Progress in Brain Research, Vol. 146
ISSN 0079-6123
Copyright © 2004 Elsevier B.V. All rights reserved

CHAPTER 7

ProNGF: a neurotrophic or an apoptotic molecule?

Margaret Fahnestock®, Guanhua Yu and Michael D. Coughlin

Department of Psychiatry and Behavioral Neurosciences, McMaster University, Hamilton, ON, Canada

Abstract: Nerve growth factor (NGF) acts on various classes of central and peripheral neurons to promote cell
survival. stimulate neurite outgrowth and modulate differentiation. NGF is synthesized as a precursor, proNGF, which
undergoes processing to generate mature NGF. It has been assumed, based on studies in the mouse submandibular
gland, that NGF in vivo is largely mature NGF, and that mature NGF accounts for the molecule’s biological activity.
However, recently we have shown that proNGF is abundant in central nervous system tissues whereas mature NGF is
undetectable, suggesting that proNGF may have a function distinct from its role as a precursor. A recent report that
proNGF has apoptotic activity contrasts with other data demonstrating that proNGF has neurotrophic activity.
This chapter will review the structure and processing of NGF and what is known about the biological activity of

proNGF. Possible reasons for the discrepancies in recent reports are discussed.
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Introduction

In the half a century since the discovery of nerve
growth factor (NGF) by Rita Levi-Montalcini and
Viktor Hamburger (1953), this molecule has never
ceased to be full of surprises. From the initial finding
that NGF is produced in snake venom and in
inexplicably high quantities in the male mouse
submandibular gland (Cohen, 1959, 1960) to the
most recent reports discussed at NGF2002, the field
has seen the unfolding story of NGF filled with twists
and turns, and above all, controversy. The present
state of affairs with respect to the NGF precursor,
proNGF, is no exception.

Biosynthesis of NGF

The structure, biosynthesis, and biological activity of
NGF have been studied extensively in the mouse
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submandibular gland because of its extraordinarily
high concentration in this tissue (Cohen, 1960; Levi-
Montalcini and Angeletti, 1968; Fahnestock, 1991).
NGF is encoded by a single gene that is over 45
kilobases in length (Ullrich et al., 1983). Two separate
promoters and a total of four exons are alternatively
spliced to yield two major and two minor transcripts
with the coding sequence at the 3’ end in exon four
(Edwards et al., 1986; Selby et al., 1987; Racke et al.,
1996). NGF protein is translated from the two major
alternatively spliced transcripts to produce 34 and 27
kD prepro species, with translation initiation sites at
amino acid positions —187 and —121, respectively
(Fig. 1). Removal of the signal sequence in the
endoplasmic reticulum reduces these translation
products to proNGF species of 32 and 25kD
(Darling et al., 1983; Ullrich et al., 1983; Edwards
et al., 1986, 1988b; Selby et al., 1987).

ProNGF contains three potential glycosylation
sites, two in the prosegment and one in the mature
sequence (Fig. 1). It has been demonstrated that a
43kD form of NGF expressed by transfected BSC40
cells is N-glycosylated in the prosegment, whereas the
glycosylation site in the mature sequence does not
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Fig. 1. Likely intermediates in NGF biosynthesis. Translation initiation sites at —187 and —121 are marked by vertical lines, as are
potential cleavage sites at —71, —40 and + 1. “Y” represents potential glycosylation sites.

appear to be used (Seidah et al., 1996), except in a
very minor proportion of molecules (Murphy et al.,
1989). N-glycosylation of proNGF contributes to
efficient protein expression (Suter et al.. 1991) and
may be important for exit of proNGF from
the endoplasmic reticulum (Seidah et al., 1996).
High-molecular-weight glycosylated NGF precur-
sors, mostly of molecular weight 53 kD, have
been identified both in vitro and in vivo (Edwards
et al., 1988b; Lakshmanan et al., 1988; Bresnahan
et al., 1990; Reinshagen et al., 2000; Yiangou et al.,
2002). However, many tissues contain the unglyco-
sylated proNGF (Chen et al., 1997; Fahnestock
et al., 2001).

