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Background: Both p75 and Par3 become localized in a polarized manner in Schwann cells.
Results: BDNF activates Rac1 at the axon-glial interface, regulated by Par3, thereby facilitating proper alignment between the
axon and Schwann cells.
Conclusion: Polarized localization of Rac1 activation is critical for myelination.
Significance: Par3 is involved in Rac1 activation by BDNF-p75 at the axon-glial interface, thereby promoting myelination.

Brain-derived neurotrophic factor (BDNF) was shown to play
a role in Schwann cell myelination by recruiting Par3 to the
axon-glial interface, but the underlying mechanism has
remained unclear. Here we report that Par3 regulates Rac1 acti-
vation by BDNF but not by NRG1-Type III in Schwann cells,
although both ligands activate Rac1 in vivo. During develop-
ment, active Rac1 signaling is localized to the axon-glial inter-
face in Schwann cells by a Par3-dependent polarization mecha-
nism. Knockdown of p75 and Par3 individually inhibits Rac1
activation, whereas constitutive activation of Rac1 disturbs the
polarized activation of Rac1 in vivo. Polarized Rac1 activation is
necessary formyelination as Par3 knockdown attenuatesmyeli-
nation in mouse sciatic nerves as well as in zebrafish. Specifi-
cally, Par3 knockdown in zebrafish disrupts proper alignment
between the axon and Schwann cells without perturbing
Schwann cell migration, suggesting that localized Rac1 activa-
tion at the axon-glial interface helps identify the initial wrap-
ping sites.We therefore conclude that polarization of Rac1 acti-
vation is critical for myelination.

During development, cell-to-cell contact plays a critical role
in facilitating the exchange of signals between neighboring
cells. Myelination by Schwann cells is perhaps one of the best
examples, where myelinating glia are in intimate, continuous

contact with the axons that they myelinate, forming a recipro-
cal signaling network between the two cell types. This contact
and bidirectional communication begins from the time
Schwann cells migrate along the axonal surface and continues
until they begin ensheathing the axons. The process of wrap-
ping axons is particularly polarized, being initiated at the axon-
glial interface and continuing until mature myelin is formed.
Partitioning-Defective 3 (Par3), amember of the polarization

complex that includes Par6 and protein kinase C (1), was
recently shown to play a critical role in this process. Par3 was
localized at the axon-glial interface, recruiting p75 in response
to BDNF3 (2), which is secreted by the axons (3). In particular,
Par3 knockdown markedly inhibited myelination in vitro (2).
Par3 contains three PDZdomains, rendering it capable of inter-
acting with a large number of proteins aside from Par6 and
aPKC in a polarization complex. They include Tiam1 (4),
KIF3A (5), Inscrutable (6), Nectins (7), 14-3-3 (8), JAM (9),
Ku70 (10), and dynein (11). Considering the ability of Par3 to
interact with such a variety of proteins, it is possible that the
previously reported effect of Par3 knockdown in myelination
cultures (2) could have been due to disruption of its association
with a protein critical for myelination.
Here, we report that Par3 is responsible for localized small

GTP binding protein, Rac1, activation in response to BDNF but
not by NRG1-Type III in Schwann cells. Par3, therefore, plays a
critical role in distinguishing two different axonal signals,
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EXPERIMENTAL PROCEDURES

Reagents—The Fc recombinant proteins were purchased
from R&D Systems and BDNF from Promega. The antibodies
used in the study include p-PAK (Cell Signaling Technology,
Inc.), actin, and fyn (Santa Cruz Biotechnology, Inc.), Rac1,
Par3, and neurofilament (Millipore), p75 (Promega), and myc
(Covance). PKI-166 was a gift from Novartis.
Constructs—The Par3 construct was a gift fromDr. IanMac-

ara. The PDZ 1, 2, and 3 constructs were described in Ref. 2.
RNAi Sequences—The Par3 and its control RNAi sequences

