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Brief Communications

Grb2-Associated Binder-1 Is Required for Neuregulin-1Induced Peripheral Nerve Myelination
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Grb2-associated binders (Gabs) are scaffolding proteins implicated in cell signaling via receptor tyrosine kinases including neuregulin1(NRG1)-ErbB receptor signaling, which is essential for peripheral nerve myelination. Here, we show that the conditional removal of
Gab1 from Schwann cells resulted in hypomyelination and abnormal development of Remak bundles. In contrast, hypomyelination was
not observed in conventional Gab2 knock-out mice. Tyrosine phosphorylation of Gab1, but not Gab2, in sciatic nerves was upregulated
during the myelination period and was found to be suppressed in NRG1-type III(⫹/⫺) mice, which display a hypomyelinated phenotype
similar to that observed in Gab1 knock-out mice. Gab1 knock-out and NRG1-type III(⫹/⫺) mice both exhibited reduced extracellular
signal-regulated kinase activity in myelinating nerves. In addition, Krox20, a transcription factor that is critical for myelination, has been
identified as a target of the NRG1-Gab1 pathway during the myelination process. Our findings suggest that Gab1 is an essential component of NRG1-type III signaling during peripheral nerve development.
Key words: conditional knock-out mice; Grb2-associated binders; myelination; neuregulin; Schwann cells

Introduction
The myelination of peripheral nerves is achieved through an ensheathment process involving the extended membranes of
Schwann cells (SCs) after birth, and the thickness of the myelin
sheath is proportional to the axonal diameter (Pereira et al.,
2012). To determine the ensheathment fates of axons and properly organize myelin sheath formation relative to axonal diameter, several molecular aspects of axon–SC interactions have been
emphasized (Pereira et al., 2012). Axonal signals, such as
neuregulin-1 (NRG1)-type III, determine not only the ensheathment of large axons but also the extents of myelination (Michailov et al., 2004; Taveggia et al., 2005). Extracellular signal
regulated kinase (ERK)-dependent pathways have been implicated in the NRG1-induced activation of Krox20 (also known as
Egr2), an essential transcription factor for the myelination of
peripheral nerves (Topilko et al., 1994; He et al., 2010). It has also
recently been reported that the temporal regulation of phosphoinositide 3 kinase (PI3K)-AKT activity controls myelin sheath
thickness (Cotter et al., 2010). In contrast to the abundance of
evidence for the roles of ERK and PI3K in myelination, the ways
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in which the activities of these proteins are regulated by NRG1 in
the myelinating nerves remain largely unknown.
Grb2-associated binders (Gab1–3) are scaffolding proteins
involved in signal transduction of receptor tyrosine kinases and cytokine receptors (Gu and Neel, 2003). Gabs are tyrosine phosphorylated and provide a docking site for several SH2 domain-containing
signaling proteins, such as protein tyrosine phosphatase 2 (Shp2)
and PI3K-regulatory subunit p85, which activate ERK and AKT,
respectively (Gu and Neel, 2003; Nishida and Hirano, 2003). Studies
on Gab1-deficient mice revealed that Gab1 is essential for the development of several organs, including the heart and muscle (Itoh et al.,
2000; Sachs et al., 2000). The NRG1-ErbB2 pathway also requires
Gabs for the maintenance of cardiovascular systems (Nakaoka et al.,
2007). Given the importance of the NRG1-ErbB2-ERK/AKT cascade in peripheral nerve myelination, we investigated the role of
Gab1 and Gab2 in peripheral nerve myelination using SC-specific
Gab1 knock-out mice and conventional Gab2 mice. We identified
an important role of Gab1, but not Gab2, in peripheral nerve myelination. In addition, haploinsufficient NRG1-type III(⫹/⫺) mice,
which experience hypomyelination (Michailov et al., 2004), exhibited a decrease of Gab1 signaling in the developing sciatic nerves.
Together, our findings demonstrate that Gab1 is a novel regulator of
NRG1-induced peripheral nerve myelination.

Materials and Methods
Animals. Genotyping for the Gab1 locus, myelin protein zero (MPZ)-Cre
transgene, and NRG1-type III mice were performed by PCR analysis of tail
genomic DNA as described previously (Feltri et al., 1999; Itoh et al., 2000;
Taveggia et al., 2005). Conventional Gab2 knock-out mice were obtained
from RIKEN animal resources center. All surgical procedures were performed according to protocols approved by Dong-A University Committee
on Animal Research, which follows the guidelines for animal experiments

7658 • J. Neurosci., May 28, 2014 • 34(22):7657–7662

that were established by the Korean Academy of
Medical Sciences. Either sex of animals was used
for the following analyses.
