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Brief Communications

BDNF Exerts Contrasting Effects on Peripheral Myelination
of NGF-Dependent and BDNF-Dependent DRG Neurons
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Although brain-derived neurotrophic factor (BDNF) has been shown to promote peripheral myelination during development and remy-
elination after injury, the precise mechanisms mediating this effect remain unknown. Here, we determine that BDNF promotes myeli-
nation of nerve growth factor-dependent neurons, an effect dependent on neuronal expression of the p75 neurotrophin receptor, whereas
BDNF inhibits myelination of BDNF-dependent neurons via the full-length TrkB receptor. Thus, BDNF exerts contrasting effects on
Schwann cell myelination, depending on the complement of BDNF receptors that are expressed by different subpopulations of dorsal root
ganglion neurons. These results demonstrate that BDNF exerts contrasting modulatory roles in peripheral nervous system myelination,
and that its mechanism of action is acutely regulated and specifically targeted to neurons.

Introduction

During development of the peripheral nervous system (PNS),
reciprocal interactions between axons and Schwann cells (SCs)
are crucial for the coordinated generation of myelin, an essential
component of a functional PNS. Several neuronally derived mol-
ecules influence myelination, including neuregulins (Taveggia et
al., 2005), glial cell line-derived neurotrophic factor (Hoke et al.,
2003), and neurotrophins (Cosgaya et al., 2002; Chan et al.,
2004).

The neurotrophin family compromises nerve growth factor
(NGF), brain-derived  neurotrophic  factor =~ (BDNF),
neurotrophin-3 (NT-3), and NT-4/5. Two classes of receptors
mediate neurotrophin signaling: the tropomyosin-related kinase
(Trk) receptors and the p75 neurotrophin receptor (p75NTR)
(Huang and Reichardt, 2001). Analysis of neurotrophin and neu-
rotrophin receptor knock-out mice have established that neuro-
trophins are essential for PNS development. Dorsal root ganglion
neurons (DRG) are particularly sensitive to the neurotrophins,
with ~80% dependent on NGF for survival, ~30% dependent on
BDNF and ~20% on NT-3 (Wright and Snider, 1995; Conover
and Yancopoulos, 1997). The neurotrophins also regulate pe-
ripheral myelination (Chan et al., 2001, 2004; Cosgaya et al.,
2002). However, the cellular and molecular basis of how neuro-

Received Aug. 11, 2008; revised Feb. 18, 2009; accepted Feb. 21, 2009.

This work was supported by the Australian National Health and Medical Research Council (NH&MRC), Multiple
Sclerosis Research Australia (MSRA), and the University of Melbourne (UoM). J.X. is the recipient of an NH&MRC/
MSRA Betty Cuthbert Fellowship (454330), a UoM Early Career Researcher grant, and an MSRA project grant. S.5.M.
is the recipient of NH&MRC Project Grant 400341 and an MSRA project grant.

Correspondence should be addressed to Dr. Simon S. Murray, Centre for Neuroscience, The University of
Melbourne, Melbourne, Victoria 3010, Australia. E-mail: ssmurray@unimelb.edu.au.

DOI:10.1523/JNEUR0SCI.3811-08.2009
Copyright © 2009 Society for Neuroscience  0270-6474/09/294016-07$15.00/0

trophins regulate myelination of the various DRG subpopula-
tions remains poorly understood. NGF enhances Schwann cell
myelination of NGF-dependent neurons via activation of neuro-
nal TrkA receptors but has no effect on BDNF-dependent neu-
rons which do not express TrkA (Chan etal., 2004). NT-3 inhibits
peripheral myelination in vitro (Chan et al., 2001; Cosgaya et al.,
2002), whereas analysis of NT3—/— mice suggests it exerts a
promyelinating influence (Woolley et al., 2008). BDNF enhances
peripheral myelination during development and remyelination
after injury (Zhang et al., 2000; Chan et al., 2001; Cosgaya et al.,
2002; Song et al., 2006). BDNF can be transported along and
secreted by DRG axons to enhance Schwann cell myelination and
induce Schwann cell polarity, a necessary step in the induction of
myelination (Chan et al., 2006; Ng et al., 2007). However, it re-
mains unclear whether BDNF acts directly on Schwann cells or
indirectly via neurons to promote myelination and whether
BDNEF similarly influences myelination of different DRG neuron
subpopulations.

