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Wrong Hypothesis

Hamburger hypothesized that the

targets of innervating neurons (the

limb bud) provide signals that

drive the differentiation of spinal

cells into neuronal phenotype.
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Durante la vita adulta

•proliferazione dei precursori neuronali
•sopravvivenza
•differenziamento

•biosintesi dei neurotrasmettitori e neuropeptidi
•plasticità sinaptica
•innervazione organi bersaglio
•organizzazione strutturale del neurone

Durante lo sviluppo

Biology of NGF
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Sintesi di neuropeptidi (es: SP, CGRP)

Sintesi di canali ionici (es: TRPV1)
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Sopravvivenza

Sintesi di neurotrasmettitori

Sintesi di neuropeptidi (es: NPY)
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Sintesi di Ach

Plasticità sinaptica

Neurogenesi



NGF gene
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Physiological factors influencing NGF gene expression

Enhancers:

Glutammate
Norepinephrine
Acetylcholine
Dopamine
Corticosteroids
Testosterone/Estrogens
Cytokines
1,25-dihydroxyvitamin D3

Inhibitors:

GABA
3,5,3'-triiodothyronine (T3)
Cytokines

NGF gene: regulation
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Different signal transduction 
pathways converge on the same 
transcription factors activation, 
resulting in neurotrophin gene-
expression modulation. 

NGF gene: regulation
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Activity-mediated transcription. 

NMDA receptors (NMDAR) open, allowing the influx 
of Ca2+

Calmodulin (CaM) transduces the elevation of 
calcium into the activation of CREB in the nucleus

Activation of immediate early genes, such as c-fos.

Calcineurin (CaN) leads to TORC and NFAT nuclear 
translocation and regulation of their target genes. 

NGF gene: regulation
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Two Promoters
Alternative splicing

Four different mRNA transcripts

NGF gene: transcription
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proNGF protein
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Intrinsically unstructured proteins are characterized by 

a low content of bulky hydrophobic amino acids and a 

high proportion of polar and charged amino acids.

Thus disordered sequences cannot bury sufficient 

hydrophobic core to fold like stable globular proteins. 

In some cases, hydrophobic clusters in disordered 

sequences provide the clues for identifying the regions 

that undergo coupled folding and binding. 

Unfolded proteins also have exposed backbone peptide 

groups exposed to solvent, so that they are readily 

cleaved by proteases.
Paoletti F, et al. (2011) PLOS ONE 6(7): e22615. doi:10.1371/journal.pone.0022615

proNGF protein: conformational structure
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ATG

pre-proNGF 34 kDa

-162 -121 -103 +1-187 +118

exon 1 exon 2 exon 3 exon 4

pre-proNGF 27 kDa

-121 -103 +1 +118

exon 1 exon 3 exon 4

ATG

UTR

469 928 469 960 509 711 509 837 513 956 514 079 520 111 521 013

469 919 469 960 513 956 514 079 520 111 520 848

proNGF 32 kDa (proNGF-A-)

-162 -121 -103 +1 +118

proNGF 25 kDa (proNGF-B-)

-103 +1 +118

aa non polari 60% 45% 58% 24% 30%

proNGF protein: structure
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mouse MLCLKPVKLG SLEVGHGQHG GVLACGRAVQ GAGWHAGPKL TSVSGPNKGF AKDAAFYTGR 60
rat ------RAPG AEGERIALLH RVLACGRAVQ GAGWHAGPKL TSVSGPNKGF AKDAAFYPGH 54

* :     .    ********** ********** ********** ******.*:

mouse SEVHSVMSML FYTLITAFLI GVQAEPYTDS NVPEGDSVPE AHWTKLQHSL DTALRRARSA 120
rat SEVHSVMSML FYTLITAFLI GVQAEPYTDS NVPEGDSVPE AHWTKLQHSL DTALRRARSA 114