were published (2), as were the p75 and its control RNAi
sequences (12). The oligonucleotides containing the shRNA of
the individual RNAi sequences were placed into pSIREN-Ret-
roQ-ZsGreen1 vector (Clontech) using the BamHI and XbaI
sites as directed by the vendor. Retroviruses were generated
following transient transfection of the shRNA constructs in
PlatE cells (Cell Biolabs), and the viral supernatants were con-
centrated by centrifugation at 20,000 rpm for 4 h at 15 °C using
an SW28 rotor (Beckman). The viral pellet was resuspended in
a small volume of media and frozen at �80 °C until used. For
infection of Schwann cells in vitro and in vivo, a combinedmix-
ture of three different RNAi viruses were used for efficient
knockdown.
Primary Schwann Cell Culture—Primary rat Schwann cells

were isolated from P0-P1 rats andmaintained according to Ref.
13. For RNAi knockdown experiments, Schwann cells were
infected with the retroviruses that express the shRNA
sequences, and the lysates were harvested 3 days later.
RacGTP Assays and Western Blotting—RacGTP assays were

performed as described (14). For quantification, RacGTP sig-
nals were adjusted to total Rac1 to obtain “relative RacGTP
levels.” The lysates were prepared and processed as described
(14).
Preparation of Neuregulin 1 Type III—Neuregulin 1 type III

cDNA was transfected into 293T cells, and the membranes
were prepared according to Ref. 15. As a control, the mem-
branes from untransfected 293T cells were prepared in parallel.
To add the membranes to Schwann cells, 8 �g of membrane
preparations was placed onto Schwann cell monolayers by a
3-min spin in a dish at 3000 rpm as described (15, 16). The
cDNA for NRG 1-Type III was a generous gift from Dr. Doug
Falls.
Injection of Fc Fusion Proteins and Retroviruses into Neonate

Mice—Injection of Fc proteins or retroviruses into P0 mouse
sciatic nerves were performed as described (2). Briefly, 2 �l of
Fc solutions (1 �g/�l) or 5 �l of concentrated retroviruses was
injected using a glass-pulled pipette over the sciatic nerve mid-
way between the knee and hip by penetrating through the outer
skin. For every injection, one side was injected with experimen-
tal reagents, whereas the other side was injected with appropri-
ate controls in a single mouse. Four days after the injection, the
1-cm sciatic nerve segment surrounding the injection site was
isolated for immunohistochemistry and biochemical analyses.
For statistical analyses, Student’s t test was used.
P75 Knockout andWild-type Mice—The p75 knockout mice

that carried themutation in exon 3 of the p75 gene (17) and the
wild type mice were obtained from heterozygote mating as lit-

termates. Themice were backcrossed to C57/BL6 for 10 gener-
ations to make them congenic. Their genotype was determined
by PCR analyses of tail DNA according to Bentley and Lee (18).
For experiments, both sexes were used.
Myelination Cultures with p75 Knockdown—Rat Schwann

cells were transfected with the control-shRNA or p75-shRNA
as described (19). Cells were plated in Ultraculture media (Bio-
Whittaker) supplemented with 10% FBS, 2 mM L-glutamine,
and 50 ng/ml NGF at a density of 80,000 cells/2.2 cm2 per col-
lagen-coated coverslip.Myelinationwas induced 5 days later by
adding 50 �g/ml of ascorbic acid in the growth media. Growth
media and ascorbic acid were replaced every 2 days. Following
10 days of treatment, cells were fixed and immunostained for
MBP. For quantification,MBP� internodeswere quantified in a
blinded manner. For statistical analysis, a Student’s t test was
used.
TEM Analyses and Quantification—For TEM of the tissues,

the sciatic nerves encompassing the segment from the hip to
the knee were dissected (�0.5 cm) 4 days after retrovirus in-
jections and divided further into three equal parts using a sharp
razor blade. The tissues were fixed for 2 h at room temperature
with 2%paraformaldehyde/2% glutaraldehyde in 0.1MNa caco-
dylate buffer (pH 7.2), rinsed in 0.1 M Na cacodylate buffer, and
placed in 1% osmium/0.1 M Na cacodylate for 60–90 min at
room temperature. The tissues were stained en bloc for 1 h in
2% uranyl acetate and embedded in Spurr resin following dehy-
dration procedures. Sections were cut on a coronal plane at 80
nm using a Reichert Ultracut E ultramicrotome and collected
on 300 mesh grids. Sections were stained in 2% uranyl acetate
andReynolds lead citrate before observation in Field Electron&
Ion Source Company Technai G2 Spirit TEM at 60kV (Ohio
State University Campus Microscopy and Imaging Facility).
For quantification ofmyelinated axons, three random images