Electron microscopy. Sciatic nerves were processed for electron microscopy (EM) as described previously (Shin et al., 2010). To
measure the g-ratio of myelinating SCs, captured EM images (⫻4000 –5000) were analyzed using ImageJ software (National Institute
of Health, Bethesda, MD). The g-ratios were
determined by dividing the perimeter of the
axon by that of the outer leaflet of the myelin
sheath. Morphometric analyses of Remak bundle development were determined from the
same images used for g-ratio analysis. The
number of myelinated fibers in a montage consisting of ⬃20 photographs taken at ⫻600
magnification using semithin sections was
evaluated for each mouse (n ⫽ 3).
Immunofluorescence staining, Western blot
analysis, and quantitative reverse transcription
PCR. Immunofluorescence (IF) staining,
Western blot analysis, and quantitative PCR
(qPCR) were performed as described previously (Shin et al., 2013). The sources of antibodies and sequences of primers for qPCR are
available upon request.
To quantify the number of Krox20-positive
cells in cross sections stained for Krox20, 8 –10
captured images (100 ⫻ 100 m) from three
independent experiments for each group were
used. The number of DAPI-positive and
Krox20-positive nuclei within this was
counted, and the data represent the percentage
of Krox20-positive cells out of the total number of DAPI-positive nuclei.
Primary SC culture, plasmids, and lentiviral
infection. Primary SCs were isolated from the
sciatic nerves of 4- to 5-d-old Sprague Dawley
pups using a modified version of Brockes’
method (Brockes et al., 1979). When the cell
density reached 70% confluency, lentiviral particles expressing Gab1-shRNAi or scrambled
shRNAi, which were generated using Lentiviral
shRNA vectors (MISSION shRNA Lentiviral
Transduction; Sigma) and packaging vectors,
were administrated at various concentrations
for 18 –24 h. Then, the medium was replaced
with fresh DMEM containing 10% FBS and
cultured for another 24 h. For biochemical
analyses, infected primary SCs were plated on
24-well dishes at a density of 1 ⫻ 10 5/well. The
following day, the cells were starved by replacing the media with DMEM containing 0.5%
FBS. Following an overnight incubation, the
cells were treated with NRG1 for the indicated
times. SC lysates were prepared in boiling 2⫻
SDS dye for Western blot analysis.
Electrophysiology. Electrophysiology was
performed on the sciatic nerves of adult mice.
After anesthesia, a pair of steel needle electrodes (Technomed Europe) was placed over
the sciatic nerves at the sciatic notch (for proximal stimulations) or the ankle (for distal stimulations). The measurement of motor nerve
conduction velocity (NCV) was performed using supramaximal stimulations of 0.01 ms
duration using a Nicolet Viking IV. The peakto-peak amplitude and latency of CMAP were
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Figure 1. The expression and activation profiles of Gab1 and Gab2 in SCs. A, B, Representative IF staining against Gab1 and Gab2
in teased nerve preparations (A) and cross sections (B) of P60 sciatic nerves. Double arrows, myelinating SCs; single arrows,
nonmyelinating SCs; p75, p75 neurotrophin receptor; NF, neurofilament; TuJ1, ␤-tubulin. Aⴕ, A magnified image. C, The expression of Gab1 and Gab2 in cultured SCs was identified by S100 staining. D, Western blot analysis displaying NRG1-induced activation
of Gab1 and Gab2 in primary SCs. E, The localization of Gab1 in membrane ruffles (arrow) following NRG1 treatment for 60 min.
Scale bars: A–C, E, 20 m. F, Western blot analysis showing the complete suppression of Gab1 expression in Gab1-silenced SCs. In
contrast to the sustained activation of ERK and AKT by NRG1 (⬎20 min) in scrambled (Scr)-shRNAi-infected SCs, the phosphorylation of ERK and AKT was only minimally increased by NRG1 in Gab1-shRNAi-infected SCs, and it returned to basal levels within 20
min. G, Western blot analysis displaying the expression and activation profiles of Gab1 and Gab2 in developing sciatic nerves. At
least three independent experiments were performed for Western blot analysis (D, F, G), and representative blots were shown.
