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Myelination of peripheral nerves by Schwann cells requires coordinate regulation of gene repression as well as gene activation. Several
chromatin remodeling pathways critical for peripheral nerve myelination have been identified, but the functions of histone methylation
in the peripheral nerve have not been elucidated. To determine the role of histone H3 Lys27 methylation, we have generated mice with a
Schwann cell-specific knock-out of Eed, which is an essential subunit of the polycomb repressive complex 2 (PRC2) that catalyzes
methylation of histone H3 Lys27. Analysis of this mutant revealed no significant effects on early postnatal development of myelin.
However, its loss eventually causes progressive hypermyelination of small-diameter axons and apparent fragmentation of Remak bun-
dles. These data identify the PRC2 complex as an epigenomic modulator of mature myelin thickness, which is associated with changes in
Akt phosphorylation. Interestingly, we found that Eed inactivation causes derepression of several genes, e.g., Sonic hedgehog (Shh) and
Insulin-like growth factor-binding protein 2 (Igfbp2), that become activated after nerve injury, but without activation of a primary
regulator of the injury program, c-Jun. Analysis of the activated genes in cultured Schwann cells showed that Igfbp2 regulates Akt
activation. Our results identify an epigenomic pathway required for establishing thickness of mature myelin and repressing genes that
respond to nerve injury.
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Introduction
The formation and maintenance of myelin by Schwann cells is
dependent upon transcriptional regulation that requires both ac-
tivation and repression of genes (Jessen and Mirsky, 2008; Svaren
and Meijer, 2008). While several transcription factors that coor-
dinate the transcriptional network of Schwann cell differentia-
tion are well characterized, the epigenomic modulators required
for myelination are only beginning to be elucidated. Previous
work has shown that histone deacetylases 1/2 (HDAC 1/2),
BRG1, and nucleosome remodeling and deacetylase (NuRD)
chromatin remodeling complexes are required for formation and
long-term maintenance of stable myelin (Jacob et al., 2011; Hung
et al., 2012; Weider et al., 2012). BRG1 interacts with SOX10 and
is required for activation of many genes associated with myelina-

tion (Weider et al., 2012). The absence of HDAC 1/2 in Schwann
cells causes a differentiation arrest (Chen et al., 2011; Jacob et al.,
2011), while a Schwann cell-specific deletion of the HDAC 1/2-
associated NuRD complex causes myelination deficits (Hung et
al., 2012). HDAC 1/2 and the NuRD chromatin remodeling com-
plex play a role in repression of negative regulators of myelina-
tion, but are also involved in gene activation in Schwann cells
(Chen et al., 2011; Jacob et al., 2011; Hung et al., 2012). A recent
study has also revealed DNA methylome dynamics during
Schwann cell development (Varela-Rey et al., 2014). However,
the roles of histone modifications specifically involved in gene
repression during Schwann cell development have not been
elucidated.

Polycomb repressive complex 2 (PRC2) is involved in diverse
biological processes, including differentiation, the maintenance
of cell identity, proliferation, and embryonic stem (ES) cell plas-
ticity, by coordinating the repression of tissue-inappropriate and
stage-inappropriate transcriptional programs (Boyer et al., 2006;
Ezhkova et al., 2009, 2011; Aldiri and Vetter, 2012; He et al.,
2012). EZH2, a core subunit of PRC2 with methyltransferase
activity, catalyzes dimethylation and trimethylation of histone
H3 Lys27 (H3K27me2 and H3K27me3). H3K27 methylation re-
cruits downstream regulatory factors to create a transcriptionally
repressive chromatin environment (Viré et al., 2006; Stock et al.,
2007; Endoh et al., 2008; Ku et al., 2008; Pasini et al., 2008). A loss
of nonredundant core subunits of PRC2 (i.e., EED and SUZ12)
results in a global loss of H3K27me2 and H3K27me3 (Pasini et
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al., 2004; Montgomery et al., 2005), and PRC2 mutants display
developmental and proliferative abnormalities, which lead to
embryonic lethality during the gastrulation stage in mouse (Faust
et al., 1995; O’Carroll et al., 2001; Pasini et al., 2004).

In the following experiments, we investigated the function of
H3K27me3 in peripheral nerve by creating a Schwann cell-
specific deletion of Eed, an indispensable subunit of the PRC2
complex. Surprisingly, peripheral nerve Eed inactivation does not
visibly affect myelination in the early postnatal period, but does
cause abnormal gene expression and structural defects, including
progressive hypermyelination and morphology changes affecting
both myelinating and nonmyelinating Schwann cells (nmSCs).
Our results demonstrate a role for the PRC2 epigenomic pathway
in regulating myelin maturation.

Materials and Methods
Antibodies and primer sequences. The antibodies and primers are listed in
Tables 1 and 2.

Experimental animals. Mouse experiments were performed according
to protocols approved by the University of Wisconsin School of Veteri-
nary Medicine. Eed-floxed mice (C57/CD1/129 mixed background) and
mP0TOTA-Cre (FVB/N, P0-Cre) mice were genotyped as described pre-
viously (Feltri et al., 1999; Xie et al., 2014). Samples collected from mice
homozygous for floxed Eed served as control in this study, except for 7
month sciatic nerve samples used in electron micrograph (EM) analysis.
Eed conditional knock-out mutants and littermates with a null/null,

null/floxed, or floxed/floxed Eed allele were used as controls for this time
point and nerves from wild-type littermates were indistinguishable in
EM analysis. Littermates were used as a control in most experiments.

Immunohistochemistry. Freshly dissected nerves were embedded in
Tissue-Tek OCT compound (Sakura Finetek) and snap frozen with liq-
uid nitrogen. Longitudinal or transverse cryostat sections (14 �m) were
air dried for 5 min and fixed in 4% paraformaldehyde for 15 min. The
sections were then blocked in PBS containing 5% donkey serum/1%
BSA/3% Triton X-100 for 1 h at room temperature. Primary antibody
incubation was performed overnight at 4°C in PBS containing 5% don-
key serum/1% BSA/1% Triton X-100 and secondary incubation was per-
formed in PBS at room temperature for 1 h. Hoechst 33342 (1:5000 in
PBS; Sigma-Aldrich) was applied to stain nuclei for 1 min. Three 4 min
washes were performed in PBS after fixation and blocking, and in PBS
containing 0.1% Tween 20 after primary antibody incubation and nu-
clear staining. After coverslips were mounted using Fluoromount-G
(SouthernBiotech), sections were examined on a confocal microscope
(Nikon A1R-Si).

