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Peripheral Myelin Protein 22 Is in Complex with �6�4
Integrin, and Its Absence Alters the Schwann Cell
Basal Lamina
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Peripheral myelin protein 22 (PMP22) is a tetraspan membrane glycoprotein, the misexpression of which is associated with hereditary
demyelinating neuropathies. Myelinating Schwann cells (SCs) produce the highest levels of PMP22, yet the function of the protein in
peripheral nerve biology is unresolved. To investigate the potential roles of PMP22, we engineered a novel knock-out (�/�) mouse line
by replacing the first two coding exons of pmp22 with the lacZ reporter. PMP22-deficient mice show strong �-galactosidase reactivity in
peripheral nerves, cartilage, intestines, and lungs, whereas phenotypically they display the characteristics of tomaculous neuropathy. In
the absence of PMP22, myelination of peripheral nerves is delayed, and numerous axon–SC profiles show loose basal lamina, suggesting
altered interactions of the glial cells with the extracellular matrix. The levels of �4 integrin, a molecule involved in the linkage between SCs
and the basal lamina, are severely reduced in nerves of PMP22-deficient mice. During early stages of myelination, PMP22 and �4 integrin
are coexpressed at the cell surface and can be coimmunoprecipitated together with laminin and �6 integrin. In agreement, in clone A
colonic carcinoma cells, epitope-tagged PMP22 forms a complex with �4 integrin. Together, these data indicate that PMP22 is a binding
partner in the integrin/laminin complex and is involved in mediating the interaction of SCs with the extracellular environment.
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Introduction
Myelination in the peripheral nervous system (PNS) is depen-
dent on the secretion of a basal lamina by Schwann cells (SCs)
(Bunge, 1993). This linkage with the extracellular matrix (ECM)
stabilizes axon–SC contacts and permits the initiation of myeli-
nation (Eldridge et al., 1987, 1989). Integrins, specifically �6�1
and �6�4, play key roles in mediating the interaction between
SCs and basal lamina constituents, such as laminin (Previtali et
al., 2001). Besides integrins, SCs express a number of adhesive
proteins, including myelin-associated glycoprotein, myelin pro-
tein zero, and peripheral myelin protein 22 (PMP22), which play
critical roles at various stages of myelination (Schachner and
Martini, 1995). These molecules contain the L2/HNK-1 adhe-
sion/recognition carbohydrate epitope that can modulate cell–
cell and cell–matrix interactions.

PMP22, a putative tetraspan glycoprotein, is thought to be a

key molecule in PNS myelin, because its misexpression is associ-
ated with hereditary demyelinating neuropathies (Naef and
Suter, 1998). Although the exact function of PMP22 in the SC
membrane is still unclear, the phenotypes of mice deficient in
PMP22, or expressing mutated copies, suggest an involvement in
myelin formation and maintenance (Adlkofer et al., 1995; May-
cox et al., 1997; Robertson et al., 1997). One mechanism by which
PMP22 may influence myelin stability is by interacting with the
extracellular domain of protein zero (D’Urso et al., 1999; Hasse et
al., 2004). An additional role in embryonic and early postnatal
development is supported by the expression of PMP22 by migra-
tory neural crest cells (Hagedorn et al., 1999) and the dysmyeli-
nating phenotypes of PMP22 mutant rodents (Martini and
Schachner, 1997; Notterpek and Tolwani, 1999). In agreement,
certain mutations in PMP22 are associated with childhood-onset
dysmyelinating neuropathies in humans (Roa et al., 1993; Garcia
et al., 1998).

The localization of PMP22 at cell– cell junctions of various
epithelia and endothelia suggests a possible role in mediating
myelin wrapping and intercellular adhesion (Notterpek et al.,
2001; Roux et al., 2004, 2005). Overexpression of PMP22 in epi-
thelial cells alters their migratory behavior and changes the func-
tional properties of cell– cell contacts (Roux et al., 2005). In ad-
dition, in NIH3T3 cells (Brancolini et al., 1999) and rat SCs
(Nobbio et al., 2004), the overexpression of PMP22 mediates
membrane expansion. These findings, together with the pheno-
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types of PMP22 mutant mice, indicate that PMP22 is capable of
modulating intercellular and cell–matrix communications in a
variety of cell types. How PMP22 attains these functions in the
plasma membrane is still unknown but could involve direct or
indirect links with constituents or binding partners of the ECM.