ProNGF undergoes further posttranslational
processing at both amino- and carboxyl-terminal
ends to generate the mature, biologically active
product of 13.2 kD (Darling et al., 1983). Several
intermediate sizes of NGF precursors are detectable
in mouse and rat tissues, including a 27-29 kD
species (Darling et al., 1983; Dicou et al., 1986)
probably resulting from translation of the shorter
transcript B identified by Edwards et al. (1986);
a stable intermediate of 22-24 kD (Berger and
Shooter, 1977; Dicou, 1992; Chen et al., 1997); and
an 18-19 kD processing intermediate (Darling et al.,

1983; Dicou, 1989) (Fig. 1). The functions of the
precursors and their intermediates are poorly
understood.

Carboxyl-terminal processing of murine NGF
occurs between a pair of arginine residues, whereas
processing of intermediate and amino-terminal sites
of NGF occurs at four-residue basic sites. Furin, and
to a lesser extent other prohormone convertases, are
able to process proNGF at its amino-terminus to
produce the mature form of NGF, also known as
BNGF (Bresnahan et al., 1990; Seidah et al., 1996).
The kallikrein ¥yNGF, which is found in a complex
with betaNGF in the mouse submandibular gland,
has been shown to process proNGF at both amino-
and carboxyl-termini to produce intermediate and
mature forms of NGF; following processing of the
C-terminus of NGF by yNGF, the yNGF remains
bound to ANGF at the carboxyl-terminal arginine
(Greene et al., 1968; Mobley et al., 1976; Edwards
et al., 1988a; Dicou, 1989; Jongstra-Bilen et al.,
1989). It is not clear whether carboxyl-terminal
processing occurs in species or tissues other than
the mouse submandibular gland. Recently. both
plasmin and matrix metalloprotease-7 (MMP-7)
have also been shown to process the NGF
precursor (Lee et al., 2001). Plasmin cleavage of



proNGF produces the mature form, whereas
MMP-7 cleavage results in a 17 kD intermediate
that may be the same as the 18-19 kD intermediate
identified previously (Darling et al., 1983; Dicou,
1989).

Secretion of proNGF

For many years, the literature has accepted that NGF
biosynthesis in the mouse submandibular gland is
representative of NGF biosynthesis in other species
and tissues. Human NGF is highly homologous to
murine NGF, and many of the same proteolytic
cleavage sites and glycosylation consensus sites in the
mouse sequence are conserved in human NGF
(Ullrich et al., 1983). Neither NGF precursors nor
intermediates have been reported in saliva, suggesting
that processing occurs prior to secretion in the
submandibular gland. Cell expression studies also
support the model that NGF is largely processed into
the mature form prior to secretion (Seidah et al.,
1996). However, secretion of unprocessed proneuro-
trophins does occur from transfected mammalian
cells, including neurons (Mowla et al., 1999), and
from baculovirus-infected insect cells (Fig. 2).
ProNGF, not NGF, is secreted from prostate cells,
spermatids, and hair follicles (Chen et al., 1997,
Delsite and Djakiew, 1999; Yardley et al., 2000).
Primary sympathetic neurons reportedly secrete
proNGF too (Smith et al., 2002). Here we show
(Fig. 2) that primary rat cortical astrocytes also
secrete proNGF. Therefore, in tissues other than
the submandibular gland, NGF is likely secreted as
proNGF, or at least as a mixture of proNGF and
NGF.

