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Multi-tasking by the p75 neurotrophin receptor:
sortilin things out?
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Signalling by the p75 neurotrophin receptor has been implicated
in diverse neuronal responses, including increased differentia-
tion or survival, inhibition of regeneration, and initiation of
apoptotic cell death. These numerous roles are matched by, but
are not yet correlated with, a multiplicity of extracellular lig-
ands and intracellular interactors. Membrane proteins such as
sortilin, a member of the Vps10p family of sorting receptors,
and the glycosylphosphatidylinositol-linked Nogo receptor
(NgR) and the associated adaptor lingo 1 have recently been
added to the list of p75-interacting modulators. Other studies
have described intramembranal cleavage of p75 and the poten-
tial nuclear targeting of cleavage fragments or of the complete
receptor after it has been internalized into a putative signalling
endosome. These findings suggest that some of the diversity in
p75 activities might be due to differential subcellular localiza-
tion and transport of p75 receptor complexes. We therefore
argue that cell-biology-driven approaches are now required to
make sense of p75 signalling.
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p75: an overly multifunctional receptor?
The nerve growth factor (NGF) family of neurotrophins has diverse
roles in the nervous system, including regulation of progenitor
cell numbers, modulation of neurite outgrowth and growth cone
guidance, and control of survival or death of neurons and other
cell types. These different activities are mediated by two distinct
classes of cell-surface receptors, the trk family of receptor tyrosine
kinases (Huang & Reichardt, 2003), and the p75 neurotrophin
receptor, which belongs to the tumour necrosis factor (TNF)-
receptor superfamily (Roux & Barker, 2002). trk receptor sig-
nalling and activities have been well characterized over the past
15 years, and it is now widely accepted that a primary role of trk

receptors is the control of neuronal survival in response to limit-
ing amounts of neurotrophin ligands (Huang & Reichardt, 2003).
trk–p75 cross-talk and interactions have been well documented in
the creation of high-affinity binding sites and signalling modula-
tion (Huang & Reichardt, 2003). Beyond this, the independent
effects of p75 remain a topic of lively controversy within the field
and a bewildering enigma to unfortunate outsiders who delve into
the literature. In the past three years alone, different publications
have claimed that p75 supports (Bentley & Lee, 2000) or inhibits
(Yamashita et al, 2002) axon growth, increases (DeFreitas et al,
2001) or decreases (Troy et al, 2002) neuronal survival, and is cru-
cial (Boyd & Gordon, 2001) or not required (Song et al, 2004) for
inhibition of neuronal regeneration. Two independent alleles of
p75-null mice have been created, and although both exhibit a
pronounced sensory neuron phenotype, additional controversy
has been generated by suggestions that both lines express unex-
pected partial splice variants of the receptor (Paul et al, 2004; von
Schack et al, 2001).