Western blot. Freshly dissected nerves were snap frozen with liquid
nitrogen and crushed in dry ice. The nerves were then homogenized in
lysis buffer [50 mM Tris-HCl, pH 6.8, 10% glycerol, 2% SDS, 10%
�-mercaptoethanol, 50 mM NaF, 1 mM Na3VO4, and protease inhibitor
mixture (Sigma-Aldrich, P8340)] using a motorized pellet pestle. Cells in
culture were homogenized in 3� lysis buffer. After a 15 min incubation
in ice, lysates were boiled at 95°C for 3 min and centrifuged at 4°C for 15
min. Subsequently, supernatants were collected and subjected to SDS-
PAGE. After transfer to nitrocellulose membrane, proteins were blocked
in TBST containing 5% nonfat dry milk for 1 h at room temperature.
Primary and secondary antibody incubations were performed in TBST
containing 5% nonfat dried milk at 4°C overnight and at room temper-
ature for 1 h, respectively. Three 5 min washes were performed in TBST
after the incubations. The membranes were scanned and quantitated
with the Odyssey Infrared Imaging System (Li-Cor Biosciences). Statis-
tical analyses were evaluated by one-way ANOVA.

Electron microscopy and morphometric quantification. Freshly dissected
sciatic nerves were immersion fixed in a solution of 2.5% glutaraldehyde,
2.0% paraformaldehyde in 0.1 M sodium phosphate buffer, pH 7.4, over-
night at 4°C. The nerves were then postfixed in 1% osmium tetroxide in
the same buffer for 2 h at room temperature. Following OsO4 postfix-
ation, the nerves were dehydrated in a graded ethanol series, and then
further dehydrated in propylene oxide and embedded in Epon or Dur-
cupan epoxy resin. Ultrathin transverse sections were contrasted with
Reynolds lead citrate and 8% uranyl acetate in 50% EtOH and observed
with a Philips CM120 electron microscope and captured with a Mega-
View III side-mounted digital camera at the University of Wisconsin
Medical School Electron Microscope Facility. Three mice per genotype
were analyzed, and statistical analyses were evaluated by one-way
ANOVA in all the experiments.

Cell culture conditions and transfection assays. Primary rat Schwann
cells (RSCs) and the RT4-D6P2T rat Schwann cell line (obtained from
ATCC) were maintained in DMEM supplemented with 5% bovine
growth serum (Hyclone) and with or without 2 �M forskolin and 0.02

Table 1. Primer sequences used for qRT-PCR experiments

Sox10 Forward GCCACGAGGTAATGTCCAACA
Reverse TGGTCCAGCTCAGTCACATCA

Egr2 Forward TGCTAGCCCTTTCCGTTGA
Reverse TCTTTTCCGCTGTCCTCGAT

Mpz Forward CCCTGGCCATTGTGGTTTAC
Reverse CCATTCACTGGACCAGAAGGAG

Pmp22 Forward CACGGTCGGAGCATCAGG
Reverse TCCTTGGAGGCACAGAACACT

Sqle Forward GGCTTGAAGAGGATGTATATAGCATA
Reverse GTCCACTGTGGAAGTGACACAGTT

Hmgcr Forward GGATGGTACCGGTGCTCT
Reverse AGAAACGAACTGTAGCTC

Cx32 Forward ACCGCCTCTCACCTGAATACA
Reverse CTCGCTCAGCAGCTTGTTGAT

Pten Forward AGGCTAGCAGTTCAACTTCTGTGA
Reverse GTCAGTGGTGTCAGAATATCTATAATGATCA

Pax6 Forward CAGCAGTTGGGTATTCAGGAAAG
Reverse CCAGTTCAGGACAGTTACAAAGTGA

Isl1 Forward GCTTAAGAGACCCAGAATTTCACGTA
Reverse GCGTTGGTTTGCAATGTTTTTA

Ccnd1 Forward ACTCCCCACGATTTCATCGA
Reverse ATCCGCCTCTGGCATTTTG

Cdkn2a Forward GAATCTCCGCGAGGAAAGC
Reverse TGTCTGCAGCGGACTCCAT

Cdkn2b Forward CCCTGTGAACTGAAAATGCAGA
Reverse TGTCGAGCTGGAGGTGACTTC

Brn2 Forward CCCTGTACGGCAACGTGTTC
Reverse GGGCCTCAAACCTGCAGAT

Tbx2 Forward CACAAACTGAAGCTGACCAAC
Reverse GAAGACATAGGTGCGGAAGG

Igf2bp3 Forward CCCAGTTTGTTGGAGCCATT
Reverse CCTGTATTCTCCTTACGATG

Igf2bp1 Forward CGGCAACCTCAACGAGAGT
Reverse GTAGCCGGATTTGACCAAGAA

Igfbp2 Forward GCGGGTACCTGTGAAAAGAG
Reverse CCTCAGAGTGGTCGTCATCA

Cspg5 Forward ATGAGACCTCGTGGACAGAG
Reverse CACTAGGCTTATCATGGACAGC

Table 2. Antibodies used for immunohistochemistry and Western blots

Antibody Catalog number Company

�-Actin ab8226 Abcam
Akt 4691 Cell Signaling Technology
Phospo-Akt 9275, 13038 Cell Signaling Technology
ERK 1/2 4695 Cell Signaling Technology
Phospo-ERK 1/2 4370 Cell Signaling Technology
KROX-20 (EGR2) PRB-236P Covance
PMP22 Ab61220 Abcam
SOX10 AF2864 R&D Systems
H3K27me3 AM39155 Active Motif
H3K27me3 07-449 Millipore
GFAP Z0334 Dako
SUZ12 37375 Cell Signaling Technology
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�g/ml bovine pituitary extract (Sigma-Aldrich), respectively. Transfec-
tion assays were performed with RNAiMAX transfection reagent (Life
Technologies) according to the manufacturer’s protocol, using DsiRNA
Duplexes targeting Insulin-like growth factor-binding protein 2 (Igfbp2;
Integrated DNA Technologies, reference #128891524, #28891527) in
culture media, and protein and RNA were isolated 48 h after transfection.
RSCs were washed once in serum-free media and cultured overnight
in serum-free growth medium (DMEM/F12 1:1; Life Technologies),
1� insulin-transferrin-sodium selenite medium supplement (Sigma-
Aldrich, I1884). Then, 20 ng/ml neuregulin-1 � isoform (heregulin-�1;
R&D Systems) was added to the media 20 min before the isolation. One
microgram of RNA isolated from the transfected cells using Tri Reagent
(Ambion) was subjected to qRT-PCR.

qRT-PCR. RNA was isolated from sciatic nerves using RNeasy Lipid
Tissue Mini Kit (Qiagen) according to the manufacturer’s directions. To
prepare cDNA, 250 ng of total RNA was used from each sample. qRT-
PCR and data analysis were performed as described previously (Hung et
al., 2012). Statistical analyses were evaluated by one-way ANOVA.