were obtained from each cross-section of the sciatic nerve,
from three cross-sections per mouse (the number of images �
36 from 4 mice). The electron photomicrographs were pre-
pared at �2550 magnification, and the number of myelinated
axons, myelin thickness, and g ratio were counted using ImageJ
software. For statistical analyses, Student’s t test was used.
Morpholinos—pard3 antisense morpholino (MORPH1404,

sequence 5�-TCCAACACTCCTTCCCGAATCCAAG-3�) was
obtained from Open Biosystems. MO2 (5�-TCAAAGG-
CTCCCGTGCTCTGGTGTC-3�) and a random sequence con-
trol MO3 were obtained from Gene Tool LLC. Both MOs were
resuspended in H2O at a concentration of 1.0 mM. Each MO
was diluted to a working concentration of 0.25 mM in H2O and
phenyl red and injected (1–2 nl) into Tg(sox10(7.2):mRFP);
Tg(olig2:EGFP) zebrafish embryos (20, 21) at one cell stage. The
embryos were raised at 28.5 °C until analysis at 4 dpf.
In Situ RNA Hybridization in Zebrafish—Zebrafish larvae

were fixed in 4% paraformaldehyde for 24 h and stored in 100%
methanol at �20 °C. The mbp RNA probe was synthesized
using a digoxigenin labeling kit (Roche) and T7 RNA polymer-
ase (NEB). After in situ RNA hybridization and staining,
embryos were dissected from the yolk and mounted in 75%
glycerol on bridged microscope slides. Images were obtained
using Volocity software (PerkinElmer Life Sciences) and a Zeiss
AxioObserver inverted microscope equipped with differential
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interference contrast optics and a Retiga Exi color digital cam-
era. Images were exported to Photoshop (Adobe). Image
manipulations were limited to cropping, contrast, brightness,
and color matching settings.
In Vivo Imaging of Zebrafish—For imaging, larvae were

lightly anesthetized using ethyl 3-aminobenzoate methanesul-
fonic acid (Tricaine), immersed in 0.8% low-melting tempera-
ture agarose, and mounted on their sides in glass-bottomed
35-mm dishes (World Precision Instruments). Images were
captured using a �40 oil immersion objective mounted on a
motorized Zeiss AxioObserver microscope equipped with a
PerkinElmer Life Sciences UltraVIEW VoX spinning disk con-
focal system. Z image stacks were collected and compiled using
Volocity software and exported to Photoshop. Image manipu-
lations were limited to brightness settings and cropping.

RESULTS

BDNF andNRG1-Type III Activate Rac1 during Sciatic Nerve
Development—During development in rat sciatic nerves,
RacGTP levels peaked before the onset of myelination at
embryonic age 19.5 (E19.5) and then gradually declined until
reaching the adult level (Fig. 1,A andB). Because Schwann cells
are in constant contact with axons in addition to forming a
signaling junction with the extracellular matrix, we located the
sites of Rac1 activation by phospho-PAK (p-PAK) immuno-
staining. Although PAK is known to undergo autophosphoryl-
ation when bound to Rac1- and Cdc42-GTP (22), p-PAK stain-
ing represents mostly Rac1 activation at the premyelinating
stage because Cdc42 is not activated until myelination begins
(data not shown). In dorsal root ganglion (DRG) neuron
Schwann cell cocultures inwhichmyelinationwas not initiated,
p-PAK immunoreactivity was detectedwithin the Schwann cell
on the side that was in contact with DRG fibers (Fig. 1C, left
panel). Also at postnatal day 3 (P3) sciatic nerves,p-PAK immu-
noreactivity was asymmetrically localized toward the axon (Fig.
1C, right panel and inset). These results suggest that at least at
the premyelinating stage, signals from the axon induce Rac1
activation in Schwann cells. In further support, we failed to
detect any change in RacGTP levels in 2- to 3-week-old pure
DRG cultures after treating them with BDNF, NRG1-Type III,
and laminin (data not shown).
We hypothesized that BDNF and/or neuregulin (NRG) 1, the