Here, we demonstrate that BDNF exerts contrasting influ-
ences on peripheral myelination: enhancing myelination of
NGF-dependent DRG neurons but inhibiting myelination of
BDNF-dependent neurons. These influences are exerted via neu-
ronally expressed receptors: activation of p75NTR has a promy-
elinating influence, whereas activation of TrkB is inhibitory.

Materials and Methods
Postnatal day 2 (P2) Sprague Dawley rats, NGFR/SV]-129
(p75NTR—/—) and SVJ-129 wild-type mice were used for DRG and SC
culture. p75NTR—/— mice were obtained from a colony previously
shown to be 95% congenic to the inbred SVJ-129 strain (Greferath et al.,
2000) and subsequently back-crossed a further 12 generations.
DRG-SC cocultures were established as described previously (Chan et
al., 2004). Briefly, NGF-dependent DRGs were purified in the presence of
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BDNF exerts contrasting influences on myelination of NGF-dependent and BDNF-dependent DRG neurons. A-C, BDNF enhances myelination of NGF-dependent neurons. A, B, Western

blot (4) including densitometric analysis (B; mean == SEM, n = 3) of myelinating cocultures containing NGF-dependent neurons cultured with either exogenous BDNF (100 ng/ml) or TrkB—Fc (1
eg/ml) and probed for MAG, PO, and MBP with actin as a control. Exogenous BDNF increased myelin expression, whereas TrkB—Fc inhibited their expression (*p << 0.05 vs control). ¢, MBP
immunostaining of parallel cultures. Compared with controls, a qualitative increase in MBP -+ myelin segments occurred with BDNF and a decrease with TrkB—Fc. Scale bar, 100 .em. D—F, BDNF
inhibits myelination of BDNF-dependent neurons. D, Western blot including densitometric analysis (E; mean == SEM, n = 3) of cocultures containing BONF-dependent neurons. Exogenous BDNF
reduced, whereas TrkB—Fc enhanced the expression of MAG, PO, and MBP (*p << 0.01 vs control). F, MBP immunostaining of parallel cultures. Compared with controls, a qualitative decrease in
MBP-+ myelin segments occurred with BDNF, whereas an increase occurred with TrkB—Fc. Scale bar, 100 em.

NGF (100 ng/ml) and BDNF-dependent DRGs with BDNF (100 ng/ml)
for 2-3 weeks. Myelination of DRG-SC cocultures was initiated with
ascorbic acid (50 ug/ml) and treated as indicated.

Campenot chambers (CAMP#3; Tyler Research) were used as de-
scribed previously (Campenot, 1992; Chan et al., 2004; Ishibashi et al.,
2006; Ng et al., 2007). DRGs were plated into the central compartment
and axons allowed to extend into the outer compartments. SCs were
seeded into the outer compartment, myelination induced, and chambers
treated as indicated. Immunocytochemistry was used as a direct quanti-
tative readout for myelination.

Lentiviral particles were prepared from p75NTR-shRNA and control-
scrambled shRNA plasmids (Open Biosystems) by transfection into
HEK293 cells. SCs were infected with concentrated lentiviral particles for
48 h, then seeded onto DRGs. p75NTR knockdown efficacy was deter-
mined by Western blot.

Western blot analysis of DRG-SC cocultures for myelin-associated
glycoprotein (MAG; Millipore Bioscience Research Reagents), myelin
basic protein (MBP; Millipore Bioscience Research Reagents), myelin
protein zero (PO; Abnova), and p75NTR (Promega) was performed in
duplicate for each coculture; blots shown are representative of three
independent experiments. The optical density value for each band was
determined using National Institutes of Health Image]J, corrected to a
loading control, then normalized against the control condition. Alterna-
tively, cocultures were fixed with 4% paraformaldehyde and myelin seg-
ments visualized with anti-MBP (Millipore Bioscience Research Re-
agents) on a Zeiss confocal microscope. For analysis of Campenot
chambers, MBP+ myelin segments were counted in four random
images.