To elucidate the potential roles of PMP22 in the cell mem-
brane, we engineered a novel PMP22-deficient mouse line. Af-
fected mice broadly express the LacZ reporter in a variety of
neural and non-neural tissues and display tomaculous neuropa-
thy. Ultrastructural analyses of sciatic nerves revealed alterations
in the SC basal lamina, which led us to examine the potential
interaction of PMP22 with integrins. By a variety of approaches,
we show that PMP22 is a binding partner for the �6�4 integrin
complex.

Materials and Methods
PMP22-deficient LacZ mice. This PMP22-deficient LacZ mouse line was
engineered using the VelociGene targeting technology (Valenzuela et al.,
2003). A breeding colony was maintained under specific pathogen-free
housing. The Institutional Animal Care and Use Committee approved
the use of animals for these studies. For genotyping, DNA was isolated
from tail biopsies of pups under �10 d old and digested with BamHI.
Genotypes were determined by Southern blot analysis using a 1.4 kb
probe, which recognizes a portion of the murine pmp22 upstream of the
start codon (5� probe) and a portion of the neomycin resistance gene (neo
probe). The lacZ reporter activity was detected histochemically on em-
bryonic day 15 (E15) and adult heterozygous tissue samples by X-gal
staining (Valenzuela et al., 2003). Sections from the embryos were coun-
terstained with neutral red. Whole-mount preparations were imaged
using a Leica (Nussloch, Germany) MZ12.5 dissecting microscope with a
ColorView II camera (Soft Imaging Systems, Lakewood, CO). Cryostat sec-
tions were scanned using an Aperio ScanScope, and all images were format-
ted for printing with Photoshop CS (Adobe Systems, San Jose, CA).

Morphological analyses and teased nerve fiber preparation. All reagents
used for these studies were obtained from Electron Microscopy Sciences
(Fort Washington, PA). Sciatic nerves were collected from genotyped
postnatal day 3 (P3), P10, P13, and P18 mice. Samples were fixed by
immersion in 1% glutaraldehyde/2% paraformaldehyde in 0.1 M sodium
cacodylate buffer, pH 7.4, overnight at 4°C, followed by osmication in
2% OsO4 in 0.1 M sodium cacodylate buffer for 1 h at room temperature,
dehydrated in an ascending ethanol and acetone series, and embedded in
Spurr’s medium. Thick sections of the samples were stained with tolu-
idine blue and surveyed by light microscopy using a SPOT camera (Di-
agnostic Instruments, Sterling Heights, MI) attached to a Nikon
(Melville, NY) Eclipse E800 microscope. Measurements of axon and fiber
(axon with myelin) diameters on light level images were obtained using
Advanced SPOT RT software (Diagnostic Instruments). G-ratios were
determined by dividing the axon diameter by the fiber diameter. To
quantify potential differences in G-ratios, �100 individual fibers per
animal were analyzed, using four to five mice per genotype. Statistical
analysis was performed using Excel 2000 software (Microsoft, Redmond,
CA). Thin sections of the samples were poststained with lead citrate and
uranyl acetate and examined on a Jeol (Peabody, MA) 100CX transmis-
sion electron microscope. Images were formatted for printing by using
Photoshop 5.5.

Details of the teased nerve fiber procedure were described by Martini
et al. (1995). Briefly, sciatic nerves from genotyped P21 mice were col-
lected and preteased into small bundles, followed by osmification and
dehydration, as above. Single fibers were obtained by teasing the nerves
in embedding medium, and slides were baked overnight at 60°C. Light
microscopy was performed using a Nikon T1-SM inverted microscope
equipped with a Nikon DS-L1 camera.