ProNGF in tissues

Enzyme-linked immunosorbent assays (ELISA) for
NGF are widely used and were thought to measure
the mature 13.2 kD NGF protein in most tissues. It
is now known that NGF in mouse, rat and human
brain exists as 32 kD proNGF, with little or no
mature NGF present (Fahnestock et al., 2001),
suggesting that what was previously measured as
NGF was actually proNGF. This is in contrast to the
mouse submandibular gland, where large amounts of

103

= e =
- B -9
£-E 5:--3
B s 3 2w
a EZ2 g 220G 8
Z - E @
£2E 58Zg
=] o2 % P
i g8 S2E g
i Eda w55 =

ot — 'q—proNGF

- @4 S —ature NGF

Fig. 2. ProNGF and NGF are secreted into conditioned
medium of rat cortical astrocytes and baculovirus-infected
insect cells in culture. Left: 2.58 NGF was isolated from mouse
submandibular gland as previously described (Mobley et al.,
1997; Petrides and Shooter, 1986). Middle: Single cells were
isolated from cerebral cortex of newborn (0-24 h) Wistar rats as
described in Hertz et al. (1989). After 14 days in culture, cells
were shaken for 16 h at 200 rpm to remove oligodendrocytes.
The purity of the astrocytes thus obtained was greater than
98% as estimated by indirect immunocytochemistry using
antibody to glial fibrillary acidic protein. Cells were switched
to serum-free DMEM. Medium was harvested after 24 h and
concentrated 75-fold before analysis by Western blotting.
Right: Recombinant wild-type NGF baculovirus was used to
infect Sf9 insect cells in Sf-900 II serum-free medium
(Invitrogen Life Technologies, Burlington, ON. Canada) as
described in Van der Zee et al. (1995). Medium was harvested
after three days. Western blotting was carried out as described
in Fahnestock et al. (2001).

mature NGF are detectable, with lesser amounts of
proNGF also found. The presence of proNGF and
absence of mature NGF in central nervous system
tissue is not due to rapid and selective degradation
of NGF compared to proNGF, or to technical
considerations such as antibody specificity, lack of
sensitivity of the assay, or loss of NGF during
tissue preparation. Others have noted that NGF is
found as a precursor in tissues such as thyroid gland,
retina, prostate, hair follicle, skin, colon, and
dorsal root ganglia (Dicou et al., 1986; Chakrabarti
et al., 1990; Delsite and Djakiew, 1999; Reinshagen
et al.. 2000; Yardley et al., 2000; Yiangou et al.,
2002). Many of these tissues contain no detectable
mature NGF.

It could be argued that mature NGF is taken up
and transported so rapidly following secretion that it
is not detectable by immunological assays, whereas
proNGF is more long-lived. Basal forebrain cholin-
ergic neurons projecting to cortex and hippocampus
obtain NGF by retrograde transport from these
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targets and can efficiently internalize and transport
NGF. In the Alzheimer’s diseased brain, however,
these cholinergic neurons degenerate and can no
longer transport NGF as efliciently, leading to an
increase in untransported NGF in the target tissue. If
the mature form of NGF were the biologically active
form, one would expect mature NGF to accumulate
in the Alzheimer’s brain. The NGF that accumulates
in cortex and hippocampus is proNGF, with no
mature NGF detectable (Fahnestock et al., 2001).
This argues against the role of proNGF solely
as a precursor to the biologically active, mature
NGF, and suggests that proNGF is the form that is
active in brain.

Physical characteristics of proNGF

ProNGF most likely is a dimer in solution.
Rattenholl et al. (2001a) used a series of experiments
including analytical ultracentrifugation, glutaralde-
hyde crosslinking followed by SDS-PAGE, and gel
filtration to show that recombinant human proNGF
exists as a dimer. We mutated a single amino acid at
the mouse proNGF cleavage site (arginine to glycine
at amino acid —1) to produce a cleavage-resistant
recombinant proNGF, which we call proNGF
(R-1G) (Yu et al., 2002; Fahnestock et al., sub-
mitted). We used gel filtration in the presence of 4 M
urea to remove any associated proteins (mature NGF
dissociates at 8M urea), and, in accordance with the
data of Rattenholl et al. (2001a,b), we find that
recombinant proNGF (R-1G) migrates as a dimer
(Fig. 3). Tt has, furthermore, been suggested that
proNGF dimers may associate into higher order
structures for binding to p75 neurotrophin receptor
(p75N™®) (Ibanez, 2002).