********** ********** ********** ********** ********** **********

mouse PTAPIAARVT GQTRNITVDP RLFKKRRLHS PRVLFSTQPP PTSSDTLDLD FQAHGTIPFN 180
rat PAEPIAARVT GQTRNITVDP KLFKKRRLRS PRVLFSTQPP PTSSDTLDLD FQAHGTISFN 174

*: ******* ********** :*******:* ********** ********** *******.**

mouse RTHRSKRSST HPVFHMGEFS VCDSVSVWVG DKTTATDIKG KEVTVLAEVN INNSVFRQYF 240
rat RTHRSKRSST HPVFHMGEFS VCDSVSVWVG DKTTATDIKG KEVTVLGEVN INNSVFKQYF 234

********** ********** ********** ********** ******.*** ******:***

mouse FETKCRASNP VESGCRGIDS KHWNSYCTTT HTFVKALTTD EKQAAWRFIR IDTACVCVLS 300
rat FETKCRAPNP VESGCRGIDS KHWNSYCTTT HTFVKALTTD DKQAAWRFIR IDTACVCVLS 294

*******.** ********** ********** ********** :********* **********

mouse RKATRRG 307
rat RKAARRG 301

***:***

pre-proNGF 34 kDa

+26 +67 +85 +188+1

+135 +180

Furine cleavage site

MMP2

MMP9

MMP3

Plasmin cleavage site

Glycosylation site

signal sequence I signal sequence IIpro-sequence I pro-sequence II mNGF

+307

* single, fully conserved residue. 
: conservation between groups of strongly similar properties - scoring > 0.5 in the Gonnet PAM 250 matrix. 
. conservation between groups of weakly similar properties - scoring =< 0.5 in the Gonnet PAM 250 matrix. 

proNGF protein: cleavage sites
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constitutive

vesicles secretory granules

LDCV

furin

mNGF

proNGF

plasmin

proNGF mNGF

proNGF

mNGF

plasmin

proNGF protein: trafficking dyinamics
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Seidah NG, et al. Biochem J 314 ( Pt 3):951-60. 1996

La furina e in misura minore altre due 
pro-convertasi, generano la produzione 

e la secrezione di NGF maturo

proNGF protein: maturation
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Seidah NG, et al. Biochem J 314 ( Pt 3):951-60. 1996

Le diverse forme di proNGF 
corrispondono a diversi gradi di 

glicosilazione della proteina.

proNGF protein: glycosilation
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parasagittal view

baseline

time (min) 20

CCh w/o

5 60

samples collected
at 5’ intervals

lectin blotting

I.P. NGF

- CCh   
75 –

50 –

37 –

25 –

20 –

15 –

b CCh 5  10  20  30  40  50  60

WB: anti NGF

w/o (min)

25 -

37 -

75 -

50 -

150 -
100 -

Released: 50 kDa proNGF

100 -

IP: NGF

b CCh w/o

WB: anti NGF

25 -

50 -

37 -

75 -

20 -

Extracellular space:

50, 32 and 25 kDa proNGF

Glycosylated 50 kDa proNGF

proNGF protein: release

dott. Luigi Manni - lunedì 9 gennaio 2017 30



proNGF protein: release and extracellular processing
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TIMP-1
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Soluble plasmin (ng/µg prot)

IP: NGF

100 -
75 -

50 -
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25 -

20 -
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IP: NGF

- 10      20    - 10      20    
IP: NGF
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- 10    
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proNGF protein: release and extracellular processing
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Nucleus

ER

1. pre-proNGF processing in proNGF

2. furin-dependent proNGF cleavage

3. constitutive NGF release

4. proNGF glycosilation

6. activity dependent proNGF release

glycosylated proNGF

50 KDa

POST-SYNAPTIC NEURON 

(cortex-hippocampus)

Golgi

5. deglycosilation?