two well known axonal signals (3, 15, 23), are responsible for
activating Rac1 in vivo. To test the hypothesis, TrkB-Fc or
ErbB3-Fc was injected into sciatic nerves of P0 mice, whereas
the control-Fc was injected into sciatic nerves on the contralat-
eral side. Although the RacGTP levels were readily detected
from the control-Fc-injected sciatic nerves at P4, they were
reduced by 80%withTrkB-Fc injections (Fig. 1D), and 70%with
ErbB3-Fc injections (E). These results suggest that both BDNF
andNRG1 are involved in activating Rac1 at P0-P4. It should be
noted that myelin protein P0 levels were also reduced with
TrkB-Fc and ErbB3-Fc, suggesting that the mechanisms by
which NRG1 and BDNF promote myelination are likely to
include Rac1 activation. In line with the in vivo data, both
BDNF and NRG1-Type III increased RacGTP levels in
Schwann cell cultures (Fig. 1, F and G).

Par3 Is Necessary for BDNF-mediated but not NRG1-Type
III-mediated Rac1 Activation—Par3, partitioning-defective
protein 3, was shown to be asymmetrically localized on the
axon-glial interface during the premyelination stage, recruiting
p75uponBDNF stimulation (2). Par3 can also bindRacGEF and
Tiam1, thereby regulating Rac1 activation in epithelial cells (4).
Because the p-PAK expression pattern mimics that of Par3 (2)
and Par3 interacted with Rac1 in P3 sciatic nerves (Fig. 2E), we
tested whether Par3 plays a role in BDNF- and/or NRG1-Type
III-dependent Rac1 activation in Schwann cells. Par3 was
knocked down in Schwann cells using retroviruses carrying
Par3 functional RNAi or control nonfunctional Par3 RNAi (2),
and the changes in RacGTP levels were measured at various
times after treatment with BDNF or NRG1-Type III. Par3
knockdown reduced RacGTP levels to the basal level with
BDNF (Fig. 2, A and B) but not with NRG1-Type III (C and D).
The reason for the difference was not clear because ErbB2 can
bind Par3 (Fig. 2F). These results nonetheless suggest that the
mechanism by which BDNF activates Rac1 is distinct from that
of NRG1-Type III in Schwann cells. More importantly, these
data indicate that Par3 plays a role in distinguishing the two
different axonal signals.
Selective Knockdown of Par3 in Schwann Cells in Vivo Inhib-

its Polarized Rac1 Activation and Myelination—P75 is
expressed both in DRG neurons and in Schwann cells, tending
to obscure whether p75 plays a positive role in myelination
from the neuronal side or the Schwann cell side. Our discovery
of Par3-mediated selectivity for BDNF overNRG1-Type III sig-
naling presents an opportunity for testing whether it is the p75
in Schwann cells that is responsible for its effect in myelina-
tion. Accordingly, we knocked down Par3 only in Schwann
cells by injecting the retrovirus for Par3-RNAi and its con-
trol RNAi to the P0 sciatic nerve and examined whether
polarized activation of Rac1 as well as myelination are
affected. The effect of Par3 knockdown on Rac1 activation
was assessed via p-PAK immunoreactivity. The extent of
infection is shown in Fig. 3A.
In the control virus-infected Schwann cells, red p-PAK