Myelinating dorsal root ganglion neuron–SC cocultures. Rat dorsal root
ganglion (DRG)–SC cocultures were established as described previously
(Notterpek et al., 1999). DRGs were collected from E15 rodents, digested
with 0.25% trypsin (Invitrogen, Rockville, MD), dissociated, and plated
on rat tail collagen (Biomedical Technologies, Stoughton, MA)-coated

glass coverslips. Explants were maintained in minimum essential me-
dium (Invitrogen) supplemented with 10% fetal calf serum (Hyclone,
Logan, UT), 0.3% glucose (Sigma-Aldrich, St. Louis, MO), 10 mM

HEPES (Cellgro; Mediatech, Herndon, VA), and 100 ng/ml nerve growth
factor (Harlan Bioproducts for Science, Madison, WI) for 7 d. Ascorbic
acid (50 �g/ml; Sigma-Aldrich) was then added for an additional 15 d, at
which point the cultures were used for biochemical studies.

Immunolabeling of nerves. Sciatic nerves were dissected from geno-
typed P10 and 3-month-old �/� and PMP22�/� littermates. Samples
were frozen by immersion in liquid nitrogen-cooled N-methyl butane.
Frozen sections (5 �m thickness) were dried for 1 h on Superfrost/Plus
microslides (Fisher Scientific, Pittsburgh, PA), followed by fixation with
4% paraformaldehyde in PBS for 10 min at room temperature and per-
meabilization with 100% acetone for 2 min at �20°C (Melendez-
Vasquez et al., 2004). Samples were blocked in PBS containing 20%
normal goat serum for 1 h. Primary antibodies, including polyclonal
rabbit anti-laminin (1:10,000; Sigma-Aldrich); anti-PMP22 (Notterpek
et al., 1999); and monoclonal rat anti-�4 integrin (1:4000), anti-�1 inte-
grin (1:4000), and anti-�6 integrin (1:4000) (all from BD Biosciences
PharMingen, San Diego, CA), were added in the blocking solution over-
night at 4°C. For the PMP22 and integrin double-labeling studies, nerve
sections were fixed in 4% paraformaldehyde (10 min, room tempera-
ture) and permeabilized with 100% methanol (10 min, �20°C) (Einhe-
ber et al., 1993). These fixation conditions are optimal for the detection of
�4 integrin; however, the PMP22-like staining is weaker than usual (Not-
terpek et al., 1999). The samples were then incubated with Alexa Fluor
594 goat anti-rabbit IgG (red) and/or Alexa Fluor 488 goat anti-rat IgG
(green) (both from Molecular Probes, Eugene, OR) for 1–2 h. Hoechst
dye #33342 (Molecular Probes) was included in the secondary antibody
solution at 10 �g/ml to visualize nuclei. Coverslips were mounted by
using the ProLong Antifade kit (Molecular Probes). Samples were im-
aged with a Spot camera attached to a Nikon Eclipse E800 microscope or
an Olympus Optical (Tokyo, Japan) MRC-1024 confocal microscope
and were formatted for printing by using Photoshop 5.5.

Western blot analyses. Sciatic nerves collected from genotyped mice
were frozen immediately in liquid nitrogen. For total protein analyses,
nerves from three to four mice were crushed under liquid nitrogen and
solubilized in SDS gel sample buffer (62.5 mM Tris, pH 6.8, 10% glycerol,
and 3% SDS). Protein concentrations were determined using BCA re-
agents (Pierce, Rockford, IL). Samples (20 �g/lane) were separated on
7.5 or 12.5% acrylamide gels under reducing conditions and transferred
to nitrocellulose membranes (Bio-Rad, Hercules, CA). Polyclonal anti-
PMP22 (1:2000); anti-�-galactosidase (�-gal; 1:1000; Molecular
Probes); anti-laminin (1:10,000; Sigma-Aldrich); anti-�4 integrin
(1:1000) and monoclonal rat anti-�1 integrin (1:1000; both from Chemi-
con, Temecula, CA); and monoclonal mouse anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (a kind gift from Dr. G. Shaw, Univer-
sity of Florida, Gainesville, FL) were used. Bound antibodies were visualized
using an enhanced chemiluminescence kit (PerkinElmer Life Sciences, Bos-
ton, MA). Films were digitally imaged using a GS-710 densitometer (Bio-
Rad) and were formatted for printing by using Photoshop 5.5.

