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The p57kip2 gene encodes a member of the cyclin-dependent
kinase inhibitor family, proteins known to block G1/S transition
during the mammalian cell cycle. We observed that expression of
p57kip2 in Schwann cells of the developing and injured adult
peripheral nervous system is dynamically regulated. Using gene
knockdown by means of vector-based RNA interference in cultured
primary Schwann cells we found that reduced levels of p57kip2
lead to cell cycle exit, actin filament stabilization, altered cell
morphology and growth, and down-regulation of promyelinating
markers as well as induction of myelin genes and proteins. In
addition, we could demonstrate that in vitro myelination is en-
hanced by p57kip2-suppressed Schwann cells. Using microarray
technology we found that these cellular reactions are specific to
lowered p57kip2 expression levels and detected a shift of the
transcriptional expression program toward the pattern known
from Schwann cells in developing peripheral nerves. Because in the
absence of axons primary Schwann cells normally do not display
differentiation-associated reactions, we conclude that we have
identified a mechanism and an important intrinsic negative regu-
lator of myelinating glia differentiation.

glia � immune neuropathies � myelin � peripheral nerve

Axons are tightly associated with myelinating glial cells in the
vertebrate nervous system, Schwann cells in the peripheral

nervous system, and oligodendrocytes in the CNS. These cells
wrap around axons in a radial growth and migration process and
establish multiple lipid- and protein-rich layers to support and
electrically insulate them, thus enabling saltatory propagation of
electrical signals. As a result of axonal segregation, myelinating
Schwann cells are associated with large-caliber axons in a 1:1
relationship and represent highly specialized and differentiated
cells. Schwann cells derive from neural crest, and their differ-
entiation during peripheral nerve development was shown to
depend on a variety of genes, such as integrins, the transcription
factors Sox10, Oct-6, and Krox20, or neuregulin-, p75-LNGFR,
and Lgi4 signaling cascades (1–7).

Cell cycle exit is a prerequisite for myelinating glial cell
differentiation followed by morphological changes as well as the
expression and deposition of myelin proteins within the layers of
lipid sheaths. The establishment of such a complex morphology
depends on regulated cytoskeletal dynamics, e.g., actin filament
turnover. This was demonstrated by means of application of
cytochalasin D, a mycotoxin that interferes with actin filament
assembly. Differentiation and myelination of Schwann cells
cocultured with dorsal root ganglion (DRG) neurons were found
to be blocked when this drug was added to the culture medium,
indicating that actin filament dynamics is imperative for Schwann
cell growth and morphological adaptation during the myelina-
tion process (8). Nevertheless, the question as to whether
naturally occurring regulators of cytoskeletal dynamics, acting
during nerve development and/or after injury, exist is so far
unsolved.

In contrast to oligodendrocytes, fully differentiated Schwann
cells of the adult peripheral nerve can adopt to injury, dedif-
ferentiate, redifferentiate, and promote nerve repair (9). Pe-
ripheral myelinating glial cells are thus supposed to posses a
plastic differentiation potential. On the other hand, cultured
Schwann cells do not differentiate in the absence of axons,
whereas cultured oligodendrocyte precursor cells readily change
morphology and express myelin proteins upon withdrawal of
growth factors or after induction by thyroid hormones. Apart
from differential needs for axonal signals to execute differenti-
ation programs it is also conceivable that this depends on the
presence or appropriate regulation of intrinsic differentiation
inhibitors, such as the recently described effect of LINGO-1
toward differentiating oligodendroglial cells (10).

