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AXxon az atlagos orvosnak
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Axon ultrastrukturaja

' myelinated axon

Schwann cell

reticular fibers e R R
-of endoneurium., = wl T cel/
/ﬂ R cytoplasm

nerve fiber

-
-



AXon ultrastrukturaja

Quter collar

hondrion

Inner mesaxon

junctions

Mature Reviews | Neur




r e

aja

AXon ultrastruktur




AXon ultrastrukturaja
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Neuronok és a Glia sejtek
cytoskeletonja

*Microtubulusok (Tubulin)-

Strukturalis elemek:Tubulinok, MAPs
Mozgatérendszer: Kinesinek ésDyneinek

*Microfilamentumok (Actin)-

Strukturalis elemek: Actin, Actin Monomer Binding Proteins, Capping Proteinek,
Gelsolin Family, Crosslinking és Bundling Proteinek,
Mozgatérendszer: Tropomyosin, Myosin

siIntermediate Filamentumok (Szupercsalad 5 alosztallyal):

Typeland Il: Keratin,

Typelll: GFAP, Vimentin, Desmin, Peripherin,
TypelV: NF Triplet, Internexin, Nestin,
TypeV: Nucelar Laminin



Neurofilaments in the stationary cytoskeletal network

Formation of the stationary cytoskeletal network

Radial projection of stationary neurofilament tail
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Neurofilament structure

Neurofilament subunits and disease
Head Rod Tail
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Blood-based NfL

A biomarker for differential diagnosis of parkinsonian disorder

| mhi" A

Oskar Hansson, MD,

PhD Objective: To determine if blood neurofilament light chain (Nfl) protein can discriminate between

Shorena Janelidze, PhD Parkinson disease (PD) and atypical parkinsonian disorders (APD) with equally high diagnostic
Sara Hall, MD

ABSTRACT

accuracy as CSF NflL, and can therefore improve the diagnostic workup of parkinsonian disorders

©J. Cell Sci. (2012) 125, 3257-3263



Microstubulus és a Tau, mint stabilizator Tubulin dimer
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Funkcionalis cytoskeleton
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Kinesin szupercsalad elemel
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Kinesinek adaptor complex-el kapcsolodnak a

cytoskeletonhoz
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Lassu axonalis transzport:
~1-4 mm/nap

Terminalis felé szallit

Cytosol és cytoskeletalis
fehérjek:

Microtubulus
Neurofilament

Enzimek

J.H. Byrne, J.L.Roberts: Molecules to Networks, 2004 Elseveier



100-400 mm/day

Organellum transzport
(a terminal felé ):

Mitochondrium

Vesiculum carrying

SV és plasma membran.

(sejttestfelé)
Ves. neurotrofikus faktorok
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A Neuron karosodas
Tulelése és Regeneracio
|. Neuronalis valasz a karosodas fellépésekor

Il. Degeneracio
Reaktiv valtozasok, idobelilefolyas

Il1l. Regeneracio

V. Kisérletes beavatkozasok a funkcio visszanyerésére



Noxa

Direkt karosodas
Sejttesthez kozel: fatalis
-Sejttesttol tavol:
PNS-ben regeneralédhat
CNS-ben a neuron tulélhet

Transzszinaptikus karosodas

11 Mind pre-, és post-szintapitkus
neuronok is karosodnak!!!



Neuronalis reakciok

Azonnali

Orikkal késébb
3. Szinapszid degeneracio — Neurofilamentum és vesicula torlodas
4. Glialis reakcio

Astroglia a szinaptikus résbe beékelodik.

Napok-, hetek

5. Myelin feltoredezik szétesett debris-t hagy (a myelint nehéz
lebontani).

6. Axonon Waller- féle degeneracio 1ép fel

7. Chromatolysisalakultki —sejttest duzzadas; a Nissl rogok eltiinnek,
a mag excentrikus lesz.




Azonnali reakcio
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Neuronalis reakciok

Azonnali

1. Szintaptikus transmisszio leall

2. Az atmetszett vég visszahuzodik, megduzzad
(bidirekcionalis axonalis transzport)

Napok-, hetek

5. Myelin feltoredezik szétesett debris-t hagy (a myelint nehéz
lebontani).

6. Axonon Waller-féle degeneracio 1ép fel

7. Chromatolysisalakultki —sejttest duzzadas; a Nissl rogok eltiinnek,
a mag excentrikus lesz.




Nissl substance Oligodendrocyte

Myelin or Schwann cell

7"
Regenericié | | Waller-féle degeneracié |

L4

4
.
- . M
A Vo =
' -
‘
)
-
~ -

Tiansnéuronal  Rewaction oF Microgia  Myelin  Wallerian
(r(ee?r o {;1 de) 3% d %Ii al sell ©\_macrophage debris  degeneration  Terminal degeneration
ensheathment Chromatolysis infiltration degeneration (anterograde)
7 6 5 4 3 2 1 8

Orikkal késbb
Appleton & Lange Korairegenerativ folyamatok

Kandel/Schwartz/Jessell

Principles of Neural Science SZinap SZiS de g cner {l Ci()

Fig. 55.18




Orakkal késébb
Astroglia a szintaptikus résbe ékelodik
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Neuronalis reakciok

Azonnali
1. Szintaptikus transmisszié leall
2. Az atmetszett vég visszahuzodik, megduzzad
(bidirekcionalis axonalis transzport)

Orakkal késébb
3. Szinapszid degeneraciéo — Neurofilamentum és vesicula torlodas
4. Glialis reakcio

Astroglia a szinaptikus résbe beékelodik.