Can new accomplices explain many functions?
Recently, the spectrum of p75 ligands has been increased by the
addition of unprocessed proneurotrophins (Harrington et al,
2004; Lee et al, 2001), and myelin-associated regeneration
inhibiting proteins through a lingo 1-mediated association
between p75 and the glycosylphosphatidylinositol (GPI)-linked
Nogo receptor (NgR; Mi et al, 2004; Wang et al, 2002a; Wong 
et al, 2002). Most recently, an intriguing twist in the tale has been
added by the implication of sortilin in high-affinity binding of pro-
NGF molecules (Nykjaer et al, 2004). Sortilin is a member of the
Vps10p family, the proteins of which are thought to act as sorting
receptors for molecules in the secretory pathway and on the cell
membrane (Mazella, 2001; Nielsen et al, 2001). The recently pub-
lished crystal structure of NGF complexed with the extracellular
domain of p75 reveals an NGF homodimer asymmetrically bound
to a p75 monomer, a configuration that might allow the recruit-
ment of another receptor to the complex (He & Garcia, 2004).
These findings have led to the suggestion that the outcome of p75
signalling might be determined by the type of co-receptor
involved in the complex: if trk is the co-receptor then survival is
the outcome, if NgR–lingo 1 then inhibition of regeneration, and
if sortilin then death (Nykjaer et al, 2004). However, this model,
while appealing in its apparent clarity, has already been called
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into question by the finding that pro-NGF enhances migration
rather than death of A875 melanoma cells, which express high
levels of both sortilin and p75 (Shonukan et al, 2003).
Furthermore, like TRKs, both sortilin and NgR belong to gene fam-
ilies with several members expressed in the nervous system
(Hampe et al, 2001; Lauren et al, 2003; Pignot et al, 2003), raising
the possibility that different complexes of these receptors respond
to individual neurotrophins and other ligands. Finally, sortilin has
been shown to bind to a range of other ligands or cargo proteins at
the same site used by pro-NGF (Lefrancois et al, 2003; Mazella,
2001; Munck Petersen et al, 1999), creating diverse options for
modulation or interference with proneurotrophin signalling
through sortilin in vivo. Therefore, the identification of NgR–lingo
1 and sortilin as p75 co-receptors appears to introduce additional
layers of complexity to the field. Conversely, the sortilin–p75 con-
nection directs attention to a relatively neglected facet of p75
research in neurons, namely a cell-biology-driven approach. The
field still lacks definitive analyses of p75 biosynthesis, sorting and
localization on the one hand, and internalization, transport and
the eventual fate of signalling complexes of the receptor on the
other hand. Given the polarized morphology of neuronal cells,
we argue that such studies would fill the main gaps in our 
understanding of the modes of action of this multifaceted receptor.

Location, location, location…
The polarization of neurons into somatodendritic versus axonal
compartments is a defining aspect of their biology. Although p75 is
restricted to the apical domain in epithelial Madine–Darby canine
kidney (MDCK) cells (Yeaman et al, 1997), it is expressed in roughly
equal amounts in the dendrites and axons of transfected hippo-
campal neurons ( Jareb & Banker, 1998). Immunohistochemistry
and electron microscopy revealed more prominent p75 expression
in axons than dendrites in rat dentate gyrus (Dougherty & Milner,
1999). Do NgR or sortilin localize to distinct subcellular compart-
ments in neurons? Interestingly, whereas NgR and its homologues
have been observed in lipid rafts on axonal cell surfaces (Pignot 
et al, 2003; Wang et al, 2002b), sortilin and its homologues are
predominantly intracellular and enriched in the somatodendritic
domain (Hermey et al, 2001; Sarret et al, 2003), which parallels
the distribution of Golgi structures within neurons (Horton &
Ehlers, 2003). Thus, it is possible that NgR–lingo 1 modulates the
specificity and function of p75 through regulated translocations to
lipid rafts in axons, whereas sortilin is a major co-receptor in den-
drites. A caveat to such a model is that the vast majority of Vps10p-
type receptors in the cell are intracellular and primarily accumu-
late in the Golgi, where they may be available for the capture and
sorting of newly synthesized ligands ( Jacobsen et al, 2001; Munck
Petersen et al, 1999). Conversely, the lumenal and/or extracellular
domains of both sortilin and NgR family members have been
observed in cleaved or shed forms in extracellular media (Navarro
et al, 2002; Pignot et al, 2003), raising the possibility of soluble ligand–
receptor complexes that may activate cell-surface p75. Soluble
forms of NgR act as dominant negatives over surface-bound NgR
in assays of inhibition of neurite extension (Domeniconi et al,
2002), but this does not preclude the possibility that such ligand-
receptor complexes might have distinct activities from that classi-
cally ascribed to NgR. It should also be noted that p75 itself under-
goes shedding by cell-surface cleavage with metalloproteases in a
variety of cell types, including from dorsal-root ganglia (Weskamp

et al, 2004). Therefore, p75 signalling might be regulated by 
extracellular domain cleavage of all three receptor components—
p75, NgR and sortilin—and it will be important to determine the
spatial and temporal expression and activity of proteases relevant
to this process. 