immunoreactivity was polarized to one side of GFP� Schwann
cells (Fig. 3B, inset). Par3 knockdown resulted in a significant
reduction in Rac1 activation (Fig. 3B), as it did with p75 knock-
down (Fig. 5C). These results provide additional evidence that
p75 and Par3 regulate Rac1 activation in Schwann cells. When
we activated Rac1 constitutively using a RacV12 retrovirus,
however, Rac1 activity was no longer polarized but distributed
throughout Schwann cells (Fig. 3B, inset).We found that loss of
polarized Rac1 activation by Par3 knockdown impacts myeli-
nation. P0 protein levels were reduced by 30% in Par3 knock-
down nerves compared with that in the control nerves. The
extent of Par3 knockdown was 57% (Fig. 3,C andD). The effect
onmyelination is also supported by EM analyses of the infected
sciatic nerves. Not only was the proportion of the axons that
weremyelinated reduced by 15%byPar3 knockdowncompared
with the control (Fig. 3, E–G), but themyelin thickness was also
reduced by 9.2%. In line with thinner myelin, the g ratio was
increased by 2.9% by Par3 knockdown (Fig. 3H). It should be
noted that the observed extent of changes in the myelin profile
is likely to have been an underestimate because not all Schwann
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FIGURE 1. BDNF and NRG1-Type III activate Rac1 in sciatic nerves. A, RacGTP levels are their highest at E19.5 in rats and gradually decline during develop-
ment. B, quantification of RacGTP levels in A. n � 6 – 8. C, asymmetric localization of phospho-PAK immunoreactivity in premyelinating Schwann cells in culture
and in vivo. Note that phospho-PAK staining is along the side of Schwann cells that were in contact with DRG axons in culture. NF, neurofilament. Scale bar �
5 �m (left panels). Similarly, p-PAK immunoreactivity is found predominantly adjacent to axons in P3 sciatic nerves (right panel). Scale bar � 12 �m). The inset
shows a high-magnification view. D, injection of TrkB-Fc and not control Fc into the sciatic nerves of P0 mice resulted in inhibition of Rac1 activation and P0
protein levels. Quantification is shown next to the figure. E, injection of ErbB3-Fc, and not control Fc, into the sciatic nerves of P0 mice resulted in inhibition of
Rac1 activation and P0 protein levels. Quantification is shown next to the figure. F, BDNF activates Rac1 in primary Schwann cells. BDNF was added at 50 ng/ml
for 1 h. Quantification is shown below the figures. G, NRG1-Type III activates Rac1 in primary Schwann cells. Membrane fractions (8 �g) from 293 cells expressing
a vector or NRG1-Type III cDNA were added onto Schwann cells for 1 h. Quantification is shown below the figures. Relative RacGTP levels represent the RacGTP
levels adjusted to total Rac1 level in each sample. For statistical analyses, Student’s t test was used.
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cells were infected with the virus. We therefore interpret these
data as suggesting that the p75-ErbB2-Par3 complex regulates
polarized activation of Rac1, thereby regulating certain aspects
of myelination in vivo.
Knockdown of pard3 in Zebrafish Larvae Inhibits MBP

Expression by Disrupting Normal Wrapping of Axons—Al-
though the EM data suggest that a smaller number of axons is
myelinated with Par3 knockdown in mouse sciatic nerves, it is
not clear at which step Par3 regulates myelination. To deter-
mine the precise step at which Par3 plays its role during myeli-
nation, we utilized fluorescentlymarked transgenic zebrafish in
which Par3 expression was knocked down by injecting into sin-
gle-cell embryos one of two different antisensemorpholino oli-
gonucleotides (MO1 andMO2) designed to block translation of
pard3 mRNA. At 4 dpf, larvae injected with pard3 MO had a
significant reduction in endogenous RacGTP levels as well as in
Pard3 protein (Fig. 4A). This result indicates that Par3 regulates
Rac1 activation in zebrafish as it does in rodent Schwann cells.
We next investigated whether pard3 knockdown also attenu-

ates the extent of myelination by performing in situ RNA
hybridization using mbp as a marker. In all the larvae that
received no MO (n � 31) or a control MO (n � 19),mbp RNA
was readily detected at motor nerves (Fig. 4B) and the posterior
lateral line nerve (Fig. 4C). In larvae that were injected with
either MO1 (n � 20, Fig. 4, D and E) or MO2 (n � 65, Fig. 4, F
and G),mbp RNA levels were significantly reduced along both
motor nerves and the posterior lateral line nerves. These results
suggest that Par3 regulates Schwann cell myelination both in
zebrafish and rodents.
To investigate the steps at which pard3 regulates Schwann

cell myelination, we injected MO into embryos at the one-cell
stage in Tg(sox10(7.2):mRFP);Tg(olig2:EGFP) embryos, grew
them until 4 dpf, and performed live cell imaging. This trans-
genic combination marks motor axons with enhanced green
fluorescent protein driven by olig2 regulatory DNA (24) and
Schwann cells with membrane-tethered RFP driven by sox10
regulatory DNA (20). In control larvae, Schwann cell wrapping
of motor axons is initiated by 4 dpf (Fig. 4H, arrows). In com-