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of adult sciatic nerves using IF staining.
Both Gab1 and Gab2 were observed in the
abaxonal cytoplasm of myelinating SCs
(Fig. 1A). The compact myelin sheath and
axoplasm, which were identified by MPZ
and axonal cytoskeleton proteins (neurofilament and ␤-tubulin), respectively,
were devoid of Gab1 and Gab2 staining.
Gab1 and Gab2 were also observed in
nonmyelinating SCs, which were identified by p75 neurotrophin receptor staining. Similar profiles of Gab1 and Gab2
expression in SCs were also identified by
IF staining of adult sciatic nerve cross section (Fig. 1B). Consistent with the observed IF staining patterns in sciatic
nerves, abundant expression of Gab1 and
Gab2 was observed in the cytoplasmic region of cultured primary SCs, which were
identified by S100 immunostaining (Fig.
1C). Western blot analysis revealed that
treatment of primary SCs with NRG1 (200
ng/ml) induced tyrosine phosphorylation
of Gab1 at residue 627 (pGab1), which is
indicative of Gab1 activation (Gu and
Neel, 2003), within 10 min. In contrast,
NRG1 did not induce tyrosine phosphorylation of Gab2 at residue 452 (pGab2;
Fig. 1D). We observed a mobility shift of
Gab2 in SDS-PAGE following NRG1
treatment. This shift appeared to be induced by serine phosphorylation of Gab2
(p-S-Gab2; Fig. 1D), which is not associated with Gab2 activation (Lynch and
Daly, 2002). In addition, NRG1 treatment
led to an increase Gab1 staining in membrane ruffles where ErbB3 was colocalized
(Fig. 1E), indicating a role of Gab1 as a
downstream mediator of NRG-ErbB signaling in SCs.
To determine the role of Gab1 in
NRG1-induced ERK/AKT activation, we
silenced Gab1 expression using Gab1Figure 2. SC-specific knock-out of Gab1 results in hypomyelination. A, Aⴕ, Western blot analysis (A) and IF staining (Aⴕ) targeted lentiviral shRNAi in primary SCs.
displaying a reduction in Gab1 expression in the sciatic nerves (SN) of Gab1-SCKO mice, compared withGab1flox mice at P60. Br, SCs that were infected with lentiviral
brain. B, Representative EM images of sciatic nerves from Gab1flox and Gab1-SCKO mice at P8 and P60. Scale bar, 2 m. Bⴕ, A Gab1-shRNAi or lentiviral scrambled
magnified image of myelin lamellae. Scale bar, 50 nm. C, A scatter plot showing the g-ratio in relation to the axonal diameter at shRNAi were stimulated with NRG1, and
P60. Approximately 200 axons from two mice in each group were examined for this analysis. D, The mean length of the internodes
the NRG1-induced activation of ERK and
was measured using 130 teased nerve fibers in each group (n ⫽ 3) at P21 (mean ⫾ SEM). E, The distribution profile of myelinated
AKT was then analyzed using phosphoaxonal diameter. F, Representative EM images of unmyelinated nerve bundles. Scale bar, 2 m. G, Frequency distribution profile
flox
specific antibodies. In contrast to the susof the number of axons per unmyelinated nerve bundle in Gab1 and Gab1-SCKO mice at P60.
tained activation of ERK and AKT, which
was observed for ⬎20 min following
recorded from foot muscles using steel electrodes. The distance between
NRG1 treatment in lentiviral scrambled shRNAi-infected SCs,
the two stimulation sites and the difference in latencies were used for
NRG1-induced activation of ERK and AKT was severely abrocalculation of NCV.
gated in Gab1-silenced SCs (Fig. 1F ).
Statistical analysis. Statistical analysis was performed by using GraphWe next examined the time course of the expression of Gab1
Pad Prism software. P values were from Student’s two-tailed test, and
and
Gab2 proteins in sciatic nerves during postnatal developresults were expressed as mean and SEM.
ment using Western blot analysis (Fig. 1G). Gab1 expression in
Results
the sciatic nerves was detected at postnatal day 3 (P3) and was
Gab1 in SCs is responsive to NRG1 and is activated during the
observed to increase until P14. In addition, high levels of pGab1
postnatal myelination period
were observed during the first postnatal week but decreased
To gain insight into the role of Gab1 and Gab2 in SCs, we first
thereafter. Gab2 protein levels were high at P3 and decreased
localized Gab1 and Gab2 expression in teased nerve preparations
thereafter. Tyrosine phosphorylation of Gab2 at tyrosine residue

7660 • J. Neurosci., May 28, 2014 • 34(22):7657–7662

Shin et al. • Gab1 in Myelination

452 occurred at very low levels, and it was
not significantly altered throughout the
postnatal period. Together, these findings
indicate that Gab1 may be involved in peripheral nerve myelination.