Micrococcal nucleases-aided chromatin immunoprecipitation in vivo.
The snap-frozen sciatic nerves [postnatal day (P) 30] were ground and
incubated in 1 ml of a modified lysis buffer 1 (50 mM HEPES-KOH, pH
7.5; 140 mM NaCl; 4 mM MgCl2; 10% glycerol; 0.5% Igepal CA-630;
0.25% Triton X-100; protease inhibitor mixture; Schmidt et al., 2009) for
20 min at 4°C on rotator. After 15 strokes with a Dounce homogenizer,
samples were centrifuged at 18,000 � relative centrifugal force (rcf) for
10 min at 4°C. Pellets were washed with 1 ml of micrococcal nucleases
(MNase) digestion buffer (0.32 M sucrose; 50 mM Tris-HCl, pH 7.5; 4 mM

MgCl2; 1 mM CaCl2; protease inhibitor mixture) as described previously
(Umlauf et al., 2004). After pelleting insoluble material by centrifugation,
samples were resuspended in 200 �l of MNase digestion buffer and in-
cubated with 1 �l (2000 gel units) of MNase (New England Biolabs,
M0247) for 7 min at 37°C. Digestion was terminated by addition of
EDTA to a final concentration of 0.05 M. Samples were centrifuged at
18,000 � rcf for 20 min at 4°C, and supernatants containing small frag-
ments of chromatin were pooled. The majority of digested chromatin
was �150 bp (data not shown). Each aliquot of chromatin containing
�1.5 �g of DNA was incubated with 5 �g of antibodies in chromatin
immunoprecipitation (ChIP) incubation buffer (50 mM NaCl; 50 mM

Tris-HCl, pH 7.5; protease inhibitor mixture; 5 mM EDTA) that com-
pleted the volume to 1 ml for 12–16 h at 4°C on rotator. Eighty microli-
ters of Dynabeads Protein G (Invitrogen, 10004D) slurry was washed
twice with 0.5% BSA in PBS and then incubated with each ChIP sample
for 4 h at 4°C on rotator. ChIP samples were washed five times in RIPA
buffer and then eluted at 65°C with elution buffer (50 mM NaCl; 50 mM

Tris-HCl, pH 7.5; 5 mM EDTA; 1% SDS) for 15 min. DNA was purified by
phenol chloroform extraction and subjected to qPCR. Statistical analyses
were evaluated by one-way ANOVA.

ChIP-seq. In vivo ChIP assays for histone modifications were per-
formed as previously described (Jang et al., 2006) with slight modifica-
tions. Freshly dissected mouse sciatic nerves from 12 8-week-old male
mice were minced in 1% formaldehyde for 10 min and then quenched for
10 min with glycine to a final concentration of 0.125 M. Samples were
sequentially lysed in buffers as described previously (Schmidt et al.,
2009). Chromatin was fragmented using four repetitions of 10 min Bio-
ruptor (Diagenode) cycle (30 s on; 30 s off) at the medium setting. Each
aliquot of sonicated chromatin that contained 300 �g of proteins was
incubated with 5 �g of antibodies overnight at 4°C on rotator, followed
by subsequent steps stated above. Library preparation and sequencing
was performed by the University of Wisconsin Biotechnology Center on
an Illumina HiSeq 2000. Base calling was performed using the standard
Illumina Pipeline. Reads were mapped to the mouse genome mm10
using Bowtie. There were a total of 47 and 30 million reads mapped in the
input and in the H3K27me3 ChIP sample, respectively. The raw data files
are deposited in National Center for Biotechnology Information Gene
Expression Omnibus under accession number GSE64260. Hypergeo-
metric optimization of motif enrichment (HOMER; Heinz et al., 2010)
was used to determine enriched binding regions for H3K27me3-ChIP
relative to sequencing of an input chromatin sample. Peaks called with
HOMER used a minimum peak cutoff score of 25.

Microarray analysis. Total RNA isolated from 4 month sciatic nerves of
three mice of each genotype were processed for microarray analysis using
Mouse Ref-8v2 BeadChips (Illumina) by the University of Wisconsin
Biotechnology Center. Raw microarray images were processed by Illu-
mina Genome Studio. Probe intensity data were exported for back-
ground correction, variance stabilizing transformation, and quantile
normalization by R/Bioconductor package lumi (Du et al., 2008). To
identify differentially expressed genes, the Limma package (Wettenhall
and Smyth, 2004) was used to compute the fold change between condi-
tional knock-out (cKO) and control samples and its p value with linear
regression models.

Results
Conditional inactivation of Eed in Schwann cells
To address the function of the epigenomic repression mediated
by H3K27me3 in peripheral nerves, we developed a mouse model
that conditionally inactivates the Eed gene in Schwann cells. EED
is the PRC2 subunit that binds H3K27me3, and its binding is
required for allosteric activation of the methyltransferase activity
of EZH2, generating a positive feedback loop to propagate
H3K27me3 (Margueron et al., 2009). Importantly, a targeted de-
letion of EED has been shown to abolish H3K27 trimethylation in
ES cells (Montgomery et al., 2005). Deletion of EED was chosen
since loss of the EZH2 catalytic subunit can be compensated by
the redundant catalytic subunit EZH1 (Shen et al., 2008; He et al.,
2012). The mutant mice were generated with Eed exons 3– 6
flanked with loxP sites (Xie et al., 2014) and were mated to P0-cre
mice, in which cre recombinase expression is driven by the
Schwann cell-specific promoter of P0/Mpz at embryonic day
15/16 (Feltri et al., 1999). Deleted exons encode two of five re-
peating WD-40 motifs of the protein, and deletion of any of the
five motifs abolishes the catalytic activity of the PRC2 (Mont-
gomery et al., 2007). Additionally, the recombination leads to a
frameshift mutation that would eliminate functional EED.