NGF is a basic molecule, but proNGF is less
basic. Isoelectric focusing of mature NGF gives an
isoelectric point of 9.3, whereas proNGF (R-1G) has
an isoelectric point of 8.1 (Fig. 4).

Biological activity of proNGF

That the NGF precursor has little or no biological
activity has been widely assumed. Edwards et al.
(1988a) demonstrated that the neurite outgrowth
activity of proNGF on chick dorsal root ganglion
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Fig. 3. ProNGF is a dimer in solution. Insect cell conditioned
medium expressing a cleavage-resistant proNGF [proNGF (R-
1G)] was concentrated forty-fold and chromatographed on a
Sephadex G-75 column (Amersham Biosciences, Baie d’Urf€,
Quebec) in 25 mM sodium phosphate pH 5.6-0.1 M NaCl-4 M
urea. The column was pre-calibrated with bovine serum albumin
(BSA, M,=068,000), carbonic anhydrase (Carb Anhyd,
M, =29,000), and cytochrome C (Cyt C, M,=12,500). The
calculated M, of 2.58 NGF on this column is approximately
24,000. The calculated M, of proNGF (R-1G) is approximately
60,000.

(DRG) neurons increased 10- to 20-fold after
processing to mature NGF with trypsin. The role of
the pro segment was thought to be to aid in folding of
mature NGF (Suter et al., 1991; Rattenholl et al.,
2001a). In contrast, a number of other investigators
over the years have demonstrated that either the full-
length proNGF or intermediate forms exhibit
activity. Saboori and Young (1986) demonstrated
that the 32 kD proNGF molecule isolated from
mouse salivary gland promotes nerve growth prior to
processing by yNGF. Reduced forms of the 53 kD
NGF precursor bound on nitrocellulose membranes
promoted neurite outgrowth and survival activity
of PCI12 cells (Lakshmanan et al.. 1989). Suter
et al. (1991) showed that a proNGF with a deletion
including the processing site for conversion to mature
NGF exhibited 50% of wild type neurite outgrowth
activity on PCI12 cells. Ibanez et al. (1992)
constructed and expressed partially processed NGF
precursors that exhibited neurite outgrowth and
survival activity. The biological activity of full-length
proNGF isolated from rat round spermatids was
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Fig. 4. Isoelectric focusing of NGF and proNGF. Isoelectric
focusing in pH 3-10 gels and staining of protein standards (Bio-
Rad Laboratories, Mississauga, ON, Canada) were carried out
according to the manufacturer’s instructions. Affinity-purified,
cleavage-resistant proNGF [proNGF (R-1G)] from insect cell
conditioned medium and 2.5 NGF purified from mouse
submandibular glands (Mobley et al.. 1976; Petrides and
Shooter, 1986) were visualized using an antibody to NGF
(Cedarlane, Hornby, ON) that recognizes both 2.5S NGF and
proNGF (Fahnestock et al., 2001), and ECL (Amersham
Biosciences). Isoelectric points of proteins used for standard
curve: Cytochrome C, pl 9.6; Lentil lectin, pI 8.0; Human
hemoglobin C, pl 7.5; Human hemoglobin A, pl 7.1.
Calculated isoelectric point of 2.58 NGF is 9.3, and that of
proNGF (R-1G) is approximately 8.1.

demonstrated in neurite outgrowth activity on PCI12
cells and survival activity on Sertoli cells, whereas the
22 kD NGF intermediate exhibited less robust
bioactivity (Chen et al., 1997). Using survival of
DRG neurons as an assay, Rattenholl et al. (2001a)
demonstrated that recombinant proNGF was equally
as active as NGF. Most recently, our laboratory
showed that a cleavage-resistant proNGF exhibits
neurite outgrowth activity on both mouse sympa-
thetic cervical ganglion (SCG) neurons and PCI2
cells. The specific activity of proNGF in stimulating
neurite outgrowth (based on the ECsg) is approxi-
mately five-fold less than that of mature NGF. In
addition, this proNGF promotes survival of SCG
neurons in culture and exhibits TrkA receptor
binding and activation activity slightly less than to
that of mature NGF (Yu et al., 2002; Fahnestock
et al., submitted). These studies suggest that at
least some forms of proNGF may indeed be
neurotrophic.