FIGURE 2. Par3 is necessary for BDNF-mediated but not for NRG1-Type III-mediated Rac1 activation in Schwann cell cultures. A, Par3 is necessary for
BDNF-mediated Rac1 activation in Schwann cell cultures. Following infection with the retrovirus carrying Par3 RNAi (Par3i) or control RNAi (Coni), Schwann cells
were treated with 50 ng/ml BDNF for the indicated period of time. Control Par3 Western blot analysis demonstrates the extent of Par3 knockdown. B,
quantification of A. Relative RacGTP levels represent the RacGTP levels adjusted to total Rac1 level in each sample. For statistical analyses, Student’s t test was
used. C, knocking down Par3 in Schwann cells failed to inhibit Rac1 activation by NRG1-Type III. Following infection with the retrovirus carrying Par3 RNAi,
Schwann cells were treated with 8 �g/ml NRG1-Type III for the indicated period of time. D, quantification of C. E, Par3 interacts with Rac1 in P3 sciatic nerves.
Par3 was immunoprecipitated and blotted for Rac1. F, Par3 binds ErbB2 in 293T cells. Full-length Par3 and ErbB2 were transfected to 293T cells, and the
resulting lysates were subjected to immunoprecipitation with ErbB2 and Western blot analysis with Par3. Control inputs are shown (5% of the lysates used for
immunoprecipitation).
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parably staged pard3-injected larvae, Schwann cells migrated
to themotor roots but did not appear towrap axons tightly (Fig.
4I, arrows). These results are consistent with the possibility that
in the absence of Par3 signaling, Schwann cells lose polarity and
fail to form a tight interaction with the axon that they should
myelinate. We therefore conclude that Par3-mediated signal-
ing in Schwann cells is critical for proper myelination by help-

ing to establish and maintain the axonal contact at the time of
initial wrapping.
P75 Signals from Schwann Cells to Activate Rac1 and Pro-

mote Myelination—Although our Par3 knockdown data sug-
gest that BDNF acts on Schwann cells most likely through p75,
we cannot rule out the possibility that Par3 has an unknown
target that plays a role in myelination. We therefore tested

FIGURE 3. Selective knockdown of Par3 among Schwann cells in vivo results in disruption of polarized Rac1 activation and attenuation in myelination.
A, representative images of the retrovirus-infected sciatic nerves. GFP signals indicate the circular myelin sheath formed by the Schwann cells that were
infected with the retroviruses. The retroviruses carry GFP, so infected myelinating Schwann cells appear green in doughnut shapes. Scale bar � 15 �m. B,
knockdown of Par3 in vivo inhibits polarized Rac1 activation in Schwann cells. Note that p-PAK immunoreactivity is polarized within Schwann cells (inset).
Although p-PAK immunoreactivity is detected throughout the cross-section of the sciatic nerve from the control virus-infected mice, it is significantly reduced
in the nerves that were infected with shRNA-carrying retroviruses of Par3. In contrast, RacV12 infection increased p-PAK immunoreactivity throughout the
sciatic nerve and disrupted its polarization. Scale bars � 45– 47 �m. The inset shows a high-magnification view. C, knockdown of Par3 in vivo resulted in
reduction in P0 protein levels. Par3i, Par3 RNAi; Coni, control RNAi. Also shown is the control Western blot analysis, Par3, and tau. D, quantification of P0 proteins
from C. For statistical analyses, Student’s t test was used. E, representative EM images of the retrovirus-infected sciatic nerves at P4. Scale bar � 10 �m. F,
quantification of the proportion of the axons that were myelinated. Note that there were four different mice that had been injected with the virus. For statistical
analyses, Student’s t test was used. G, myelin thickness was reduced with Par3 knockdown. H, the g ratio was increased with Par3 knockdown.
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whether knocking down p75 itself in Schwann cells affects
myelination in vivo and in vitro. First, in an in vitro study, we
utilized DRG-Schwann cell cocultures where p75 expression
was knocked down by transfecting Schwann cells with the p75-
RNAi prior to seeding them onto pure DRG neurons as
described (19).When the extent ofmyelination was assessed by
staining for MBP on days 10–14 day following ascorbic acid
treatment, the number of MBP� fibers was reduced by 62% in
the p75 knockdown Schwann cells compared with the control
cultures (Fig. 5,A and B). These results suggest that it is the p75
in Schwann cells that plays a signaling role in myelination in
vitro.
To study the effect of p75 knockdown in vivo, we opted to