In an attempt to identify Schwann cell-specific factors that
might account for their adaptive behavior, we have performed
screening experiments revealing a group of genes the differential
expression of which correlated with redifferentiation activities
within the regenerating sciatic nerve (11). Among these genes
were the mammalian homolog of achaete scute 2 (Mash2), a
basic helix–loop–helix transcription factor expressed in myeli-
nating Schwann cells, the Krox24 transcription factor, the
CXCR4 chemokine receptor, and the CXCL10 chemokine, as
well as the cyclin-dependent kinase inhibitor (CKI) p57kip2.
This gene belongs to the cip/kip family of cell cycle regulators
and is known to interfere with the G1/S transition. Mice lacking
p57kip2 suffer from a number of tissue defects and die around
birth (12). It appeared that these are p57kip2-specific effects
because they cannot be compensated by other CKIs. Such an
early lethality, however, precludes functional investigations be-
yond embryonic development including the establishment of
peripheral nerves.

To determine the function of this gene regarding Schwann cell
differentiation, we have used RNA-interference-based gene
suppression, which offers the advantage to address functional
roles under physiological conditions as compared with gene
overexpression. This experimental approach revealed that
p57kip2 is an intrinsic negative regulator of Schwann cell dif-
ferentiation affecting a number of important processes such as
cell cycle control, morphology, and myelin expression. Our data
provide evidence that these cellular effects are not associated
with p57kip2’s described function as cell cycle inhibitor and
indicate that we have identified a molecular mechanism that is
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important for myelinating glial cell differentiation and the
establishment of myelin sheaths.

Results
p57kip2 Is Down-Regulated During Peripheral Nerve Development.
We have previously observed that p57kip2 transcripts can be
detected in healthy adult and injured rat sciatic nerves, the
expression of which was shown to be transiently down-regulated
during the repair process (11). To investigate p57kip2’s function
regarding Schwann cell differentiation, we determined the ex-
pression profile during postnatal nerve development. Our mea-
surements demonstrated high transcript levels around birth and
steadily decreased expression during postnatal sciatic nerve
development (Fig. 1D; significant down-regulation from post-
natal day 10 onwards). This indicated that glial p57kip2 expres-
sion is most likely not involved in cell cycle control given that
proliferation can still be observed in the first postnatal days (13).
Immunohistochemistry using anti-p57kip2 antibodies on young
adult rat sciatic nerve sections revealed the p57kip2 protein in
Schwann cells as well as in axons (Fig. 1 A and B), which is in
accordance with earlier results (11, 14). No specific staining was
observed when primary antibodies were omitted (data not
shown). Double labeling with anti-S100 antibodies and nuclear
DAPI staining demonstrated that this protein is present in
Schwann cell nuclei and cytoplasm (Fig. 1C). Whether the axonal
expression is also regulated and exerts a particular function will
be explored elsewhere. However, this observation precluded
p57kip2 protein quantification in developing Schwann cells.

RNA Interference-Mediated Down-Regulation of p57kip2 Leads to Cell
Cycle Exit. The observed down-regulation of p57kip2 expression
during postnatal nerve development prompted us to use a gene
suppression approach to investigate its role in cultured primary
rat Schwann cells. To this end, pSUPER (15)-based suppression
vectors for rat p57kip2 (H1-kip2) and p27kip1 (H1-kip1) were
generated for short hairpin RNA-mediated gene knockdown. To
prove the functionality of these constructs, transfected Schwann

cells were isolated after 24 h in culture by using magnetic sorting
as described previously (11), and expression levels were deter-
mined by means of quantitative RT-PCR analysis. This demon-
strated that transcript levels of p57kip2 (Fig. 1E) and p27kip1
(data not shown) were strongly decreased. Anti-p57kip2 immu-
nofluorescent staining of p57kip2-suppressed Schwann cells that
have been labeled by means of a cotransfected citrine expression
vector confirmed that this led to lowered p57kip2 protein
expression (Fig. 1F).