Results

BDNF enhances myelination of NGF-dependent neurons

We first examined the role BDNF plays in modulating myelina-
tion of NGF-dependent DRG neurons by either providing exog-
enous BDNF or by removing endogenous BDNF using the BDNF
“scavenger” TrkB—Fc. BDNF enhanced myelin formation by
Western blot analysis of coculture lysates for MAG, MBP, and PO
(Fig. 1A). Densitometric analyses indicate BDNF increased PO
and MBP expression, whereas TrkB—Fc decreased it (Fig. 1B).
MBP immunostaining was used to assess myelin segment forma-
tion and was potentiated by BDNF (Fig. 1C). The promyelinating

effect of BDNF did not increase either Schwann cell proliferation
or differentiation in vitro (supplemental Fig. 1, available at
www.jneurosci.org as supplemental material).

BDNF inhibits myelination of BDNF-dependent neurons
DRG neurons are heterogeneous with respect to their neurotro-
phin dependence. Because full-length TrkB receptors (TrkB-FL)
are absent from NGF-dependent neurons (supplemental Fig. 2,
available at www.jneurosci.org as supplemental material)
(Wright and Snider, 1995; Chan et al., 2004), we more compre-
hensively investigated the influence of BDNF on myelination and
established cocultures using BDNF-dependent DRG neurons. In
contrast to the promyelinating effect observed with NGF-
dependent neuron cocultures, BDNF reduced myelination of
BDNF-dependent neurons, whereas TrkB—Fc increased myelin
formation. Both qualitative (Fig. 1 D) and quantitative (Fig. 1E)
Western blot analysis demonstrate a reduction in MAG, P0, and
MBP expression by BDNF, whereas an increase with TrkB—Fc.
These changes were reflected by qualitative assessment of MBP
immunostained cocultures (Fig. 1 F).

These data demonstrate that BDNF exerts contrasting influ-
ences on Schwann cell myelination, promoting myelination of
NGF-dependent DRG neurons, but inhibiting myelination of
BDNEF-dependent DRG neurons.

BDNF enhances myelination of NGF-dependent neurons via a
neuronal mechanism

Given that NGF-dependent neurons, BDNF-dependent neurons,
and Schwann cells all express receptors for BDNF (supplemental
Fig. 2, available at www.jneurosci.org as supplemental material),
it remained uncertain how BDNF influenced myelination. To
address this issue, we investigated myelination using compart-
mentalized Campenot chambers (Campeonet, 1992). This in-
volves establishing DRG-SC cocultures in isolated compart-
ments, permitting addition of factors to chambers containing
solely the DRG soma and proximal axons (“DRG soma”), or
distal axon plus Schwann cells (Axon+SC), then using immuno-
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cytochemistry as a quantitative readout for
myelination (Fig. 2A) (Chan et al., 2004;
Ng et al., 2007). A liquid impermeable but
axonal permissive barrier separates cham-
bers, the integrity of which was tested
quantitatively by monitoring phenol red
diffusion between compartments. Me-
dium collected was measured for phenol
red absorption at 560 nm (supplemental
Fig. 3, available at www.jneurosci.org as
supplemental material). Only chambers
that displayed both significant axon
growth and no sign of leakage were
analyzed.