Mice with Schwann cell-specific deletion of Eed were viable
and initially had no discernible motor phenotype. qRT-PCR
analysis demonstrated significantly reduced Eed mRNA expres-
sion in Eed cKO nerves compared with control nerves (Fig. 1A).
The expression of Suz12, another core subunit of PRC2, was un-
affected. The residual Eed mRNA is presumably due to other cells
in sciatic nerves, such as endothelial cells and fibroblasts. Immu-
nohistochemistry confirmed that nuclear staining of H3K27me3
was markedly reduced specifically in SOX10-positive Schwann
cells of Eed cKO nerves at P15, whereas H3K27me3 levels in
non-Schwann cells were unaltered (Fig. 1B). However, we no-
ticed subnuclear regions with a residual H3K27me3 signal,
shown as speckles, in Eed cKO Schwann cell nuclei. These speck-
les seemed to colocalize with the bright spots of Hoechst-stained
nuclei, which are presumably associated with heterochromatin
foci (Miller et al., 1974; Peters et al., 2003). To rule out the
possibility of nonspecific signal, another antibody targeting
H3K27me3 was used and showed similar results (data not
shown). Both antibodies used in this analysis have been shown to
be specific to H3K27me3 (Egelhofer et al., 2011). Additionally,
persistent staining in the absence of Hoechst stain (data not
shown) indicated the speckles were not due to a bleed-through
artifact from Hoechst fluorescence emission. The persistence of
residual H3K27me3 can be explained by the possibility that inac-
tivation of Eed gene occurs after the establishment of the histone
mark in embryonic Schwann cell development. In the absence of
active demethylation, existing methylated histones are distrib-
uted to daughter DNA strands, leading to dilution (but not elim-
ination) of H3K27me3 by newly synthesized histone H3 during
cell divisions without a functional PRC2 (Hansen et al., 2008;

8642 • J. Neurosci., June 3, 2015 • 35(22):8640 – 8652 Ma et al. • Polycomb Complex and Schwann Cells



Lanzuolo et al., 2011). H3K27me3 level is therefore reduced glob-
ally, but residual H3K27me3 is still detectable in chromatin dense
regions.

Progressive hypermyelination and morphology changes in
Eed-deficient peripheral nerves
Electron microscopy of Eed cKO sciatic nerves showed an appar-
ent hypermyelination of smaller-diameter axons (1–3 �m), com-
pared with control nerves at 2 and 7 months (Fig. 2A). Because
myelin thickness is proportional to axon diameter, myelin
sheaths normally appear with clear contrast between thicker my-
elin sheaths of large-diameter axons and thinner myelin sheaths
of small-diameter axons. Quantitative analysis revealed that the
g-ratio (diameter of axon/outer diameter of myelinated fiber) in
2 month Eed cKO nerves was significantly lower than control
nerves for axons �2 �m in diameter, indicating thicker myelin
sheaths in Eed cKO nerves (Fig. 2B). At 7 months, the hypermy-
elination was detected in axons �4 �m in diameter. No apparent
difference between control and Eed cKO nerves was observed at
P15. This analysis suggests that Eed cKO nerves develop a pro-
gressive hypermyelination with age. Such hypermyelination was
mainly due to additional layers of myelin rather than altered
periodicity of myelin (data not shown). The axon size distribu-
tion was not statistically different between the two groups at both
time points (data not shown).

We also noticed an increase of myelin abnormalities in 7
month Eed cKO nerves, such as infolding, outfolding, and
tomacula (Fig. 2C). Myelin outfoldings wrapped partially around
the original myelin sheath (Fig. 2Ci) or formed myelin columns
parallel to the original ones (Fig. 2Cii). Myelin infoldings ap-
peared as single, double, or triple myelin rings within a myelin-
ated axon (Fig. 2Ciii,Civ). Tomacula were formed by excess
myelin membrane around axons being fused to the original my-
elin sheath (Fig. 2Cvi). Less frequently, there was also evidence of
axonal degeneration (Fig. 2Cvii) and increased incidence of
polyaxonal myelination in Eed cKO nerves compared with con-
trol nerves (Fig. 2Cviii). Polyaxonal myelination, in which clus-

ters of small axons are enclosed by a thin myelin sheath, is
occasionally evident during the active myelination period in
wild-type mice, but generally becomes corrected in adult nerves
(Rasi et al., 2010). These myelin pathologies were somewhat in-
creased in number with age (Fig. 2D), but myelin infolding ac-
counted for 90% of pathologies in 7 month Eed cKO nerves.
Additionally, quantification of myelinated fibers showed a signif-
icantly decreased number of myelinated fibers in Eed cKO nerves
at 7 months, but not at 2 months (Fig. 3F; data not shown). These
results suggest that the function of PRC2 is important for myelin
homeostasis, and that the dysregulation leads to hypermyelina-
tion of small-diameter axons (1– 4 �m) and focal myelin pathol-
ogy in adult nerves.

Remak bundle fragmentation and loss of unmyelinated axons
in Eed-deficient peripheral nerves
Electron microscopy of transverse sections of 7 month Eed cKO
nerves revealed many isolated small-diameter axons that were
wrapped by individual processes of nmSCs (Fig. 3A). Quantifica-
tion of unmyelinated axon distribution showed that Remak bun-
dles enclosed fewer numbers of axons (�8) in 2 month Eed cKO
nerves compared with controls. This feature had progressed with
age such that isolated processes with a single axon became more
prevalent in 7 month Eed cKO nerves (Fig. 3C). Accordingly, the
number of Remak bundles enclosing large numbers of axons
(�15) was significantly lower in Eed cKO nerves.

We considered whether Eed cKO nerves had an increased
number of nmSCs wrapping the small-diameter axons, generat-
ing Remak bundles enclosing smaller numbers of axons than
control nerves. However, quantification showed that the number
of nmSC nuclei per section was not significantly different at 7
months when Remak bundle fragmentation was apparent (Fig.
3E). The second possibility would be that Eed deficiency results in
change of nmSC morphology. We observed Remak bundles that
were bridged by a narrow section of nmSC cytoplasm and nmSCs
sending a single process to a distant axon in EM cross sections of
Eed cKO nerves (Fig. 3Bi–Biii). To further analyze these abnor-

Figure 1. Schwann cell-specific deletion of Eed results in reduction of H3K27me3. A, RNA was purified from Eed cKO and control sciatic nerves at P30 and analyzed for Eed and Suz12 expression
relative to 18S rRNA using qRT-PCR. Expression level of each gene in wild-type nerve is set as 1. Error bars, �SD; ***p � 0.00001; n � 4 for control; n � 5 for Eed cKO. B, Immunohistochemistry
on longitudinal sections of P15 sciatic nerves was performed for SOX10 (orange) and H3K27me3 (green) and also costained with Hoechst (blue). Arrowheads indicate Eed cKO Schwann cells with
normal levels of SOX10 but greatly diminished levels of H3K27me3. The inset shows that residual H3K27me3 in Eed cKO Schwann cells is localized in speckles at heterochromatic foci of these nuclei.
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malities, we used 3D deconvolution imaging of transverse sec-
tions of nerves stained with glial fibrillary acidic protein (GFAP, a
marker for nmSCs). The reconstructed images showed that the
processes of Eed cKO nmSCs were separated in some planes of

the z-axis and formed a few tapered branches, whereas those of
control nmSCs remained bundled throughout the z-axis (Fig.
3D). Together, these observations suggest that Remak bundle
fragmentation seen in Eed cKO nerves was mainly due to altered