Conditional removal of Gab1 from SCs
results in hypomyelination
To directly reveal the role of Gab1 in peripheral nerve myelination, we generated
an SC-specific conditional mutant in
which floxed Gab1 (Gab1flox; Itoh et al.,
2000) is removed by a MPZ promoterderived Cre recombinase (Feltri et al.,
1999). Because MPZ-Cre mice express
Cre recombinase at approximately E14.5–
E15.5, the SC-specific Gab1 ablation
(Gab1-SCKO) that is achieved in these
animals would occur before SC myelination. Gab1 deletion from the sciatic nerve
was confirmed by Western blot analysis
(Fig. 2A) and IF staining (Fig. 2A⬘). The
remaining Gab1 signal in Gab1-SCKO
nerves that was observed by Western blot
analysis might result from the expression
of Gab1 in other cell types, such as endoneurial fibroblasts and vascular cells,
which were not targeted by MPZ-Cre.
Gab1-SCKO mice were viable and did not
exhibit obvious gait abnormalities during
adulthood.
To explore myelination defects, myelin sheath thickness was quantified by
measuring the g-ratio in adulthood (P60). Figure 3. Myelination profiles of the sciatic nerves of Gab2-knock-out mice. A, Representative EM images of sciatic nerves from
The g-ratio of axons from Gab1-SCKO Gab2(⫹/⫺) and Gab2(⫺/⫺) mice at P60 (Adult). Scale bar, 2 m. B, A scatter plot showing the g-ratio in relation to the axonal
mice was 0.7893, and it was 0.703 in diameter at P10 indicates normal myelination in Gab2(⫺/⫺) mice. Approximately 200 axons from two mice in each group were
Gab1flox mice, thus suggesting reduced used for the analysis. C, Morphometric quantification of the g-ratio of adult sciatic nerves (n ⫽ 3, mean ⫾ SEM). D, Frequency
thickness of the myelin sheath in Gab1- distribution profile of the number of axons per Remak bundle in Gab2(⫹/⫺) and Gab2(⫺/⫺) mice. Over 150 bundles from each
SCKO nerves (Fig. 2 B, C). Hypomyelina- group were analyzed (n ⫽ 2).
tion was also observed in the sciatic nerves
ing, we observed a significant reduction in the total number of
of mutant mice at P8 (Fig. 2B) and was accompanied by a demyelinated fibers in Gab1-SCKO nerves compared with Gab1flox
crease in the longitudinal growth of myelinating SCs, which was
nerves (3295 ⫾ 173 vs 3999 ⫾ 205, p ⬍ 0.01). The phenotypes
demonstrated by a reduced mean length of the internode (Fig.
described above are similar to those reported in NRG1-type
2D). However, the ultrastructural appearance of myelin lamellae
III(⫹/⫺) mice (Taveggia et al., 2005). Thus our results suggest
(Fig. 2B⬘), the mean axonal diameter (2.94 ⫾ 0.009 m in
flox
that
NRG1-Gab1 signaling appears to play an important role in
Gab1 and 3.11 ⫾ 0.009 m in Gab1-SCKO, p ⬎ 0.05), and the
the
completion
of axonal segregation.
distribution of axonal diameter (Fig. 2E) were unchanged, indiWe next examined the functional aspect of sciatic nerve develcating that the number of spiral wrappings of myelin lamellae was
opment by measuring NCV in adulthood. Motor NCV was markreduced in the mutants.
edly slower in Gab1-SCKO mice, compared with Gab1flox mice
Remak bundle morphology was also severely altered in Gab1(21.55 ⫾ 1.81 vs 29.56 ⫾ 2.64 (m/s), p ⬍ 0.05). Together, these
SCKO mice compared with Gab1flox control mice (Fig. 2F ). Analfindings suggest that Gab1 is required for proper myelination of
yses of the frequency distribution of axons per unmyelinated
peripheral nerves.
nerve bundle revealed that more axons were associated with nonmyelinating SCs in Gab1-SCKO mice than in control mice (Fig.