We first investigated the influence of
BDNF on NGF-dependent neurons (Fig.
2 B,C). Compared with control cocultures
(condition 1), BDNF applied to the
Axon+SC compartment increased the
number of myelinated segments (condi-
tion 2), whereas TrkB—Fc inhibited myeli-
nation (condition 3). Importantly, BDNF
added to the DRG soma compartment
produced a robust increase in myelin for-
mation (condition 4), indicating it is suffi-
cient for BDNF to act solely on neurons to
promote myelination. Interestingly, add-
ing TrkB—Fc to the neuronal compartment
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Figure2.  BDNF acts on NGF-dependent neurons to promote their myelination. A, Diagram of a Campenot chamber coculture.
DRG neurons are plated into the DRG soma compartment, and axons extend to the outer compartment. Schwann cells are seeded
into the Axon+SC compartment. B, C, Quantitative (B) and qualitative (C) analysis of MBP+ segments in the Axon+SC com-
partment of Campenot chamber cocultures containing NGF-dependent neurons performed by counting four fields per chamber,
three chambers per condition (mean == SEM, n = 3). Compared with control (condition 1), BDNF (condition 2) applied to the
Axon+SC compartment promoted myelination, whereas TrkB—Fc (condition 3) inhibited myelination. BDNF applied to the DRG
soma compartment enhanced myelination (condition 4), whereas TrkB—Fc (condition 5) had no effect (*p << 0.05 vs control).
Scale bar, 100 m.

(condition 5) had no effect on myelina-

tion, suggesting that either Schwann cells are the source of endog-
enous BDNF, or that BDNF is anterogradely transported and
secreted from axons.

BDNF activates neuronal p75NTR receptors to

promote myelination

Thus, both NGF and BDNF promote myelination of NGF-
dependent neurons via activation of neuronally expressed recep-
tors. In the case of NGF, activation of TrkA is responsible (Chan
et al., 2004). As BDNF does not activate TrkA and these neurons
do not express TrkB-FL (supplemental Fig. 2, available at www.
jneurosci.org as supplemental material), this indicates that NGF
and BDNF influence myelination through fundamentally differ-
ent mechanisms. NGF-dependent neurons express two receptors
for BDNF: p75NTR and truncated TrkB receptor 1 (TrkB-T1)
(supplemental Fig. 2, available at www.jneurosci.org as supple-
mental material). Interestingly, analysis of the p75NTR—/— mice
has identified that p75NTR acts as a positive modulator of pe-
ripheral myelination; however, the cell type responsible is un-
known (Bentley and Lee, 2000; Cosgaya et al., 2002; Song et al.,
2006). To investigate whether neuronal p75NTR receptors medi-
ate the promyelinating influence of BDNF, we used a mixed spe-
cies coculture, using NGF-dependent neurons isolated from
p75NTR —/— mice (Lee et al., 1992) (Fig. 3).

Western blot analysis (Fig. 3A) including densitometric anal-
ysis (Fig. 3B) and immunocytochemistry for MBP (Fig. 3C) indi-
cate that BDNF promoted myelination of wild-type mouse NGF-
dependent DRG neurons by rat Schwann cells. In contrast, BDNF
had no effect on myelination of NGF-dependent neurons from
p75NTR—/— mice (Fig. 3D-F). These data indicate that neuro-
nal expression of p75NTR is necessary for the promyelinating
influence of BDNF on these neurons.

To investigate whether Schwann cell p75NTR also plays a role
in promoting myelination, we used a lentiviral-based shRNA ap-

proach for the specific knockdown of p75NTR. Knockdown of
p75NTR expression was observed in parallel Schwann cell cul-
tures (Fig. 3G) and was not effected by BDNF treatment (Fig.
3H).BDNF enhanced myelination of NGF-dependent DRG neu-
rons by noninfected (control), scrambled shRNA-infected and
p75NTR-shRNA-infected Schwann cells, as assessed by immu-
nocytochemistry (Fig. 3I) and Western blot analysis (Fig. 3],K).
In addition, in the untreated condition (—), no difference in the
basal level of myelination was observed between groups (supple-
mental Fig. 4, available at www.jneurosci.org as supplemental
material). Collectively, these data suggest that Schwann cell ex-
pression of p75NTR is not required for the promyelinating influ-
ence of BDNF.

BDNF inhibits myelination of BDNF-dependent neurons via
aneuronal mechanism

We next used Campenot chambers to investigate the inhibitory
effect BDNF exerts on BDNF-dependent neuron myelination
(Fig. 4). Compared with control cultures (condition 1), addition
of BDNF to the Axon+SC chamber (condition 2) reduced the
number of myelin segments formed, whereas TrkB—Fc increased
it (condition 3). Importantly, BDNF added to the DRG soma
compartment reduced myelin segment formation (condition 4),
indicating BDNF is acting neuronally to inhibit myelination.
TrkB-Fc added to the DRG soma compartment did not alter
myelination (condition 5). Thus, BDNF inhibits myelination of
BDNEF-dependent neurons by acting via neuronally expressed
receptors.