Figure 2. Eed cKO nerves develop progressive hypermyelination. A, EMs of Eed cKO sciatic nerves compared with control nerves at the indicated ages. Scale bars, 5 �m. B, For g-ratio analysis
(axon diameter/diameter of myelinated fiber), the diameter of axon and outer diameter of myelinated fiber were measured on �380 randomly selected fibers per genotype. Data: weighted
mean � pooled SD; ***p � 0.0001, **p � 0.005, *p � 0.05; n � 3 per genotype and age. C, Numerous large-diameter axons (�2 �m) of 7 month mutant nerves exhibit focal hypermyelination,
such as myelin outfolding (i, ii), myelin infolding shown as single, double, or triple myelin rings within a myelinated axon (iii, iv), myelin loops (v), tomacula (vi), Wallerian-type degeneration (vii),
and polyaxonal myelination (viii). Scale bars, 5 �m. D, Fibers with myelin abnormalities were quantified as a percentage of �3000 randomly selected fibers per genotype. Data: mean � SD; *p �
0.05; n � 3 per genotype and age.
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nmSC morphology. We frequently observed Remak bundles that
partly wrapped collagen fibrils and nmSCs exhibiting free
Schwann cell processes that did not associate with axons in Eed
cKO nerves (Fig. 3Biv,Bv). Of note, the presence of basal lam-
ina seen in Figure 3Biv (arrowhead) is likely derived from the
original border of the Remak bundle. Additionally, this abnor-
mality was correlated with a loss of unmyelinated axons.
Quantification showed a significantly lower number of unmy-
elinated axons per surface area in 7 month Eed cKO nerves
(Fig. 3F ), whereas no significant difference was observed at 2
months (data not shown).

Altered gene expression in peripheral nerves of Eed cKO mice
Hypermyelination could reflect a heightened activation of
myelin-related genes. However, qRT-PCR analysis revealed that
several myelin genes, including Egr2/Krox20, a major transcrip-
tional regulator of myelination (Topilko et al., 1994; Le et al.,
2005; Decker et al., 2006), were slightly lower in the Eed cKO
nerves compared with control nerves (Fig. 4A). Therefore, hyper-
myelination was not due to increased transcriptional activation
of myelin genes. Egr2 levels were similarly reduced at P30 (a time
point after the peak of myelination but least affected by the struc-
tural changes) and 4 months. Interestingly, despite somewhat

Figure 3. Eed cKO nerves show Remak bundle fragmentation and the morphology change of nmSCs. A, EMs show fragmentation of Remak bundles in 7 month Eed cKO sciatic nerves compared
with control nerves. Scale bars, 5 �m. B, EM of 7 month Eed cKO sciatic nerve. Arrows in i and ii point to where nmSC processes separate out to form two branches. An arrowhead in iii points to a
single long process reaching a distant axon from a cell body. An asterisk in iv points to a collagen pocket, which is collagen surrounded by a nmSC process and a basal lamina (arrowhead). An arrow
in v points to a free nmSC process. Scale bars: i, iv, 1 �m; v, 2 �m; ii, iii, 5 �m. C, The numbers of Remak bundles that are associated with �1000 randomly selected axons in control and Eed cKO
sciatic nerves were grouped into seven categories based on the number of bundled axons. D, Transverse cryosections of sciatic nerves were stained with GFAP antibody and imaged using 3D
deconvolution (color code indicates depth in the z-axis). The processes of Eed cKO nmSCs are separated while those of control nmSCs are in a bundle (arrows). An arrowhead indicates nonspecific
staining. E, nmSC nuclei were counted in randomly selected fields that accounted for �45% of an entire sciatic nerve cross section from each animal and normalized per surface area (50,000 �m 2).
F, Unmyelinated and myelinated axons were counted in randomly selected fields that accounted for �8 and 44% of an entire sciatic nerve cross section from each animal and normalized per surface
area (10,000 and 50,000 �m 2), respectively. Fields that contain �15 unmyelinated axons were omitted for this quantification. Data: mean � SD; **p � 0.005, *p � 0.05; n � 3 per genotype.
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lower mRNA levels of Egr2 and other myelin genes, we found no
significant differences in the protein levels of EGR2 and PMP22
(Fig. 5A,B). Therefore, the modest transcriptional downregula-
tion of myelin genes did not markedly affect protein levels.

To identify the spectrum of altered gene expressions in Eed
cKO nerves, we measured gene expression in sciatic nerves by
microarray. The resulting patterns did not reveal large-scale ex-
pression changes, but rather induction of specific gene subsets.
Interestingly, we found that 30% of genes upregulated by Eed
ablation (�1.5-fold, total 108 genes) overlapped with genes that
become activated after nerve injury (Arthur-Farraj et al., 2012).
This included such genes as Thy1, Gjb2, Mdk, Cspg5, Chst8,
Igfbp2, and Sonic hedgehog (Shh; Fig. 4B,C). The activation of
several of these genes following nerve injury was recently shown
to be c-Jun dependent (Arthur-Farraj et al., 2012). However,
c-Jun mRNA was not altered, and there was not general induction
of c-Jun-dependent injury-response genes, such as Gdnf, Bdnf,
and Ngfr/p75 (also tested by qRT-PCR; data not shown), suggest-
ing that such induction was not mediated by c-Jun activation in
the Eed cKO nerves. Shh is among the most highly activated genes
on the first day after injury and regulates nerve regeneration by
promoting neuronal survival (Hashimoto et al., 2008; Kim et al.,
2012). Increased Shh was correlated with induction of previously
described hedgehog target genes, such as Bmi1, Cyclin D1
(Ccnd1), Zic3, Nkx2–1, Nkx2–2, and Hhip (Chuang and McMa-

hon, 1999; Kenney and Rowitch, 2000; Pabst et al., 2000; Leung et
al., 2004; Vokes et al., 2007).