mNGF

NGF

plasmin proMMP9

MMP9

7. proNGF extracellular processing

proNGF protein: release and extracellular processing
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proNGF/mNGF receptors
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NATuRe ReVIeWS | neuroscience VOLume 9 | DeCemBeR 2008 | 899

proNGF/mNGF receptors challenge
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TrkA p75NTR TrkA/p75NTR p75NTR/sortilin

mNGF 1 nM 1 nM 0.03 nM --------

proNGF 20 nM 15 nM ? 0.16 nM

Affinità di legame = Kd

Nykjaer A, et al. Nature 427:843-8. 2004.
Barker PA. Neuron 53:1-4. 2007.

proNGF/mNGF receptors: dissociation constant
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proNGF/mNGF receptors: trkA/p75 interaction
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proNGF/mNGF receptors: signaling

Louis F Reichardt Phil. Trans. R. Soc. B 2006;361:1545-1564
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proNGF/mNGF receptors: signaling



proNGF/mNGF receptors: signaling
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NGF retrograde transport
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NGF retrograde transport
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� NGF prodotto, rilasciato e captato a distanze considerevoli dal 

corpo cellulare.

� Assotomia, sia di neuroni simpatetici che sensoriali, provoca

sofferenza e morte neuronale. Consistente con perdita di trasporto

retrogrado.

� Somministrazione esogena di NGF può prevenire questo fenomeno.

� NGF radiomarcato iniettato nella camera anteriore dell’occhio viene

ritrovato nel ganglio superior cervicale ( (Hendry et al, 1974).

NGF retrograde transport
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NGF retrograde transport
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Investigators employed radiolabeled tracing to develop a mechanism of action for NGF in the intact animal. 

Iodinated NGF injected into the neocortex → retrogradely transported to the nucleus basalis of Meynert.

into the hippocampus → medial septal nucleus and vertical limb of the diagonal band of Broca

into the olfactory bulb → horizontal limb of the diagonal band.



NGF retrograde transport
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NGF retrograde signalling
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� Signalling endosome

� Retrograde propagation of sigalling effectors

� Retrograde waves of Trk receprors activation along the 

plasma membrane

� Retrograde calcium waves from activated Trk receptors



NGF retrograde transport: signaling endosome hypotesis
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NGF retrograde transport: signaling endosome hypotesis
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Harrington, A.W. and D.D. Ginty, Nat Rev 

Neurosci, 2013. 14(3): p. 177-87.



NGF-pTrkA complexes at the
surface are best able to activate PI3-K/Akt, whereas
NGF-pTrkA complexes internalized into signaling 
endosomes
are best able to activate MEK/Erk

signaling endosome that travels
through the axon, potentially carrying activated signaling
molecules along, and activating others as it
passes through the axon

NGF retrograde transport: signaling endosome hypotesis
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Harrington, A.W. and D.D. Ginty, Nat Rev 

Neurosci, 2013. 14(3): p. 177-87.



NGF retrograde transport: signaling endosome hypotesis
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NGF retrograde transport: proNGF?
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NGF
TrkA mediated

proNGF
TrkA/p75 mediated

ANTEROGRADE RETROGRADE

20’ after NGF administration

10’ after the first retrogradely moving

20’ after NGF administration

20’ after the first anterogradely moving

35’ after proNGF administration

NGF retrograde transport: proNGF?
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mNGF/proNGF ratio
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TrkA p75NTR TrkA/p75NTR p75NTR/sortilin

mNGF 1 nM 1 nM 0.03 nM --------

proNGF 20 nM 15 nM ? 0.16 nM

Affinità di legame = Kd

Nykjaer A, et al. Nature 427:843-8. 2004.

Barker PA. Neuron 53:1-4. 2007.

mNGF/proNGF ratio
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mNGF/proNGF ratio
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mNGF/proNGF ratio
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mNGF/proNGF ratio
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Probabilmente il rapporto è 
sovrastimato a causa delle 

diverse immunoreattività dei 
saggi enzimatici.

mNGF/proNGF ratio
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2,30 2,79 0,72 0,46 0,07 mNGF/proNGF (%)

mNGF/proNGF ratio
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WB: anti proNGF EP1318Y



mNGF/proNGF ratio
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