Activation of neuronal TrkB-FL inhibits myelination

BDNF-dependent DRG neurons express four BDNF receptors:
p75NTR, TrkB-FL, TrkB-T1, and TrkB-T2 (supplemental Fig. 2,
available at www.jneurosci.org as supplemental material). As
TrkB-FL mediates the majority of BDNF’s functions, we next
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Figure 3.  BDNF activates neuronal p75NTR receptors to promote myelination. A, B, Western blot () including densitometric analysis (B; mean == SEM, n = 3) of cocultures containing
NGF-dependent neurons from wild-type mice. BDNF increased myelin protein expression, whereas TrkB—Fcinhibited it (*p << 0.01 vs control). ¢, MBP immunostaining of parallel cultures. Compared
with controls, a qualitative increase in MBP -+ myelin segments occurred with BDNF but was reduced with TrkB—Fc. Scale bar, 100 wem. D, E, Western blot (D) including densitometric analysis (E;
mean = SEM, n = 3) of cocultures containing NGF-dependent neurons from p75NTR—/— mice. Neither BDNF nor TrkB—Fc altered myelin protein expression. F, MBP immunostaining of parallel
p75NTR—/— cultures. No qualitative change in MBP+ myelin segments was observed with either BDNF or TrkB—Fc. Scale bar, 100 .um. G-K, BDNF enhances myelination after p75NTR knockdown
in Schwann cells. G, Western blot of noninfected (control), scrambled shRNA-infected, or p75NTR—shRNA-infected Schwann cell cultures. Knockdown of p75NTR expression was only observed in
p75NTR-shRNA-infected cultures. H, BDNF had no effect on p75NTR expressionin either control, scramble-infected, or p75NTR—shRNA-infected cultures. /-K, MBP immunostaining (/) and Western
blot (/) including densitometric analysis (K; mean = SEM, n = 3) of cocultures containing control, scramble-infected, or p75NTR—shRNA-infected Schwann cells. No qualitative change in MBP+
myelin segments or quantitative change of myelin protein expression occurred as a consequence of p75NTR knockdown. Scale bar, 100 m.

examined the influence of BDNF on myelination in the presence
of the Trk receptor inhibitor K252a (Kniisel and Hefti, 1992). In
the cocultures, BDNF inhibited myelin protein expression,
whereas K252a alone increased expression of PO and MBP, as
assessed by densitometric analysis of Western blots (Fig. 4C) and

qualitative analysis of MBP+ myelin segment formation (Fig.
4D). Importantly, when K252a and BDNF were added concur-
rently (K+B), K252a blocked the inhibitory effect of BDNF. As
Schwann cells do not express TrkB-FL, these data implicate neu-
ronal TrkB-FL activation mediating the inhibitory influence of
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BDNF on myelination of BDNEF-
dependent DRG neurons. Interestingly,
K+B trended to increase myelination
above the levels of K252a alone. This could
suggest that inhibition of TrkB-FL signal-
ing by K252a allows activation of p75NTR
signaling by BDNF, resulting in a promy-
elinating influence. However, this is yet to
be definitively established, and further
analyses are required to investigate this
point.

To further investigate the inhibitory ef-
fect of neuronal TrkB-FL receptor activa-
tion, we used K252a in Campenot cham-
ber experiments (Fig. 4E,F). Compared
with control cultures (condition 1), addi-
tion of BDNF to the Axon+SC compart-
ment inhibited myelination (condition 2).
K252a added to the neuronal compart-
ment enhanced myelin formation (condi-
tion 3). Importantly, when BDNF was
added to the Axon+SC compartment and
K252a concurrently added to the neuronal
compartment (condition 4), the inhibi-
tory effect of BDNF remained blocked.
This shows that the selective inhibition of
neuronal TrkB-FL receptor activation is
sufficient to block the inhibitory BDNF
signal, further implicating neuronal
TrkB-FL receptors as mediating the inhib-
itory effect on myelination of BDNF-
dependent DRG neurons. Again, we ob-
served a trend for the concurrent use of
BDNF and K252a to increase myelination
above K252a alone, further suggesting that
when neuronal TrkB-FL signaling is inhib-
ited, BDNF can exert a promyelinating in-
fluence via p75NTR.