To assess whether the down-regulation of p57kip2 affects the
Schwann cell cycle, we performed BrdU labeling of transfected
proliferating cells. To this end Schwann cells were transfected
with either empty (H1) or p57kip2-suppression (H1-kip2) vec-
tors and incubated in BrdU-containing medium. This revealed
that the suppression of p57kip2 did not enhance but led to a
�4-fold decreased proliferation rate (data not shown). Because
we were mainly interested in exploring long-term cellular effects,
we modified the suppression strategy and cotransfected an
expression vector delivering hygromycin B resistance and citrine
expression. Antibiotic-dependent selection allowed observing
the functional consequences of p57kip2 gene suppression up to
14 days in culture. Quantitative RT-PCR confirmed that gene
suppression was maintained in suppressed cells but also revealed
that in control-transfected cells p57kip2 transcript levels steadily
increased over time (Fig. 2D). The fact that these cells keep on
proliferating is yet another indication that the role of p57kip2 in
Schwann cells is not cell cycle-associated.

Long-Term Suppression of p57kip2 Leads to Striking Morphological
Changes and Myelin Induction. Regulated cell cycle exit is imper-
ative for Schwann cell differentiation from precursors to myeli-
nating cells. We then investigated whether the p57kip2 suppres-
sion also affects further differentiation-associated processes,
such as cell morphology or marker gene expression. We ob-
served that �3 days after transfection p57kip2-suppressed but
not control-transfected Schwann cells started to change their
morphology. These differences were most prominent around day
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Fig. 1. Expression of p57kip2 in Schwann cells of the peripheral nerve. (A and
B) Anti-p57kip2 immunostainings of young adult rat sciatic nerve cross sec-
tions. Shown is p57kip2 expression in axons and Schwann cells (arrows), in
axons only (arrowheads), and in Schwann cells only (open arrows). (C) Anti-
p57kip2 and anti-S100 double immunostaining demonstrated that p57kip2 is
present in Schwann cell nuclei and cytoplasm. (D and E) Quantitative RT-PCR
analysis revealed down-regulation of p57kip2 expression during postnatal
nerve development (D) and confirmed p57kip2 down-regulation in sup-
pressed and sorted Schwann cells (E). One representative measurement of
four different experiments is shown; GAPDH expression was used as reference,
and data are mean values � SEM. t test analysis demonstrated significant
regulation (***, P � 0.001). (F) Anti-p57kip2 immunostaining of citrine-
labeled and p57kip2-suppressed Schwann cells confirmed lowered p57kip2
protein expression. [Scale bars: 100 �m (A) and 20 �m (B, C, and F).]
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Fig. 2. Suppression of p57kip2 affects Schwann cell morphology. (A and B)
Morphology and size are changed in p57kip2-suppressed Schwann cells 9 days
after transfection. (C) Quantification of average protrusion lengths. (D) Quan-
titative RT-PCR analysis revealed a strong and significant down-regulation of
p57kip2 expression in knockdown Schwann cells and a continuous up-
regulation in control-transfected cells at days 3, 6, and 9. One representative
measurement of three experiments is shown; GAPDH expression was used as
reference, and data are mean values � SEM. Black bars, control-transfected
(H1) cells; gray bars, p57kip2-suppressed (H1-kip2) cells. (E) Phalloidin-TRITC
labeling of p57kip2-suppressed Schwann cells revealed the accumulation of
long actin filaments. (Scale bars: 100 �m.) (F) Overexpression of p57kip2 in
growing (p57kip2-suppressed) Schwann cells led to significantly reduced av-
erage protrusion length (control, empty expression vector; p57kip2, p57kip2
expression vector). ***, P � 0.001 (t test).
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9 (Fig. 2 A and B) and included increased somata and cellular
extensions. Interestingly, the morphologies of p57kip2-
suppressed cells closely resembled those of premyelinating
Schwann cells in cocultures (see arrows in Fig. 4 for comparison).
The distribution of cellular extension lengths was shifted toward
longer protrusions, and the average extension length after 9 days
was significantly increased by a factor of three (Fig. 2C). On the
other hand, p57kip2 overexpression did not affect cell morphol-
ogy or gene expression (data not shown). However, when
growing p57kip2-suppressed Schwann cells were retransfected
with a p57kip2-expressing vector, the average extension length
was significantly reduced (shown in Fig. 2F for suppressed
Schwann cells at day 8, which were retransfected at day 5).
Nevertheless, it is currently not known whether p57kip2-
dependent differentiation is fully reversible. This, together with
the fact that morphological transitions can be induced by using
two different p57kip2 suppression constructs, encoding different
RNA interfering sequences that are unique to the rat p57kip2
transcript sequence, provided strong evidence that alterations in
cellular p57kip2 are solely responsible for this effect. These
morphological alterations have to be seen in the context of
protrusion extension during the normal myelination process,
which features Schwann cell growth along and around axons.
They depend on cytoskeletal rearrangements, which have al-
ready been shown to be imperative for Schwann cell maturation
and myelination (8). Because cytoskeletal dynamics depends on
the actin filament turnover and stabilization, we visualized actin
filaments by means of phalloidin-TRITC staining. This revealed
long actin filaments within the protrusions of p57kip2-
suppressed Schwann cells (Fig. 2 E and E�), indicating that actin
filament turnover was shifted toward polymerization.