Coimmunoprecipitation of integrins and PMP22. For the coimmuno-
precipitation experiments, a previously established procedure was used
(Gudz et al., 2002). Briefly, sciatic nerves from P21 �/� mice were lysed
in immunoprecipitation (IP) buffer (0.15 M NaCl, 0.05 M Tris, 0.5 mM

EDTA, pH 7.5, 1% Triton X-100, 0.05% SDS, and 0.2% bovine serum
albumin) supplemented with complete protease inhibitor (Roche, Indi-
anapolis, IN) and 500 �M phenylmethylsulfonyl fluoride (Sigma-
Aldrich). Lysates from PMP22�/� mice were analyzed in parallel as a
negative control. After centrifugation, pelleted material was solubilized
in IP buffer with 2.5% SDS and combined with the supernatant (final
SDS volume, 0.3%). After a second centrifugation, protein lysate super-
natants (1 mg/ml) were precleared by incubation with nonspecific rabbit
or rat serum, followed by incubation with protein A-Sepharose (Amer-
sham Biosciences, Piscataway, NJ) or protein G-agarose (Santa Cruz
Biotechnology, Santa Cruz, CA), respectively. The supernatants were
then incubated with rabbit polyclonal anti-PMP22, anti-�4 integrin, and
anti-laminin or rat monoclonal anti-�6 integrin antibodies, and the
antibody–antigen complexes were captured with either protein
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A-Sepharose or protein G-agarose. Immunoprecipitates were eluted by
boiling in SDS gel sample buffer with 2% �-mercaptoethanol (Bio-Rad).
Total protein lysates and immunoprecipitates were separated on 10%
acrylamide gels, blotted to polyvinylidene difluoride membrane (Bio-
Rad), blocked with 5% nonfat dry milk in PBS-T buffer (10 mM Tris, 150
mM NaCl, and 0.1% Tween 20, pH 7.4), and subsequently probed with
the appropriate antibody [polyclonal anti-PMP22 (1:1000), anti-�4 in-
tegrin (1:1000), anti-laminin (1:10,000), and mouse monoclonal
�-dystroglycan (1:1000); NovoCastra, Newcastle, UK]. Bound antibod-
ies were visualized using the enhanced chemiluminescence kit, as above.

Cell-surface labeling. Myelinating rat DRG–SC cocultures were rinsed
with PBS containing 0.1 mM CaCl2 and 1 mM MgCl2, supplemented with
complete protease inhibitor (Roche) and 500 �M phenylmethylsulfonyl
fluoride (Sigma-Aldrich) (PBS-CM) (Gudz et al., 2002). After incuba-
tion with 2 mM Sulfo-NHS-LC-biotin (Pierce) in PBS-CM for 1 h at 4°C,
the samples were washed with PBS and 0.1 M Tris-HCl and solubilized in
IP buffer, as above. After centrifugation, strepavidin-agarose beads
(Sigma-Aldrich) were added to the supernatant for 3 h at 4°C. The beads
were collected by brief centrifugation and washed in IP buffer. The
biotin–avidin protein complexes were dissociated from the beads by
heating in SDS and �-mercaptoethanol-containing gel sample buffer.
The eluted proteins were analyzed on 12.5% acrylamide gels and blotted
with polyclonal rabbit anti-PMP22 and anti-�4 integrin antibodies and
monoclonal mouse anti-actin (Sigma-Adlrich).

Protein interaction studies in clone A cells. Clone A cells, originally
isolated from a poorly differentiated colon adenocarcinoma (Dexter et al.
1979), were a kind gift from Dr. A. Mercurio (Beth Israel Medical Center,
Boston, MA). Cells were maintained in RPMI medium supplemented
with 10% fetal calf serum, 50 �g/ml penicillin, 50 U of streptomycin
(Sigma-Aldrich), 5 mM HEPES, and 200 �M L-glutamine (Invitrogen).
The human PMP22 (a kind gift from Dr. C. Huxley, Imperial College
School of Science, Technology, and Medicine, London, UK) open read-
ing frame, tagged with a myc-epitope in the second extracellular loop,
was inserted into the pLNCX2 retroviral vector (Clontech, Palo Alto,
CA), under the control of the cytomegalovirus promoter. Forty-eight
hours after transfection with Lipofectamine and PLUS reagent (Invitro-
gen, Carlsbad, CA), samples were processed for double immunolabeling,
as described above, except that cells were permeabilized with 0.2% Triton
X-100/PBS for 15 min at room temperature and incubated with poly-
clonal rabbit anti-myc (Santa Cruz Biotechnology) and monoclonal
mouse anti-�4 integrin (Ancell Corporation, Bayport, MN) antibodies.
For the coimmunoprecipitation experiments, monoclonal mouse anti-
myc (Santa Cruz Biotechnology) and polyclonal rabbit anti-�4 integrin
antibodies were used.

