — _ S
@lstal Proxmal/
Invertebrate
—\
Minus-end-out pattern Broximal Distal
Microtubule
——— - m+
Distal Proximal
& J

Naoki et al., 2017

Overlay

Bradke & Dotti, 2000

La estabilidad de los filamentos de actina es

importante para el mantenimiento de las dendritas
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EL Golgl y las denduitos
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/Dendrites
Terminal Bulb
Cell Body
Axon
Senales difusibles: Senales de adhesion celular:
- BDNF - Cadherinas
- Semaforinas - Delta-Notch

- Slits - Efrinas



Control NP1 siRNA

i
?l.\ lt\\;l}m WIN V3 oo _“g/

Shelly et al., 2011




Sema3A
Sema3A 60 hr

[[  Sema3d Sema3f

Kita et al., 2013



Sema3A

Sema3A 60 hr

Lens

Basal \

Apical

INL

Semas3 overexpression

Kita et al., 2013



Dscam1

a Genomic complexity

Exon & (48)

Exon 4 (12) Exon 9 (33)

Exon 17 (2)

b Probabilistic control of isoform diversity
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Wide type neuron
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no binding no repulsion |
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wild-type neuron wild-type neuron

wild-type mutant neurons
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lacking single DSCAM1

D5CAMIT isoform



Polarizacilon neuwyonal
(—> Neuronas hipocampales

((a) Neuronal polarization in vitro
Cultured neurons

Stage 1

)

Neuronal polarization in vivo

(b) Inheritance of polarity mode

Developing retina

(¢) Establishment of polarity mode
Late embryonic cerebral cortex

Basal
Axon -
¥ 7
Stage 2
Y CcP , , -
i Leading process (future dendrite)
,-/ ] \ Stage 3 /
_ — | Bipolar cell
Minor process ' Dercrte ' Mulllpnlar cell
IZ—L.l
= Retinal ganglrnn cell ===
,,// AFﬂEﬂ| Z.L —> S
Minor process (future dendrite) ) —
S\V7 Trailing prncess {Iulure amn}
- \_ ~ Intermediate progenitor cell
Axon Neuroepitherial cell vz __Radial glial cell
- e Apical 2 -/
Funahashi et al., 2014

Células ganglionares de la refina
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Neuronas corticales



Neuron-neuron
Neurotrophins interaction
(BDNF, NT-3) SG";“A

ﬁﬁks (TrkB, TrkC) Plexin
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Axon specification & Multipolar-to-bipolar transition ]
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Current Opinion in Neurobiology

Funahashi et al., 2014
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Lo vt SUA—Robho
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