As Schwann cells wrap around axons, they express myelin
genes and present myelin proteins within the layers of wraps.
Determination of myelin transcript levels revealed that genes
coding for P0, MBP, PMP22, and MAL were significantly
induced in p57kip2-suppressed cells. This could already be
observed after 3 days (data not shown) and was most prominent
in cells 9 days after transfection (Fig. 3A). In contrast to this,
suppression of p27kip1 led to decreased myelin expression levels
(Fig. 3A), indicating that myelin gene induction is restricted to
the down-regulation of p57kip2. P0 and MBP Western blot
analysis (Fig. 3B) as well as immunofluorescent staining for P0
on nonpermeabilized Schwann cells (Fig. 3 C–D�) demonstrated
that control-transfected cells were devoid of myelin proteins and
that upon p57kip2 suppression myelin proteins were induced and
presented at the Schwann cell surface.

Suppression of p57kip2 Leads to Accelerated in Vitro Myelination of
DRG Axons. Because p57kip2 suppression was shown to promote
Schwann cell maturation, we then investigated whether the
myelination process was also affected. To test this, we suppressed
p57kip2 in Schwann cell cultures, harvested transfected cells
after 3 days, and seeded them onto dissociated DRG cocultures
before endogenous in vitro myelination could be observed.
Transplanted cells were labeled by means of citrine expression
vector cotransfection. Seven days after control-transfected and
p57kip2-suppressed cells were added, cocultures were fixed and
processed for anti-MBP immunofluorescent staining. This re-
vealed that within this period p57kip2-suppressed Schwann cells
formed significantly more MBP-positive internodes compared
with control-transfected cells (Fig. 4), indicating that p57kip2 is
also an intrinsic inhibitor of peripheral myelination.

GeneChip Analysis Revealed a Complete Shift of the Schwann Cell
Transcriptome Without Induction of the IFN Response. To assess to
what degree the p57kip2-dependent Schwann cell maturation
process is reflected by changes in the transcriptome and to rule
out the possibility that our gene suppression strategy induces a

nonspecific defense reaction, the so-called IFN response (16–
18), we conducted a GeneChip analysis. Total RNA from
nondifferentiating (control-transfected) and differentiating
(p57kip2-suppressed) Schwann cells was prepared at 9 days after
transfection. cRNA probes were generated and used to hybridize
Affymetrix Rat Genome 230 2.0 arrays. This analysis revealed
that, of 55 genes known to be affected by this defense reaction,
36 genes were detected but not regulated, five genes were found
to be slightly up-regulated, and six genes were down-regulated
[supporting information (SI) Table S1]. Of note, the IFN-
inducible double-stranded RNA-dependent protein kinase
(Prkr), one of the major IFN response regulator genes (17), was
also repressed. This supported our conclusion that the observed
cellular reactions of Schwann cells were a specific consequence
of the p57kip2 knockdown.