In the case of sortilin, a further intriguing possibility is that
proneurotrophin–sortilin interactions could commence intra-
cellularly within the secretory pathway (Fig 1). In such a sce-
nario, sortilin binding to the pro-domain of the neurotrophin in
the Golgi apparatus could protect it from proteolytic cleavage,
and the molecules could then travel to the cell surface in a pre-
formed pro-apoptotic p75-activating complex. Regulating sortilin
levels might thereby provide the cell with an efficient mechanism
of active suicide. Alternatively, cell-surface cleavage of sortilin
could release a soluble sortilin–proneurotrophin complex into
extracellular space. Such a complex might provide a circulating
reservoir of proneurotrophin that is protected from cleavage to
the mature form and is available for interaction with receptors on
adjacent or distant cells.

p75 signalling: going the distance?
No catalytic activity has yet been identified for the p75 intracellular
domain, so the receptor must rely on recruitment of intracellular
interactors to transduce a signal. A wide range of unrelated mole-
cules have been shown to interact with the intracellular domain
of p75 (Bai et al, 2003; Roux & Barker, 2002; Tcherpakov et al,
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Fig 1 | Different sites of potential interactions between sortilin and pro-

neurotrophins. The pro-neurotrophin (pro-NT) binding site in sortilin is

exposed after proteolytic cleavage of the sortilin propeptide in the Golgi

apparatus, raising the possibility of an intra-Golgi interaction. The

molecules would then travel together to the plasma membrane, where they

might form an autoactivating complex for p75 on the same cell;

alternatively, a second cleavage event might release a soluble complex to the

extracellular milieu.
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2002; Yamashita & Tohyama, 2003). Most of these also lack cat-
alytic activity, suggesting that p75 signalling requires recruitment
of multiple transducers through protein–protein interactions.
Once such a signalling complex is formed, how is the signal trans-
ported from axonal or dendritic sites of generation to the cell
body? This question has been addressed primarily for trk signal
transduction, and the hypotheses raised include calcium/
phosphorylation ‘waves’ progressing along the axon, axonal
transport of activated signalling molecules, or retrograde transport
of neurotrophin–trk signalling endosomes (Delcroix et al, 2003;
Ginty & Segal, 2002). A direct interaction between TRK and the
motor protein dynein has been reported, which provides a possi-
ble mechanism for microtubule-associated transport of such
endosomes (Yano & Chao, 2004; Yano et al, 2001). Although p75
might mediate the transport of a wide variety of neurotrophin and
non-neurotrophin ligands (Butowt & Von Bartheld, 2003), the
mechanisms of its internalization and movement are poorly
understood. Mature NGF induces relatively slow internalization
of p75 through clathrin-coated pits to the recycling endosome
and to vesicles positive for cholera toxin (a marker of lipid rafts) in
the growth cones (Bronfman et al, 2003; Saxena et al, 2004). p75
has been shown to associate with lipid rafts in a protein-kinase-A-
regulated manner (Higuchi et al, 2003), and in motor neuron vesi-
cles it colocalizes with tetanus toxin (Lalli & Schiavo, 2002),
which is internalized via lipid rafts (Herreros et al, 2001).
Therefore, lipid rafts could be regulating the internalization kinet-
ics of p75 and its accessibility to different co-receptor complexes.
Strikingly, the presence of sortilin enables more rapid internaliza-
tion of pro-NGF with p75 (Nykjaer et al, 2004), although the pre-
cise kinetics of the process were not determined. Previous studies
on sortilin internalization have shown rapid endocytosis of sortilin
chimaeras to the trans-Golgi network, with little or no recycling
(Nielsen et al, 2001). By contrast, p75 has been implicated in
anterograde transport of neurotrophins from the Golgi of retinal
ganglion cells (Butowt & von Bartheld, 2001), therefore it will be
interesting to determine whether sortilin-mediated rapid internal-
ization is followed by lysosomal degradation or recycling of lig-
and to anterograde pathways in neurons (Fig 2). Differential kinet-
ics of internalization of liganded p75 complexes might allow the
recruitment of different classes of interactors. For example, the
association of TNF-receptor associated factor 6 with p75 is rapid
and occurs within minutes of exposure to ligand (Khursigara et al,
1999), whereas the interaction of necdin and melanoma-associated
antigen H1 (MAGE-H1) requires the presence of ligand for at least
one hour (Tcherpakov et al, 2002). Thus, a p75–NgR complex,
which is restricted to lipid rafts and either does not internalize
(due to an interaction with a membrane-bound component of
myelin) or internalizes very slowly, might recruit a completely 
different complement of interactors than a rapidly internalizing
p75–sortilin complex.