In contrast, Lee et al. (2001) has recently
demonstrated that a cleavage-resistant form of
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proNGF promotes apoptosis in primary SCG
neurons and smooth muscle cells. So is proNGF
apoptotic or neurotrophic?

ProNGF receptor binding

The answer may lie with the NGF receptors. NGF
binds to two types of transmembrane receptors, a
receptor tyrosine kinase, TrkA (Barbacid, 1995), and
pTSNTR, a member of the tumor necrosis factor
(TNF) receptor family (Friedman and Greene, 1999).
TrkA mediates survival and neurite outgrowth by
signaling through the PI3 kinase-Akt and Ras-MAP
kinase pathways (Kaplan and Miller, 2000). When
both receptors are present, p75™ " increases NGF
binding affinity to TrkA, increases ligand discrimina-
tion, and enhances neurite outgrowth and survival by
activating NF-kB and Rho signaling (Davies et al.,
1993; Mahadeo et al.,, 1994; Bibel et al., 1999;
Yamashita et al., 1999; Hamanoue et al., 1999).
When p75NTR is present in the absence of TrkA,
however, it can mediate cell death by signaling
through the ceramide, p53, and c-Jun N-terminal
kinase (JNK) pathways (Aloyz et al., 199§;
Friedman, 2000; Brann et al.. 2002). It follows,
then, that a ligand that binds only to p75™'™® is
apoptotic, even in the presence of TrkA.

Mature NGF binds to TrkA with high affinity
(Kg ~ 107" M), whereas it binds to p75~"™® with
low affinity (Kq ~107" M). Lee et al. (2001)
demonstrated that their cleavage-resistant proNGF
was able to bind to the low-affinity p75™"® receptor
with enhanced affinity (10™'° M) but could not bind
with high affinity to TrkA. Our cleavage-resistant
proNGF, in contrast, binds to TrkA in cross-linking
studies and activates TrkA phosphorylation at only
slightly higher concentrations than NGF, suggesting
it retains high-affinity binding to TrkA (Yu et al.,
2002; Fahnestock et al., submitted). As expected of a
molecule that binds TrkA, our proNGF exhibits
neurotrophic activity.

Supporting the apoptotic model of proNGF, the
amino-terminus of mature NGF has been implicated
in binding to TrkA (Kahle et al., 1992; Ibanez et al.,
1993; Woo et al., 1995; Kullander et al., 1997;
Wiesmann et al., 1999), suggesting that unprocessed
proNGF retaining an extended amino-terminus
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should be sterically hindered from binding to this
receptor. Supporting the neurotrophic model, NGF
loop regions have been implicated in the interaction
between NGF and TrkA (Ibanez, 1995, 1998;
Kullander et al., 1997) and in NGF binding to
p?"5NTR (Ibanez et al., 1992; Ryden and Ibanez,
1997). The loop regions might be expected to retain
receptor-binding activity even in the presence of an
amino-terminal pro extension. Circular dichroism
suggests that the structure of mature NGF is largely
maintained in the presence of the pro segment
(Rattenholl et al.. 2001a).