Discussion

We have identified that BDNF exerts con-
trasting influences on the myelination of
distinct DRG neuronal subpopulations.
Using in vitro myelination studies, we have
demonstrated that BDNF exerts a promy-
elinating influence on NGF-dependent
DRG neurons by regulating the axonal sig-
nals that control myelination. Using neu-
rons isolated from the p75NTR knock-out
mouse, we have identified that BDNF acts
in a p75NTR-dependent manner to regu-
late these axonal signals. We also identified
a complementary role for BDNF as an in-
hibitor of myelination of BDNF-
dependent DRG neurons; this influence is
also mediated by axonal signals but is ame-
liorated by pharmacological inhibition of
tyrosine kinase signaling, suggesting a
TrkB-mediated effect.

Neurotrophins have an established role
in regulating peripheral myelination;
however, the influence the different neu-
rotrophins exert on the various subpopu-
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lations of DRG neurons remains uncertain. In vitro analysis of
NGF-dependent DRG neurons demonstrated that increased ex-
pression of BDNF correlated with myelin production and iden-
tified that exogenous BDNF exerts a promyelinating influence
(Chanetal.,2001). This is supported in vivo; BDNF injection into
the sciatic nerve enhances peripheral myelin formation during
development (Chan et al., 2001), and transgenic overexpression
of BDNF increases both the rate and extent of peripheral myeli-
nation (Tolwani et al., 2004). Furthermore, BDNF is necessary
for remyelination after peripheral nerve injury (Zhang et al.,
2000). Although p75NTR has been shown to be critical for these
effects (Cosgaya et al., 2002), identification of the cell type medi-
ating this effect has remained elusive. The recent finding that
BDNF induces polarity of Par-3 to the inner Schwann cell mem-
brane adjacent to the axon during ensheathment suggested at
least part of the promyelinating influence of BDNF is mediated
via Schwann cells (Chan et al., 2006). However, by using p75NTR
knock-out neurons in in vitro myelination assays, we have unam-
biguously identified that neuronal p75NTR receptors exert a nec-
essary role in effecting the promyelinating influence of BDNF on
the NGF-dependent subset of DRG neurons. Interestingly, after
lentiviral mediated knockdown of p75NTR in Schwann cells,
BDNF maintained its capacity to enhance myelination, suggest-
ing Schwann cell p75NTR plays a limited role in myelination
under these in vitro circumstances, further supporting the impor-
tance of neural signaling in this context. There also appears to be
a fundamental difference in how NGF and BDNF promote
Schwann cell myelination. NGF promotes the myelination of
NGF-dependent neurons via activation of neuronally expressed
TrkA receptors (Chan et al., 2004), whereas our data indicate that
BDNF promotes myelination of these neurons via activation of
neuronal p75NTR receptors.

Previous studies identifying a promyelinating role for BDNF
were confined to analysis of NGF-dependent neurons (Chan et
al.,, 2001; Cosgaya et al., 2002), but using BDNF-dependent DRG
neurons, our data establish that BDNF can also exert an inhibi-
tory role. At first pass, this might appear counterintuitive given
that BDNF injection into the sciatic nerve enhances myelination
during early postnatal development (Chan et al., 2001). However,
TrkB is expressed in a small proportion (~20%) of DRG neurons
at this time (Wright and Snider, 1995); thus, in the presence of a
promyelinating response by the majority population of TrkA+/
p75NTR+ DRG neurons, the effect that BDNF exerts on the
TrkB+ subpopulation would be difficult to identify. The re-
sponse could also be developmental-stage specific. Clearly, it is
important to establish whether BDNF exerts selective inhibitory
effects on TrkB+ DRG neurons in vivo. This is technically chal-
lenging but could be addressed using a transgenic approach to
selectively prelabel TrkB-FL+ DRG neurons and injecting BDNF
into the developing sciatic nerve to establish an influence on
myelination of these prelabeled neurons.