Functional annotation of disregulated genes revealed genes
involved in early specification of neuronal differentiation in-
cluded Isl1, Shh, Foxs1, and Foxg1 (Montelius et al., 2007; Huang
et al., 2009a,b). Further analysis by qRT-PCR confirmed a signif-
icant induction of these genes and also Pax6 in Eed cKO nerves
(Fig. 4C). The Cdk inhibitors (Cdkn2a/2b) and neuronal tran-
scription factors (Isl1, Foxg1, Pax6) have been shown to be targets
of polycomb repression in other tissues (Chen et al., 2009; Ezh-
kova et al., 2011; He et al., 2012). We also identified the derepres-
sion of genes that are normally expressed in neural crest or
promyelinating Schwann cells, including Igf2bp1, Brn2/Pou3f2,
and Tbx2 (Jaegle et al., 2003; Buchstaller et al., 2004). However,
most immature Schwann cell genes, such as Sox2, Id2, Egr1, and
Ngfr/p75, and the promyelinating Schwann cell gene Scip/Pou3f1
were not significantly changed by qRT-PCR analysis (Fig. 4C;
data not shown). Interestingly, Igf2bp3 was also upregulated in
Eed cKO nerves and both Igf2bp1 and Igf2bp3 are strongly asso-
ciated with various types of cancers (Bell et al., 2013), including
Schwann cell-derived malignant peripheral nerve sheath tumors
(MPNSTs) associated with neurofibromatosis 1 (Miller et al.,
2009). Two recent studies have reported inactivating mutations
of PRC2 components (EED or SUZ12) in significant number of
MPNST patient samples (De Raedt et al., 2014; Lee et al., 2014).

A B

C

Figure 4. Gene expression analysis of Eed cKO nerves reveals tissue-inappropriate and stage-inappropriate gene expression. A, C, qRT-PCR analysis was used to identify the expression level of
myelin-related genes and Pten (A) and tissue-inappropriate and stage-inappropriate genes (C) at the indicated ages. Control level is 1 at each age (data not shown). Values normalized with 18S rRNA.
Data: mean � SD; *p � 0.05, **p � 0.005, ***p � 0.0005; n � 4 for control, and n � 5 for Eed cKO at P30, and n � 5 per genotype at 4 months. B, Microarray analysis identified the induction
of injury-response genes, Shh downstream genes, neuronal transcription factors, and MPNST-associated genes among derepressed genes in 4 month Eed cKO nerves. Injury-response genes were
identified by genes upregulated 7 d after nerve cut in published microarray data (Arthur-Farraj et al., 2012). Data: average fold-change of three mice per genotype with adjusted p value � 0.05.
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Genes that are commonly upregulated in PRC2-deficient
MPNSTs and Eed cKO nerves include Zic1, Nkd2, Sh3gl2,
Dmrta2, Astn1, and Grik1 (Fig. 4B; data not shown).

Increased activation of PI3K/Akt signaling in Eed-deficient
peripheral nerves
Myelin thickness is regulated by PI3K/Akt signaling activated by
axonal membrane-bound neuregulin 1 (NRG1) isoform III (Mi-
chailov et al., 2004; Taveggia et al., 2005; Goebbels et al., 2012).
The Eed cKO mice bear several morphological features in com-
mon with mice in which there is a Schwann cell-specific deletion
of Pten, a gene encoding a negative regulator of Akt signaling
(Goebbels et al., 2012). Therefore, we investigated the possibility
that Eed ablation can increase this signaling cascade. To this end,
we quantified the activation of Akt by measuring phosphoryla-
tion at threonine 308, which is directly regulated by PDK1, a down-
stream kinase of PI3K (Alessi et al., 1997). Although the total Akt
level was similar in the two groups, the level of phosphorylated Akt
was significantly increased in Eed cKO nerves (Fig. 5A,B). Impor-
tantly, increased phosphorylated Akt (p-Akt) was observed at the
beginning of the phenotype progression (2 months). Our expression
profiling did not show any changes in mRNA or protein levels of
Pten, however (Fig. 4A; data not shown).

Activation of ERK1/2 is required for an early stage of myeli-
nation (Newbern et al., 2011), but recent studies have also shown
that activation of the MEK/ERK cascade can increase myelin
thickness (Ishii et al., 2013; Sheean et al., 2014). To test whether
the ERK pathway was affected by Eed ablation, we examined
sciatic nerves at a midpoint of phenotype progression (4
months), and did not find a statistically significant change in
ERK1/2 phosphorylation.

Genome-wide identification of H3K27me3-bound genes
In contrast to active histone modifications (e.g., H3K4me3 or
H3K27 acetylation) that are restricted to focal regions of gene
regulatory elements, such as promoters and enhancers,
H3K27me3-associated regions are often larger than 10 kb, span-
ning entire gene bodies and their promoters, as well as focal mod-
ifications around transcription start sites (Barski et al., 2007;
Mikkelsen et al., 2007; Zhao et al., 2007). Using ChIP-seq analysis
of adult wild-type nerves, we determined whether activated genes
in the Eed cKO nerves were associated with H3K27 methylation
in wild-type nerve. We identified 2238 genes with internal
H3K27me3 peaks and/or a 3 kb window upstream of the tran-
scription start site. We further identified 32 genes that were both
derepressed in Eed-deficient nerves and bound by H3K27me3 in
wild-type nerves (Fig. 6C). Such genes include Pax6, Isl1, Shh,
Brn2/Pou3f2, Foxg1, and Zic1, which are broadly associated with
H3K27me3 (Fig. 6A). In addition, H3K27me3 occupied promot-
ers (but not gene bodies) of some genes, including Igfbp2, Igf2bp1,
Igf2bp3, and Gata6. Several of these genes were functionally
related to neuronal differentiation, mainly as transcriptional
regulators (Isl1, Foxg1, Foxs1, and Pax6). ChIP-qPCR analysis
revealed significant reduction of H3K27me3 at genes that were
derepressed in Eed cKO nerves (Fig. 6B). The residual
H3K27me3-ChIP signal is likely due to residual H3K27me3 in
Schwann cells as shown by the immunohistochemistry analysis
(Fig. 1B).

To determine whether some of these genes are repressed by
H3K27me3 in early Schwann cell development, we compared
our data with data from a recent analysis of H3K27me3 distri-
bution in human neural crest cells (Rada-Iglesias et al., 2012).
H3K27me3 is established at 15 of the 32 genes in neural crest cells,
including many of the neuronal differentiation genes, suggesting
that the derepression of neuronal genes in the Eed cKO nerves
reflects a reversal of H3K27me3-mediated repression established
early in the Schwann cell lineage. In contrast, Emb, Foxs1, and
Igf2bp1 are expressed in neural crest and become repressed dur-
ing Schwann cell development (Buchstaller et al., 2004; Heglind
et al., 2005). Accordingly, ChIP-seq data of neural crest cells show
the absence of H3K27me3 at these genes and our data indicate
repression of such genes is at least partially dependent on the
action of EED in the PRC2 complex.