Differences between recombinant,
cleavage-resistant proNGFs

Our cleavage-resistant proNGF differs from that of
Lee et al. (2001) in several key structural features and
in the expression and purification systems used. First,
our proNGF contains a single amino acid substitu-
tion, a R-to-G substitution, at the -1 position. This
substitution was designed to perturb the molecule as
little as possible by substituting a small amino acid,
glycine, for an arginine residue that forms part of the
tetrabasic cleavage site. ProNGF from Lee et al
(2001) contains four separate amino acid substitu-
tions: K-R to A-A at residues —1 and —2, and R-R to
A-A at residues 118-119. The double alanine
substitution at residues —1 and —2 was designed,
like our single substitution, to eliminate the proNGF
cleavage site. The double alanine substitution at
residues 118-119 was designed to eliminate a
carboxyl-terminal cleavage site that could release a
polyhistidine tag. Our proNGF does not carry this
polyhistidine tag and therefore we have no need for
the carboxyl-terminal mutations. It is possible that
the additional amino acid substitutions in the
proNGF from Lee et al. (2001) and the fact that
they are alanines rather than glycines, may unfold the
molecule slightly more than a single substitution or
change the structure from the native form. There is
some precedent for polyhistidine tags disrupting
protein structure. There is some precedent for
polyhistidine tags disrupting protein structure.
Polyhistidine tags have been shown to interfere with
protein refolding and stabilization, and with recep-
tor-ligand binding and biological activity (Ramage

et al., 2002; Ledent et al., 1997; Lawrence et al.,
2001). This may be particularly true if the amino- and
carboxyl-terminal ends interact. The pro segment of
NGF has been shown to be important for proper
folding of the molecule (Suter et al., 1991; Rattenholl
et al., 2001a,b), whereas the carboxyl-terminus is
important for stability and biological activity
(Drinkwater et al., 1993; Kruttgen et al., 1997).
Furthermore, the carboxyl-terminus of NT-3 is a key
domain for interactions of NT-3 with p75™T® (Urfer
et al., 1994), suggesting this might also be true for
NGF. Lee et al. (2001) have demonstrated no adverse
effects of their polyhistidine tag on mature NGF
expression or function. However, it is possible that a
carboxyl-terminal polyhistidine tag might change
both inter- and intramolecular interactions of
proNGF in the presence of the pro domain.

It is interesting that the nickel columns commonly
used to purify histidine-tagged proteins can cause
oxidation and promote proteolysis by contaminating
metalloproteases (Ramage et al.. 2002). ProNGF
from Lee et al. (2001) is extremely susceptible to
cleavage by a variety of proteases including plasmin
and MMP-7, a matrix metalloprotease, whereas
native proNGF is also stable in tissue, as shown by
its detection in a variety of sources including
postmortem human brain (Fahnestock et al., 2001).
It is possible that the multiple amino acid substitu-
tions, the polyhistidine tag or the nickel column
purification promote destabilization of the proNGF
from Lee et al. (2001), whereas our single amino acid
substitution and lack of polyhistidine tag may
promote a more stable structure.

Finally, there are differences in expression systems
used to produce the proNGF proteins. Lee et al.
(2001) expressed proNGF in a mammalian expres-
sion system using 293 cells, whereas our proNGF
is expressed in a baculovirus/insect cell system.
The reasons we use baculovirus are that expressed
proteins are produced in large amounts in serum-free
medium for easy purification, and there are no
endogenous neurotrophic factors produced by insect
cells. Although 293 cells produce extremely low
amounts of endogenous trophic factors, it has been
demonstrated that neurotrophin subunits can freely
recombine with each other (Treanor et al., 1995),
which could produce artifacts. On the other hand, it
has been suggested that there may be a chaperone



present in insect cell supernatants that could interact
with proNGF to produce artifactual biological
activity. However, we partially purified proNGF
by size exclusion chromatography in the presence
of urea, and this eight-fold purified material exhibits
similar neurite outgrowth activity as unpurified
material (Yu et al., 2002; Fahnestock et al,
submitted). A contaminating molecule would have
to be the same molecular weight as proNGF and stay
bound to it during size exclusion chromatography in
the presence of urea to be a candidate, and so this
alternative is unlikely.

Is endogenous proNGF neurotrophic or apoptotic?