Nissl substance Oligodendrocyte
My@lm or Schwann cell
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Nissl substance Oligodendrocyte

or Schwann cell

——— ~— _I_ -
Transneuronal stracti / . _

: Microqli Myelin llerian
degeneration 5 croglia ye Walleria

(retrograde) and glial cell y chrophage debris  degeneration
- ensheathment infiltration

Transneuronal
degeneration

degeneration\ (anterograde)
6 4 3

Appleton & Lange . . ,
Kandel/Schwartz/Jessell ‘ Transzszinaptikus hatas
Principles of Neural Science

Fig. 55.18




Sarjadzas (sprout) PNS axonon

Schwann cell

nucleus
Nissl substance Myelin

¢ Axonalis sarjadék (sprout) a Schwann sejtek felé
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PROXIMAL STUMP
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and unite stumps endoneurial tubes and myelin



Periférias (PNS) idegatmesztés
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Axons continue 10 push along endoneurial tubes
of distal stump and are enfolded by Schwann
cells, after which new myelin is formed

Figure 2.59

Diagram showing the changes that occur during regeneration of a sey

ered peripheral nerve.
[Ham, 1969.)




Sprouting (Ramon y Cajal)

Regeneralédo axonok
sarjadékot (Sprout) novesztenek,
ezek egy része megtalalja a
Schwann tubulusokat
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Macrophag: debris takaritas, mitogen szignalok (Schwann sejtek)

Schwann sejtek (permissziv kornyezet felépitése):
-Proliferacio — Biingner band képzés
- Laminin (growth-supportive extracellular matrix)

- Nerve Growth Factor (axon regeneracio)



Axonal Sprouting
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Axon novekedési terminal (Growth cone)

P domain

T zone

C domain




A novekedési iranya befolyasolhato

Pain fibres of the DRG are repulsed by sema3a

Adherence:
CAMs (1gG superfamily proteins)
cadherins

ephrins/Eph receptors
Integrins




Attraktans felszin

Mediated by:

CAMs (1gG superfamily proteins)
Cadherins

Ephrins/Eph receptors

Integrins




Taszitas (contact mediated repulsion)

Novekedési kup elfordul, ha
Negativ sejtfelszini szignalt kap

Repulziv szignalok: growth
collapsins/semaphorins

Netrin-1 Ephrin B3 :
Sema MAG OMgp Nogo-A | CSPGs Sulfatide Ligands
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DRG transectio

Centralis nyalvany Degeneralodik

Central branch

Elevated
Intrinsic growth capacity overcomes
inhibitory environment

CNS-OLG
Non-permissziv
kornyezet

MAG, OMG, Nogo
glial scars (CSPGs)

Activated

Intrinsic growth capacity
by peripheral nerve lesion

Peripheral axon injury
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Neurite growth

Periferias nyulvany Regeneralodik

Peripheral branch Growth cone

Elevated
Trk

Intrinsic growth capacity coupled with
local permissive environment and axon PI? K ———COoNT

guidance cues Ieadlto functional p-AKT
regeneration ¥

p-GSK-38

PNS-SC
Permissziv
kornyezet

Integrins
Coc | M

Unipolar axon Cytoskeleton assembly

Axon elongation

Rapid removal of myelin debris by
SC and macrophages

Down regulation of all myelin proteins in SC
No glial scars
ECM proteins like laminin




CNS regeneracio (non permissziv kornyezet - Ramony Cajal)

1) REACTIVE ASTROCITAK
2) OLIGODENDROCYTE MYELIN-ASSOCIATED INHIBITORS
(as Nogo, MAG, OMgp, chondroitinsulfate proteoglycans).

(3)  Acute: from the impact to the first few days after SCI

———————————— ————
WM / Upregulated
‘ ILAB, IL6
GM %i IL4R, IL-2cc
e — NF-xB, c-Jun

S e e

WM STAT3, JAK1
MCP-1, NGFI-A

(B)  Secondary: within minutes 1o weeks after SCI
Upregulated Downregulated
IL1B, IL6 SNAP.25A and B

VGF, BONF, PDGF ~ Synapsin Aand B
o VCAM, F3 Tau, NFs, MAP.2
iNOS MOG
Metallcthioneins  Glutamate receplor

(€} Chronic: within days to years after SCI

m— Upregulated Downregulated
N Semaphorin3  SNAP-25A and B
\3\\’\‘\< R BONF, TrkB Nogo-A
2 GFAP NFs, MAP-2
Metalcthioneins MOG

_W Vimentin, GAP-43  Glutamate receplor

Bareyre and Schwab, 2003, TINS 26: 555



|dentifying Myelin Inhibitor Proteins

« Martin Schwab in the 1980s
develops a variety of antibodies
against myelin.

« Adding these antibodiesto culture
allows axon outgrowth on myelin.

» These antibodieswere eventually
used on protein fractions of myelin to
Identify the first myelin associated
Inhibitor, Nogo

Kim et al, 2003 (Strittmatter)



. TAKE HOME MESSAGES”

-A neuronalis cytoskeleton a neuronalis organellum
transzport alapja.

- Elemei szamos neurodegenerativ betegségben érintettek
pl. AD, FTD, CBD, PSP,ALS, némely polyglutamin btg.

- A neuron alapfunkcioja a regeneracio.

-A permissziv (PNS) ill. non-permissziv (CNS) kornyezet
. hatdrozza meg, hogy reinnervatio létrejohet vagy sem