In combination, these data highlight a significant difference in
the influence that Trk receptor activation exerts on peripheral
myelination. NGF signaling through neuronal TrkA promotes
Schwann cell myelination (Chan et al., 2004), whereas our data
indicate that BDNF signaling through neuronal TrkB inhibits it.
Given the structural and signaling similarities between TrkA and
TrkB, precisely how this contrasting influence on myelination is
mediated remains unclear. Nevertheless, TrkA and TrkB are ex-
pressed in phenotypically distinct subpopulations of DRG neu-
rons and are rarely coexpressed in the same neuron (Wright and
Snider, 1995). Thus, cell-context specificity in receptor tyrosine
kinase signaling could account for these differential effects. Alter-
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natively, BDNF-induced signaling via TrkB-FL could be modi-
fied by truncated TrkB receptors.

Our data underscore the prominent role that neuronally de-
rived signals exert in directing myelination. It is firmly estab-
lished that axonal-derived neuregulin signaling exerts context-
dependent effects at multiple stages of Schwann cell development
(Michailov et al., 2004; Nave and Salzer, 2006). In particular,
neuregulin-1 type III provides the key instructive signal that de-
termines the ensheathment fate of axons (Taveggia et al., 2005).
Interestingly, it has been demonstrated that both NGF and BDNF
not only promote expression of neuregulin-1 in NGF-dependent
DRG neurons in vitro but also induce its rapid cleavage and re-
lease as an essential component of its activation (Esper and Loeb,
2004). As Schwann cells express and secrete neurotrophins
(Friedman et al., 1996), these cells could, therefore, directly in-
fluence the amount of neuregulin-1 stimulation they receive via
selective targeting of neurotrophins to adjacent axons. Thus, al-
though neuregulin-1 type III remains the ultimate arbiter of en-
sheathment fate, developmental changes in the expression, loca-
tion, and activation of the neurotrophins and their receptors
could induce Schwann cell-to-axon interactions critical for coor-
dinated peripheral nerve myelination. The p75NTR and TrkA
receptors are expressed in ~80% of neurons in the early postnatal
period (Molliver and Snider, 1997; Molliver et al., 1997), coinci-
dent with the commencement of myelination. Interestingly,
TrkA expression is ultimately downregulated to ~40% of DRG
neurons by P14 (Molliver et al., 1995; Molliver and Snider, 1997),
which are predominantly but not exclusively small and unmyeli-
nated, whereas those that transiently express TrkA must compro-
mise a significant component of the total myelinated pool of
axons in the adult. Ultimately, the likelihood of an individual
axon becoming myelinated is dependent on the orchestration of
several independent factors that influence neuregulin-1 type III
expression and processing, rather than Trk or p75NTR-mediated
signaling in isolation. Contextual influences could also be ger-
mane to the inhibitory effect that BDNF exerts on the TrkB+
population, whereby the in vivo effect could be to delay rather
than to block myelination and possibly to do so at critical stages
of development when synaptogenesis and neuronal pruning are
being effected. Resolution of these issues clearly requires detailed
in vivo analysis, but this will be challenging given that neurotro-
phin and neurotrophin receptor-deficient mice all display severe
deficits in DRG neuron survival, an important confounder
(Conover and Yancopoulos, 1997).

Our findings contribute important insights into the influence
BDNF exerts on peripheral myelination. First, neuronal p75NTR
expression is critical for the promyelinating influence of BDNF.
Second, BDNF-induced activation of neuronal TrkB receptors
inhibits Schwann cell myelination. Neurotrophin-mediated in-
fluences on the capacity of individual axons to become myelin-
ated are, therefore, determined by the unique cell-specific expres-
sion of neurotrophin receptors. These findings also highlight the
importance of a thorough examination of the influence of puta-
tive remyelinatitive therapies on all DRG neuronal subpopula-
tions rather than assuming a unified response.
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