On the other hand, significant regulation of many Schwann
cell-related genes was observed. This analysis is likely to shed
light on the underlying molecular mechanisms. We have vali-
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Fig. 3. Suppressed levels of p57kip2 expression lead to myelin induction. (A)
Quantitative RT-PCR analysis revealed induced myelin gene expression in
p57kip2 knockdown Schwann cells and down-regulated levels upon p27kip1
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dated the regulation of several genes of interest by means of
quantitative RT-PCR (Fig. 5). Down-regulation of the promy-
elinating transcription factor gene Oct-6 (5), the precursor and
nonmyelinating Schwann cell marker Krox24 (19), and the
chemokine receptor CXCR4 (20) is in accordance with their
down-regulation during postnatal nerve development. We also
observed clear inductions of the p75-LNGFR and Lgi4 genes.
These proteins have been shown to be imperative for peripheral
myelination (1, 3). Krox20 expression (7) was not changed, but
expression levels of Krox20 coactivators Nab1 (21) and Nab2
(data not shown) and of the transcription factor Sox10 (6) were
induced upon p57kip2 suppression. We also detected significant
inductions of integrin-�4 (4), but not of integrin-�1 (data not
shown), and of erbB2 and erbB3 receptors (2) (data not shown).
Whether cell cycle exit is a consequence of elevated p21cip1
(data not shown) and p27kip1 (Fig. 5) expression levels or
whether this reflects compensatory mechanisms regarding cy-
toskeletal modifications via the Rho pathway (22) remains to be
shown by future studies. Induction of both CKI genes could
already be observed when first morphological changes became
apparent. Because all of these regulations are in accordance with
the developmental expression patterns, this provides additional
evidence that upon p57kip2 suppression Schwann cells differ-
entiate as they would do in their natural context.

Discussion
In contrast to oligodendroglial precursor cells, cultured primary
Schwann cells have so far been regarded as blocked in their
differentiation (23, 24). Here we demonstrate that silencing of
p57kip2 expression results in Schwann cell cycle exit, cellular
growth, myelin induction, shifted gene expression pattern, and
enhanced in vitro myelination. We show that this process is
specific for p57kip2, and, considering its down-regulation during
postnatal peripheral nerve development, we conclude that
p57kip2 is an intrinsic inhibitor of myelinating Schwann cell
differentiation, the down-regulation of which is a prerequisite to
allow differentiation to progress.

As a member of the cip/kip family of CKIs, p57kip2 is
primarily considered to negatively interfere with the G1/S tran-
sition of the cell cycle. However, we found that suppression of
p57kip2 leads to cell cycle exit. This can be explained by the
observed induction of the related CKIs p27kip1 and p21cip1 and
is in accordance with previously published results (25, 26).
Currently we have no evidence that the members of the INK4

family, namely p15, p16, p18, and p19, are involved in regulating
Schwann cell cycle exit in response to p57kip2 suppression.
Interestingly, it has already been shown that CKIs can act as
regulators of neural differentiation independent of their cell
cycle inhibitory function (27–29). These effects are probably
mediated by p57kip2 interacting with additional binding part-
ners. Such a model is further supported by the observation that
the severe developmental defects seen in p57kip2-deficient mice
cannot be compensated by the other CKIs (12). Thus, they are
probably specific to p57kip2’s additional protein domains (30).
It is conceivable that the observed Schwann cell differentiation
effect is also based on such additional interaction partners as
Nurr1 (28) or LIM domain-containing proteins (31), a hypoth-
esis that remains to be explored in future experiments.