Gab2 is not required for peripheral nerve myelination
2G), and the mean number of unmyelinated axons per bundle
We next determined whether Gab2 is required for peripheral
was 10.03 and 19.04 in Gab1flox and Gab1-SCKO mice, respecnerve myelination by examining the structures of sciatic nerves
tively ( p ⬍ 0.01). In addition, many axons were directly apposed
from conventional Gab2 knock-out mice (Nishida et al., 2002)
to each other and were not separated by the cytoplasm of an SC,
via EM. The reduction in Gab2 levels in the sciatic nerves of
presumably these were immature SCs that had not yet differenGab2(⫺/⫺) mice was demonstrated by Western blot analysis
tiated into Remak SCs (Fig. 2F ). Furthermore, ⬃50% of the bundles in Gab1-SCKO nerves contained more than one large axon
(see Fig. 4D). At P10 and adulthood, the degree of myelination
was not altered in Gab2(⫺/⫺) mice compared with Gab2(⫹/⫺)
(⬎1 m in diameter), while only 0.5% of the Remak bundles in
mice as demonstrated by analyses of the g-ratio (Fig. 3A–C). In
Gab1flox nerves contained a large axon. Consistent with this find-
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Figure 4. Role of Gab1 in NRG1-type III signaling in myelinating nerves in vivo. A, Western blot analysis using sciatic nerve lysates from NRG1-type III(⫹/⫹) and (⫹/⫺) mice at P10. B, C, The
relative levels of Gab1, ERK, and AKT phosphorylation were normalized to their respective total protein levels. For quantitative analysis, the films were scanned and the intensity was analyzed using
a LAS image analysis system (Fujifilm) from three independent experiments (mean ⫾ SEM). D, Western blot analysis showing the levels of p-ERK and p-AKT in the sciatic nerves of Gab1flox,
Gab1-SCKO, Gab2(⫹/⫺), and Gab2(⫺/⫺) mice at P10. E, F, Quantification of the relative levels of phosphorylation of ERK and AKT (n ⫽ 3, mean ⫾ SEM). G, Representative IF staining against
Krox20 in cross sections of sciatic nerves at P10. Scale bar, 30 m. The percentage data in the figures represent the percentage of Krox20-positive nuclei from DAPI-positive nuclei (n ⫽ 3, mean ⫾
SEM). H, Western blot analysis showing the expression levels of MBP and MPZ in sciatic nerves at P10. Representative blots from three independent experiments were shown. I, qPCR analysis
revealed a reduction in krox20, mbp, mpz, and pmp22 mRNA levels in Gab1-SCKO nerves compared withGab1flox nerves (n ⫽ 3, mean ⫾ SEM); *p ⬍ 0.05, **p ⬍ 0.01.

addition, the morphology of Remak bundles and the development of unmyelinated axons were also normal in the mutants
(Fig. 3D). The NCV of the sciatic nerves of Gab2(⫺/⫺) mice was
not significantly different from that observed in Gab2(⫹/⫺)
mice [31.43 ⫾ 1.75 vs 29 ⫾ 2.42 (m/s), p ⬎ 0.05].
Gab1 mediates NRG1 signaling in myelinating nerves in vivo
We next examined whether NRG1 is responsible for Gab1 activation in developing sciatic nerve in vivo. NRG1-type III knockout mice are embryonic lethal, but NRG1-type III(⫹/⫺) mice are
viable and exhibit a hypomyelinated phenotype in the peripheral
nerves (Michailov et al., 2004). Western blot analysis of lysates
from developing sciatic nerves at P4 and P10 revealed a significant decrease in the level of pGab1 in NRG1-type III(⫹/⫺) mice,
compared with NRG1-type III(⫹/⫹) control mice (Fig. 4 A, B).
We also found a significant reduction in the phosphorylation
levels of ERK and AKT in nerves from NRG1-type III(⫹/⫺) mice
(Fig. 4 A, C).