The cleavage-resistant proNGF molecules discussed
above are mutated recombinant proteins. The
characteristics and physiological role of endogenous
proNGF are still a puzzle. Mature NGF is effective in
low amounts at promoting cell survival and neurite
outgrowth via TrkA, yet the amounts required for
activation of p75™'R cell death pathways are at least
an order of magnitude greater (Friedman, 2000).
ProNGF, if its in vivo role is apoptotic, is a high-
affinity ligand for p75™™® that could promote cell
death via this receptor at much lower doses than
mature NGF. This suggests that the balance between
cell survival and cell death could depend upon the
relative amounts of proNGF and mature NGF in
tissues (Ibanez, 2002). Yet, as we have seen, most
tissues examined, with the exception of the mouse
submandibular gland, contain primarily, if not
exclusively, proNGF.

Cleavage-resistant proNGF is neurotrophic in
vitro, as we have shown. If endogenous proNGF is
similarly neurotrophic, then what is its role relative to
that of mature NGF? We propose that proNGF is
responsible for the normal neurotrophic activity in
most tissues, but that injury increases the processing
of proNGF to NGF and thereby provides a rapid
and local supply of the more neurotrophically active
mature NGF. In support of this hypothesis, both
sciatic nerve transection and kainic acid-induced
seizures upregulate prohormone convertases that can
process neurotrophin precursors (Meyer et al., 1996;
Marcinkiewicz et al., 1999).
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Much work needs to be done to clarify the
differences between the biological characteristics and
activities of proNGF and NGF. Tt is not clear
whether proNGF and NGF are both internalized by
cells or whether they are internalized at the same rate.
It is not known whether they are both retrogradely
transported at the same rate, or if NGF-induced
signal transduction pathways are activated similarly
by proNGF. Although several studies have reported
that proNGF has neurotrophic activity similar to
that of mature NGF (Chen et al., 1997; Rattenholl
et al., 2001a), we and others have found its activity to
be anywhere from two to twenty-fold less potent than
that of mature NGF (Edwards et al., 1988a; Suter
et al., 1991; Yu et al., 2002; Fahnestock et al.,
submitted). Quantification of proNGF is problematic
because of the lack of a pure standard, and therefore
these numbers must be interpreted with some
caution. The use of modified proNGF molecules
facilitates purification of intact proNGF but also
confounds interpretation of results. Purification of
native, full-length proNGF to homogeneity and its
further characterization is an important next step in
the study of this surprising and controversial
molecule.

Summary

The nature of the activity exhibited by full-length,
native proNGF is still controversial. It is not clear
which, if either, of the mutated proNGF molecules
now under study are representative of the proNGF
found in vivo. Structural and bioactivity comparisons
of native proNGF with both noncleavable
proNGFs, and comparisons of the elements that
distinguish our proNGF from the proNGF con-
structed by Lee et al. (2001). will answer some of
these questions. Further work will be required, for
example, on retrograde transport and on regulation
following injury, to elucidate the physiological role
of proNGF and the function of proNGF processing
in vivo.

Acknowledgments

We thank Sean Coughlin for technical contributions,
and Dr. Jack Diamond for helpful discussions. This



108

work was supported by grants from the Ontario
Neurotrauma Foundation to M. Fahnestock and
G. Yu, and by an award from the Scottish Rite
Charitable Foundation of Canada to M. Fahnestock.
M. Fahnestock’s participation at the NGF2002
meeting was made possible by a grant from the
Canadian Institutes for Health Research to R. Racine
and M. Fahnestock.

Abbreviations

DRG dorsal root ganglion

ELISA enzyme-linked immunosorbent assay
INK c-Jun N-terminal kinase

MMP-7 matrix metalloprotease-7

NGF nerve growth factor

p75N IR p75 neurotrophin receptor

SCG sympathetic cervical ganglion

SDS-PAGE sodium dodecyl sulfate- polyacryla-
mide gel electrophoresis
TNF tumor necrosis factor
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