Once activated, at least some of the p75 signals must have an
impact on the neuronal cell body (Bhakar et al, 2003; Lad & Neet,
2003). Recent studies have provided evidence for two apparently
different mechanisms that could underlie this process. On the one
hand, formation of a p75 signalling endosome containing ligand,
receptor and intracellular MAGE interactors has been demonstrated
in the recycling compartment of neuronal PC12 cells (Bronfman
et al, 2003); similar endosomes may be shunted into the retro-
grade transport pathway in nerve axons (Lalli & Schiavo, 2002).

On the other hand, two independent studies have now shown that
p75 is subject to regulated intramembrane proteolysis (RIP),
which produces soluble cleavage products of the intracellular
domain that have potential signalling capabilities ( Jung et al,
2003; Kanning et al, 2003). Such cleavage could occur at the
plasma membrane, but as relevant proteases are also found within
vesicles in axons (Kamal et al, 2001), it might also take place in an
endosomal compartment after internalization. RIP cleavage prod-
ucts of the p75 homologue neurotrophin receptor homologue 2
(NRH2) have been shown to travel to the nucleus (Kanning et al,
2003). In this context, it is striking that nearly all known p75 
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Fig 2 | Plausible scenarios for long-range transduction of p75 signalling

complexes. (A) Internalization of p75 with ligand to the recycling endosome

(upper) or cleavage of p75 to release the intracellular domain (lower) may be

followed in both cases by recruitment of intracellular interactors with

nuclear localization signals. These might then serve as adaptors to link the

p75 signalling complexes to an importin/dynein retrograde transport

ensemble on the microtubules. (B) In the case of a sortilin-containing

complex in the somatodendritic compartment, internalization and rapid

translocation to the Golgi may be mediated by sorting signals in the

cytoplasmic tail of sortilin. The complex might then transfer to lysosomes or,

after dissociation, specific components might enter the anterograde pathway

for recycling to the cell surface.
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intracellular interactors contain nuclear localization signals
(NLSs). Moreover, a recent study has shown that nuclear import
factors from the importin-α and importin-β families are found in
both axons and dendrites, and can mediate retrograde transport of
signalling cargoes through an interaction of importin-α with
dynein (Hanz et al, 2003). The association of a p75 signalling
complex with dynein might be mediated by an NLS-bearing inter-
actor that is able to bind to the high-affinity NLS-binding site on
the importins. Such an interaction could provide a mechanism to
shunt a p75-containing endosome from the recycling to the retro-
grade pathway, or to carry a soluble signalling complex formed
around the intracellular cleavage products of p75 (Fig 2).

To summarize, recent findings have directed attention to the
probable influences of sortilin Vps10p receptors on the formation
and endocytosis of p75 signalling complexes, and on possible
roles of RIP and importins on the processing and transport of the
signals emanating from such complexes. This invasion of cell biol-
ogy (and hopefully also cell biologists) into the p75 field should
help to clarify the mechanisms underlying the many roles of this
receptor system.
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