Apart from stimulated cellular growth and morphology, wide-
spread alterations in Schwann cell gene expression were ob-
served that were found to be highly similar to regulatory events
during peripheral nerve development. Whether these are pri-
mary changes in cell morphology inducing secondary gene
regulatory events or whether these are parallel processes based
on different p57kip2 binding partners remains to be elucidated.
In this regard it is important to note that cytochalasin D-
dependent disruption of actin filament formation was shown to
prevent myelin gene expression in a dose-dependent manner (8).
This implies that functional links between these two processes
exist. Whether p57kip2 represents such a missing link or, alter-
natively, whether soluble or filamentous actin can exert this
function via association with signal transduction molecules (32)
remains to be shown. Interestingly, our analysis also indicated
that the degree of myelin gene induction occurring in p57kip2-
suppressed Schwann cells is not mediated by the Krox20 tran-
scription factor. This appears rather to be a consequence of Nab
coactivator and Sox10 transcription factor induction. It will be
interesting to see whether Krox20 can be further induced once
p57kip2-suppressed cells myelinate axons.

Because the central and peripheral nervous systems differ
fundamentally in their potential to regenerate spontaneously,
our findings are of biomedical relevance. Successful nerve
regeneration depends on the generation of a growth-permissive
environment by dedifferentiating and redifferentiating Schwann
cells within the degenerating distal nerve segment. This adaptive
behavior facilitates and actively promotes axonal regeneration
(9). However, such an adaptation to pathological situations is not
observed with oligodendrocytes, which tend to degenerate as a
consequence of trauma or disease (33, 34). That this fundamen-
tal difference in nerve repair is indeed (among other reasons)
dependent on the plasticity of myelinating glial cells is supported
by observations of Schwann cell-dependent CNS regeneration
(35, 36). As to whether differential p57kip2 regulation represents
the main determinant for a glial cell’s redifferentiation capacity
remains yet to be proven. Nevertheless, Dugas et al. (37)
observed that increasing p57kip2 levels constitute the differen-
tiation-associated timer preceding oligodendrocyte differentia-
tion. This suggests that p57kip2 does not exert the same function
in CNS and peripheral nervous system myelinating glial cells. It
also remains to be shown whether p57kip2 dysregulation or
aberrant subcellular localization accounts for delayed or remy-
elination failure as it can be observed in inherited or inflam-
matory demyelinating diseases. Because unspecific defense re-
actions could be excluded, silencing the p57kip2 gene might
provide a therapeutic tool to treat peripheral demyelinating
diseases or to promote myelin restoration after traumatic injury.

In our experiments, we mimicked the postnatal down-regulation
of p57kip2 by means of RNA interference; however, it is currently
unsolved what signals mediate down-regulation in vivo in both
developing and regenerating peripheral nerves. Furthermore, it has
yet to be demonstrated to what degree p57kip2 influences periph-
eral myelination in vivo. Because the existing knockout mouse
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Fig. 5. GeneChip gene expression analysis at day 9 revealed a number of
differentially regulated genes. Quantitative RT-PCR analysis was used to
validate the regulation of Schwann cell differentiation-related genes in
p57kip2-suppressed versus control-transfected Schwann cells. For each gene
one representative measurement of three experiments is shown; GAPDH
expression was used as reference, and data are mean values � SEM. Black bars,
control-transfected cells; gray bars, p57kip2-suppressed Schwann cells. **, P �
0.01; ***, P � 0.001 (t test).
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mutants die perinatally (12) this question awaits the generation and
analysis of specific mouse mutants.

Materials and Methods
Cloning Procedures. pSUPER-based vectors for p57kip2 and p27kip1 were
designed according to the protocol of the manufacturer (OligoEngine).
Briefly, complementary 64-nt oligonucleotides containing 19-nt inverted re-
peats of the target mRNA and separated by a spacer element were annealed,
phosphorylated, and ligated with the pSUPER vector. After integration, the
insert sequence was verified by using BigDye terminator sequencing on an ABI
310 Genetic Analyzer (Applied Biosystems). For details see SI Materials and
Methods.