IGFBP2 enhances Akt activation in Schwann cells
Since there is activation of Akt phosphorylation after nerve injury
(Yamazaki et al., 2009; Sun et al., 2013), we reasoned that one of
the nerve-injury genes that are also induced in the Eed cKO may
be responsible for increased Akt phosphorylation. Igfbp2 is in-
duced in response to peripheral nerve injury (Arthur-Farraj et al.,
2012), and IGFBP2 increases Akt signaling in other tissues (De-
Mambro et al., 2012; Shen et al., 2012; Sharples et al., 2013; Xi et
al., 2014). Therefore, we tested the involvement of IGFBP2 in Akt
activation of Schwann cells. Treatment with Igfbp2 siRNA re-
sulted in a substantial reduction of the basal level of phosphory-
lated Akt in RT4 Schwann cells (Fig. 7A,B). Because the basal

A

B

Figure 5. Increased activation of Akt in Eed cKO nerves. Western blot analysis of lysates from
control and Eed cKO sciatic nerves using indicated antibodies. A, Blots of 2 month nerves for
p-AKT/AKT and blots of 4 month nerves for p-ERK/ERK, EGR2/actin, and PMP22/actin. Lanes of
control and Eed cKO samples were taken from the same image of the same membrane. B,
Quantification of Western blot. p-Akt/Akt; n � 7 per genotype (1 month, n � 3 per genotype;
2 month, n � 4 per genotype). p-ERK/ERK, EGR2/actin, and PMP22/actin; 4 month, n � 4 per
genotype. Data: mean � SD; ***p � 0.00001, *p � 0.05.
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p-Akt level is very low in primary RSCs, we stimulated RSCs with
NRG1 and found that NRG1-induced Akt phosphorylation was
reduced, albeit modestly, by Igfbp2 siRNA. Therefore, IGFBP2
promotes Akt phosphorylation in Schwann cells as shown previ-
ously in other cell types.

Discussion
Previous studies have demonstrated that PRC2-mediated regula-
tion of transcriptional programs is critical for cellular differenti-
ation and function in many cell types. Surprisingly, our data
indicate that EED activity is not essential for Schwann cell differ-
entiation and myelination in the early postnatal period; however,
loss of Eed results in hypermyelination of smaller-diameter axons

and focal myelin infolding. The hypermyelination phenotype has
been observed in mutant mice with hyperactive PI3K/Akt or MAPK
signaling (Goebbels et al., 2012; Ishii et al., 2013; Sheean et al., 2014),
and Eed cKO mice display a similar, albeit milder, hypermyelination
consistent with an elevated level of phosphorylated Akt. Our data
reveal that an epigenomic pathway mediated by H3K27me3 consti-
tutes a novel determinant of mature myelin thickness.

We have surveyed a number of genes encoding molecular
components of Akt signaling, including several genes that have
hypermyelination phenotypes when disrupted, such as Ddit4,
Vimentin, and Sgk1, as well as Pten (Triolo et al., 2012; Noseda et
al., 2013; Heller et al., 2014), but their mRNAs are largely unaf-

A

B

C

Figure 6. Identification of H3K27me3-bound genes. A, ChIP-seq analysis was performed to identify H3K27me3-bound genes in sciatic nerves of 8-week-old wild-type mice. Transcription start
site is located on the left end of gene. Each gene shown has �1 peaks of H3K27me3 as determined by HOMER analysis of ChIP-seq data relative to input chromatin. B, ChIP-qPCR analysis was
performed to show reduction of H3K27me3 in 1 month Eed cKO sciatic nerves compared with control. Data: mean � SD; **p � 0.005; n � 3 per genotype. An actively transcribed gene, squalene
epoxidase (Sqle), in Schwann cells has a low H3K27me3 occupancy. C, List of genes that are derepressed in Eed cKO nerves (�1.5-fold) and occupied by H3K27me3 in wild-type sciatic
nerves (8 wk.-SN). Black, gray fillings, and asterisks indicate H3K27me3 occupancy, neuronal differentiation genes, and injury-response genes, respectively. H3K27me3-bound genes in
human neural crest cells (NCC; Rada-Iglesias et al., 2012) were annotated based on the enrichment of peaks (peak score, �20) within the genes or a 3 kb window upstream of the
transcription start site .
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fected in Eed cKO nerves. In addition, recent studies demon-
strated that dysregulation of the �6�4 integrin signaling that
drives phosphorylation of NDRG1 results in hypermyelination
and myelin folding (Nodari et al., 2008; Heller et al., 2014). How-
ever, we found no significant changes in either NDRG1 phos-
phorylation (data not shown) or phosphorylation of focal
adhesion kinase, a ubiquitously expressed cytoskeletal scaffold-
ing protein involved in cytoskeletal regulation and myelination
(Grove and Brophy, 2014). Instead, we identified Igfbp2, a gene
that is normally activated after nerve injury (Arthur-Farraj et al.,
2012), among derepressed genes and showed its ability to en-
hance Akt signaling in Schwann cells. Igfbp2 is expressed in neural
crest cells, but becomes repressed in embryonic Schwann cell
development (Buchstaller et al., 2004), and our data indicate that
this repression is dependent on H3K27 methylation mediated by
PRC2.

Aside from Igfbp2, derepressed genes of Eed cKO nerves in-
clude several genes that are activated upon nerve injury (Arthur-
Farraj et al., 2012). Importantly, the induction of these genes is
not accompanied by induction of c-Jun and the broader c-JUN-
dependent gene network. The presence of H3K27me3 at many of
these genes in mature nerve, as well as reduction of methylation at
Shh and Igfbp2 (Fig. 6B) in Eed cKO nerves, indicates that their
derepression is primarily mediated by PRC2 inactivation. Fur-
thermore, their derepression implies that H3K27 demethylation
may be involved in the activation in response to injury. A recent
study showed that the expression of the histone H3K27 demeth-
ylase JMJD3 increases after peripheral nerve injury and its up-
regulation is correlated to the activation of Cdkn2a locus
(Gomez-Sanchez et al., 2013). Overall, our data would suggest
H3K27 methylation prevents inappropriate expression of injury
genes and that H3K27 demethylases are likely involved in the
activation of a subset of injury-response genes. Interestingly, we
have recently found induction of H3K27 acetylation at several

enhancers surrounding injury-response genes after peripheral
nerve injury (Hung et al., 2015).