inject a retrovirus that carries the same p75 shRNA into mouse
sciatic nerves. As with Par3, knockdown of p75 resulted in a
significant reduction in p-PAK immunoreactivity as well as
MBP staining (Fig. 5C). In correspondence with the p-PAK
results, RacGTP levels in p75�/� mice were reduced by 40%
comparedwith that of the wild-typemice at E18.5 (Fig. 5,D and
E). The RacGTP levels at P3 and adult stages did not differ
between the genotypes. We therefore conclude that p75 pro-
motes myelination from the Schwann cell side, in part by regu-
lating Rac1 activation.

DISCUSSION

Here, we identified two signals that can activate Rac1 in
Schwann cells: BDNF and NRG1-Type III, in addition to �1
integrin (25). Of these three different inputs to activate Rac1 in
Schwann cells, it is the BDNF-dependent Rac-GTP signal that
is located at the axon-glial interface where myelination is likely
to occur. It is our contention that the location where Rac1 is
activated inside the cell is likely to affect which downstream
signaling pathways are to be activated, thereby impacting a par-
ticular step that is involved in myelination.
On the basis of Par3 knockdown results from zebrafish, we

propose that Par3-dependent Rac1 activation regulates where
axon wrapping should commence on the axon surface,
although it has little effect on Schwann cell migration along the
axon. These data are in agreementwith a report inwhich BDNF
was shown to inhibit Schwann cell migration in rat Schwann
cells (26). Although it remains to be tested whether Par3 in
zebrafish is also linked to BDNF and p75 signaling as it is in
rodents, we surmise that BDNF signaling in rodents is likely to
play a role in establishing the initial wrapping points along the
axon.
A recent study by Xiao et al. (27) demonstrated that BDNF

promoted myelination through p75 from the neuron side and

FIGURE 4. Knockdown of pard3 in zebrafish larvae resulted in abnormal Schwann cell wrapping and a significant reduction in mbp expression. A, pard3
MO1 reduces Pard3 protein levels and inhibits RacGTP levels in zebrafish larvae. Embryos at 4 dpf were deyolked, and proteins were extracted for RacGTP assays
and control Western blot analyses. B–G, lateral views at the level of the trunk of 4 dpf larvae hybridized for mbp. In control larvae (B and C), mbp is expressed in
stripes associated with ventral motor roots (B, asterisks) and along the posterior lateral line nerve (C, arrow). In pard3 MO1- (D and E) and MO2 (F and G)-injected
larvae, mbp expression is lost at the ventral roots (asterisks) and the posterior lateral line nerve (arrows), whereas it is still evident in the spinal cord (sc, brackets).
H and I, lateral views at the level of the trunk of 4 dpf Tg(olig2:EGFP);Tg(sox10:mRFP) larvae. Motor axons are green, and Schwann cells are red. In a control larva
(H), Schwann cells wrap motor axons (arrows), whereas in a MO1 injected larva (I), Schwann cells failed to align along the axon, forming a loose association with
the axon. The MO-injected larva also has a deficit of axon wrapping by oligodendrocytes, which are marked by RFP expression, in the spinal cord.
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that knocking down the receptor in Schwann cells hadno effect.
This is in direct contrast to our results presented here. The
reason for the difference is not clear, but it should be noted that
the age of theDRGneurons used in the two studies differ. In our
study, DRG neurons were isolated at E15 and cultured for a
week in the presence of NGF before Schwann cells were added.
This procedure approximates the neuronal stage when myeli-
nation occurs during normal development. On the other hand,
Xiao et al. isolated DRG neurons at P2 and cultured them for
2–3 weeks until they became independent of neurotrophins
before adding Schwann cells. The DRG neurons would essen-
tially be adult neurons. Hence, it is possible that p75 plays a
critical role in Schwann cells duringmyelin formation in devel-
opment but that in the adult when myelin forms, such as after
an injury, the receptor has amore critical role in the neurons. A

conditional knockout strategywill be important to better clarify
the role of p75 in Schwann cells pertaining tomyelination in the
future.
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