Schwann Cell Culture and Transfection. Primary rat Schwann cells were cul-
tured, and transfection was carried out as described in ref. 11. For short-term
experiments, cells were cotransfected with suppression/expression vectors
together with the CD14 expression vector pMACS-CD14.1 (Miltenyi Biotec) at
a ratio of 5:1 before magnetic sorting (11). For long-term experiments, cells
were cotransfected with the pcDNA3-hyg-citrine vector (ratio 5:1) allowing
identification and selection of transfected cells. Selection of transfected cells
was done by application of 50 �g/ml hygromycin B (Invitrogen Life Technol-
ogies) to the culture medium. Morphological measurements were done on a
Nikon Eclipse TE 200 microscope using Lucia software (Nikon). Cocultures of
dissociated DRG were prepared from E17 rats according to ref. 38. For details
see SI Materials and Methods.

Staining Procedures. Immunostainings of either paraformaldehyde-fixed rat
Schwann cells and dissociated DRG cocultures or paraffin sections from sciatic
nerves were performed with rabbit anti-p57kip2 (Sigma–Aldrich; diluted
1/100) as described in ref. 30, mouse anti-S100 (Abcam; 1/500), mouse anti-
MBP (Sternberger Monoclonals; 1/500), and mouse anti-P0 (39) (diluted
1/1,000) antibodies; as well as phalloidin-TRITC (Sigma–Aldrich; 1/1,000). Al-
exa Fluor 488-, Alexa Fluor 594-, or horseradish peroxidase-conjugated anti-
bodies (all Molecular Probes; 1/500) were used for signal visualization. Nuclei
were stained with DAPI (Roche). Determination of proliferation rates was
done by using the BrdU-Kit I (Roche) according to the manual of the supplier.

RNA Preparation, cDNA Synthesis, and Quantitative RT-PCR Analysis. Total RNA
derived from cultured cells and sciatic nerves was prepared by using the

RNeasy procedure following the protocols of the supplier (Qiagen). Reverse
transcription of total RNA was performed by using the TaqMan Reverse
Transcription kit (Applied Biosystems) and dT16(A/C/G) oligonucleotide prim-
ers. Quantitative determination of gene expression levels was performed on
an ABI 7000 sequence detection system using TaqMan and SybrGreen univer-
sal master mixes (Applied Biosystems). Primer sequences were determined by
means of PrimerExpress 2.0 software (Applied Biosystems) and subsequently
tested for the generation of specific amplicons (see SI Materials and Methods
for sequences). GAPDH and ornithine decarboxylase were used as reference
genes, and relative gene expression levels were determined according to the
manufacturer’s ��Ct method (Applied Biosystems). Each sample was mea-
sured in quadruplicate; data are shown as mean values � SEM.

Western Blot Analysis. Western blotting was performed as described in refs. 40
and 41 using mouse anti-P0 (39) and mouse anti-MBP (Chemicon) antibodies
at a dilution of 1/10,000 and 1/1,000, respectively. Visualization was conducted
by using horseradish peroxidase-conjugated goat anti-mouse antibodies at a
dilution of 1/10,000 (Southern Biotechnology) and an ECL Western blot de-
tection system (Amersham Pharmacia).

GeneChip Analysis. Two micrograms of total RNA from control-transfected and
p57kip2-suppressed Schwann cells was used to generate cRNA probes using
the GeneChip one-cycle target labeling and Control Reagents kits (Af-
fymetrix). Labeled cRNAs were hybridized to GeneChip Rat Genome 230 2.0
Arrays (Affymetrix) according to the manufacturer’s protocol before chip
readout and signal digitalization. Data quality verification and analysis were
performed by means of ArrayAssist software (Stratagene) using five different
algorithms (MAS5.0, MBEI, PLIER, RMA, and GC-RMA) for low-level analysis.
After variance stabilization (�16) and log-transformation (base 2), statistical
analysis was carried out via t test. The thresholds to consider genes to be
regulated were �1.5 (fold change) and �0.02 (P values). Genes were consid-
ered as being significantly regulated if they met the above threshold criteria
after PLIER or GC-RMA analysis and at least according to one additional
preprocessing algorithm.
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