Our studies also revealed that Eed deficiency affects nmSCs in
Remak bundles. Remak bundle fragmentation has been identi-
fied as a characteristic feature of mouse models of neurofibroma-
tosis type I (Zhu et al., 2002; Ling et al., 2005; Wu et al., 2008;
Zheng et al., 2008; Mayes et al., 2011), and also was observed in
the desert hedgehog knock-out (Sharghi-Namini et al., 2006). The
outcomes of our structural analyses suggest that abnormal sepa-
ration of nmSC processes is a main underlying feature of the
phenotype. Changes in nmSC morphology would presumably
impair axon protection as indicated by retracted nmSC processes
that are free from axons and a decreased number of unmyelinated
axons. Interestingly, a previous study using shRNA-mediated sup-
pression of Ezh2 in Schwann cells in culture showed shortening of
cellular processes (Heinen et al., 2012), and we speculate that the
Remak bundle disruption may be due to a similar phenomenon.
Our data indicate a crucial function of the PRC2-mediated mainte-
nance of peripheral nerves, given that removal of the EED subunit
results in progressive hypermyelination and abnormalities affecting
both myelinated fibers and Remak bundles.

Schwarz et al. recently reported that conditional inactivation
of Ezh2, the catalytic subunit of PRC2, in premigratory neural
crest cells in vivo revealed no apparent defects in the formation of
peripheral nerves (Schwarz et al., 2014). These outcomes, to-
gether with our analysis of Eed cKO nerves, suggest that PRC2 is
not required for early events in Schwann cell development. Since
only a small fraction of genes enriched with H3K27me3 are de-
repressed, H3K27me3 formation may be redundant with other
repressive mechanisms. For example, this might be due to co-
occupancy of H3K9me3 identified by our ChIP-chip analysis at
genes such as Sox2 and Scip/Oct6 (data not shown). Alternatively,
persistent repression may be due to the action of histone deacety-
lases (Chen et al., 2011; Jacob et al., 2011) within repressive chro-
matin remodeling complexes, such as the NuRD complex (Hung
et al., 2012), and/or histone modification-independent repres-
sion of genes. The role of DNA methylation in Schwann cell
development has recently been described in repression of myelin
gene expression before myelination since DNA demethylation is
associated with their activation (Varela-Rey et al., 2014), but its
repressive role has so far not been implicated in genes being
downregulated during myelination.

Derepression of transcriptional regulators of neuronal differ-
entiation indicates that PRC2 activity in Schwann cells represses
several neuronal transcription factors. H3K27me3-mediated re-
pression of neuronal program is also found to be deregulated in
tissue-specific PRC2 mutants of skin and heart development and
in Eed mutant ES cells (Boyer et al., 2006; Ezhkova et al., 2011; He
et al., 2012), reflecting a distinct role of PRC2 in non-neural
tissues that takes place at an early stage of the development. These
neuronal genes appear to be repressed early in Schwann cell de-
velopment, since the ChIP-seq data of neural crest cells reveal the
H3K27me3 marks at several genes that we identified in mature
nerves, including Pax6, Shh, Foxg1, and Isl1 (Rada-Iglesias et al.,
2012; Fig. 6C). Furthermore, our data also indicate that the re-
pression is reversible upon PRC2 inactivation at immature
Schwann cell stage. However, although significantly induced
compared with control nerves (Fig. 4C), the transcript levels of
neuronal transcription factors in Eed cKO nerves are probably
not fully expressed due to lack of tissue-specific transcriptional
cues that are required for full activation. Such low levels of dere-
pression may not be sufficient to alter Schwann cell fate or the
myelination program.

A
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Figure 7. siRNA-mediated Igfbp2 reduction in Schwann cells reduces Akt phosphorylation.
A, Lysates from control and Igfbp2 siRNA-treated RT4 and RSCs were subjected to Western blot.
Overnight serum-starved RSCs were stimulated with neuregulin for 20 min before protein iso-
lation. B, Quantification of Western blot. p-Akt/Akt; RT4 and RSCs, n � 6 and n � 3 per each
condition, respectively. C, qRT-PCR analysis was used to identify the siRNA-mediated knock-
down level in RT4. Values normalized with 18S rRNA. n � 3 per each condition. Expression of an
adjacent gene, Igfbp5, was not affected by the siRNA treatment. Data: mean � SD; *p � 0.05,
**p � 0.005, ***p � 0.00005.
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Ezh2-suppressed Schwann cells in culture showed a marked
decrease in myelin gene expression accompanied with a signifi-
cant increase of negative regulators p57 and Hes5 (Heinen et al.,
2012). We also observed a moderate decrease of several myelin
genes (Fig. 4A), but the transcript levels of p57 and Hes5 were
unaffected in our qRT-PCR analysis (data not shown). The ap-
parent discrepancy may be due to potential compensation by
EZH1, which can substitute as a histone methylase for EZH2. In
addition, there is a difference in transcriptional regulation of
these genes between proliferating Schwann cells in culture and
our studies of myelinated nerves where proliferation has ceased.

In several tissues, PRC2 mutation causes reduced cell prolif-
eration associated with the developmental abnormalities of the
tissues (Ezhkova et al., 2009; Juan et al., 2011; He et al., 2012).
Ezh2-suppressed Schwann cells in culture also showed a de-
creased number of proliferative cells (Heinen et al., 2012). How-
ever, Eed cKO nerves display similar numbers of nmSC nuclei
(Fig. 3E) compared with control nerves, suggesting that prolifer-
ation is normal. Additionally, no proliferative defects were ob-
served also in peripheral nerves differentiated from neural crest
cells with a deletion of Ezh2 (Schwarz et al., 2014), suggesting that
PRC2 inactivation does not critically impair Schwann cell growth
in peripheral nerve development. However, two recent studies
have shown that a significant number of Schwann cell-derived
MPNSTs associated with neurofibromatosis 1 have mutations in
EED and another PRC2 component, SUZ12, leading to loss of
H3K27me3 (De Raedt et al., 2014; Lee et al., 2014). The co-
occurrence of PRC2 alterations with NF1 and CDKN2A muta-
tions indicate that loss of H3K27me3 plays an important role in
promoting Ras-dependent growth of MPNSTs. We compared
genes deregulated in PRC2-deficient MPNSTs with our dataset to
identify genes whose expression may be PRC2 dependent in
both development and MPNST formation. Similar to what
was observed, we also observed deregulation of homeobox
transcriptional regulators as well as components of IGF signal-
ing pathways.
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Lack of the central nervous system- and neural crest-expressed forkhead
gene Foxs1 affects motor function and body weight. Mol Cell Biol 25:
5616 –5625. CrossRef Medline

Heinen A, Tzekova N, Graffmann N, Torres KJ, Uhrberg M, Hartung HP,
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