To directly reveal the role of Gab1 in ERK/AKT activation in
myelinating nerves in vivo, we performed Western blot analyses
using sciatic nerve lysates from Gab1flox and Gab1-SCKO mice at
P10 (Fig. 4D–F ). The phosphorylation levels of ERK, but not
AKT, were significantly reduced in Gab1-SCKO nerves compared with Gab1flox nerves (Fig. 4 D, E). However, the phosphorylation levels of ERK and AKT in the sciatic nerves of Gab2(⫺/⫺)

mice were not significantly reduced compared withGab2(⫹/⫺)
mice (Fig. 4 D, F ).Together, these findings indicate that the
NRG1-Gab1-ERK pathway might be involved in peripheral nerve
myelination.
It has been shown that NRG1 signaling regulates postnatal
myelination in part via the activation of Krox20 (Kao et al., 2009;
He et al., 2010). Thus, we examined the expression levels of
Krox20 protein in the sciatic nerves of Gab1-SCKO and Gab1flox
mice (Fig. 4G). The levels of Krox20 expression in Gab1-SCKO
nerves were significantly lower than that observed in control
nerves at P10, as demonstrated by the reduced number of
Krox20-immunoreactive nuclei (21 ⫾ 1.46% vs 30.65 ⫾ 1.55%,
p ⬍ 0.05). This decrease in the level of Krox20 expression was
accompanied by a reduction in krox20 transcription as measured
using qPCR analysis of sciatic nerve RNA (Fig. 4I ). The expression of myelin proteins that are regulated by Krox20 activity, such
as MPZ and myelin basic protein (MBP; Kao et al., 2009; He et al.,
2010), was also decreased in the sciatic nerves of Gab1-SCKO
mice compared with Gab1flox mice (Fig. 4H ). qPCR analysis confirmed the decrease in the mRNA expression of the major myelin
genes, mbp, mpz, and pmp22, in the mutant nerves (Fig. 4I ). In
contrast to these findings, the expression levels of myelin proteins
in Gab2(⫺/⫺) nerves were similar to those observed in
Gab2(⫹/⫺) nerves (Fig. 4H ).
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Discussion
Here we have provided several lines of evidence for the specific
role of Gab1 in translating the intensity of NRG1 signaling on
axonal surface to the thickness of the myelin sheath for peripheral
nerve myelination. The activation profile of Gab1 parallels the
myelination period. Consistent with this observation, the genetic
removal of Gab1 in SCs resulted in defective longitudinal and
radial growth of the myelin sheath. Notably, the phosphorylation
levels of Gab1 during the myelination period decreased significantly in NRG1-type III(⫹/⫺) nerves. Finally, the deletion of
Gab1 from SCs abrogated ERK-mediated, but not AKTmediated, myelin gene expression. A recent report has shown
that the myelination phenotypes of ERK1/2(⫺/⫺) and NRG1type III(⫹/⫺) mutant mice are strikingly similar (Newbern et al.,
2011). Thus, we conclude that the NRG1-Gab1-ERK cascade participates in the control of myelin sheath thickness in part by regulating the expression of myelin-related proteins. Because
phosphorylated Gab1 provides docking sites for Shp2, an upstream mediator of ERK activation in a variety of cells (Cai et al.,
2002; Gu and Neel, 2003), Gab1-Shp2 interactions may be responsible for ERK activation and myelination. Indeed, the sciatic
nerves of Shp2 mutant mice are characterized by hypomyelinated
phenotypes and decreased ERK activation (Grossmann et al.,
2009). In contrast to the Gab1-dependent ERK activation in myelinating nerves in vivo, AKT activation was not significantly altered in the Gab1-SCKO. It appears that NRG1-Gab1 signaling
might not be responsible for the activation of AKT in myelinating
nerves in vivo or that multiple factors, including NRG1, may
regulate AKT with differential temporal dynamics during the myelination period.
In addition to the role of Gab1 in myelination, Gab1 and Gab2
may also participate in SC dedifferentiation and remyelination
following nerve injury because both processes appear to require
NRG1-ERK signaling (Guertin et al., 2005; Napoli et al., 2012;
Shin et al., 2013; Stassart et al., 2013). In particular, it has been
recently demonstrated that the postinjury induction of NRG1type I in SCs is essential for peripheral nerve remyelination during nerve repair (Stassart et al., 2013). Thus, a role of Gab1 and/or
Gab2 in NRG1-type I signaling during remyelination might be
expected. Further studies examining the roles of Gabs in SC physiology will provide insight into the molecular mechanisms underlying peripheral nerve development and repair.
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