Results
Phenotype of PMP22-deficient LacZ mice
Targeted deletion of the pmp22 gene was accomplished using the
VelociGene technology (Valenzuela et al., 2003). This approach
circumvents potential complications of previous gene silencing
technologies, such as targeted disruption, which may allow for
alternative splicing and some translation of PMP22. For this
mouse model, the first two coding exons of pmp22, exons 2 and 3
(Fig. 1A), encoding the first transmembrane segment, were re-
placed with the lacZ reporter in tandem with the neo selection
gene (Fig. 1B). The entire pmp22 coding sequence was not de-
leted because of concerns that removal of the large intron be-
tween exons 3 and 4 (�17,000 bp) may include regulatory ele-
ments, which could affect the expression pattern of the lacZ
reporter. In this design, the lacZ gene is driven by the pmp22
promoters, allowing for high-resolution analysis of the �-gal pro-
tein throughout the organism. To determine the genotypes of the
mice, genomic DNA is blotted with a probe that contains a por-
tion of the mouse pmp22 and the neomycin resistance gene (Fig.
1C). In wild-type (�/�) and heterozygote (�/�) samples, a 2.2
kb fragment, indicative of the endogenous pmp22 gene, is de-
tected. The mutant allele is identified as a 7.6 kb band in �/� and

homozygous knock-out (�/�) samples. In accordance, Western
blot analysis on entire sciatic nerve lysates confirms the expres-
sion of PMP22 in adult �/� mice, with lower and undetectable
levels in �/� and �/�, respectively (Fig. 1D). �-gal reporter
expression is reciprocal of PMP22, with the highest levels in the
�/� nerves. To monitor equal protein loading, the blot was re-
probed with an anti-GAPDH antibody.

Expression of the �-gal reporter was first examined on sec-
tions of heterozygote embryos at E15 (Fig. 2). Detected as a blue
reaction product, �-gal is expressed broadly, with robust staining
in the lung and intestines (Fig. 2A). At higher magnification,
�-gal is evident in the rhombencephalic and mesencephalic neu-
roepithelium (Fig. 2B), the DRGs (Fig. 2C, arrow), the skeletal
muscle (Fig. 2C, asterisk), and the cartilage of the vertebrae (Fig.
2C, arrowhead). The reporter is also prominent at the aortic arch
of the heart, a previously unrecognized area for the expression of
PMP22 (Fig. 2D, arrow). Fig. 2, E and F, shows a higher magni-
fication of the lungs and the intestines, respectively. These results
are in agreement with previous reports on the broad tissue distri-
bution of the PMP22 mRNA during murine development (Bae-
chner et al., 1995; Parmantier et al., 1995, 1997; Taylor et al.,
1995) and validate the specificity of our targeting design.

Next, we investigated the expression of �-gal in adult het-
erozygous transgenic mice (Fig. 3). Many non-neural tissues re-
main positive for the reporter, including the lungs, intestines,
gallbladder, kidneys, urinary bladder, reproductive organs, and
stomach (data not shown). Particularly, the cartilage of the ribs
(Fig. 3A) and the aortic arch (Fig. 3B) display high levels of �-gal
expression. On whole mounts of the brain, the deep nuclei of the
brainstem (Fig. 3C, arrows) and the cranial nerves (Fig. 3C,

Figure 1. A, Schematic representation of the targeting strategy. The genomic structure of
the mouse pmp22, showing the alternatively used exons 1A and 1B, which are preceded by
promoters 1 and 2, respectively, is shown. The double bars between exons 3 and 4 and exons 4
and 5 indicate 16.6 and 7.0 kb intronic sequences, respectively. B, Diagram of the pmp22-lacZ
construct. The first two coding exons of pmp22 (exons 2 and 3) were replaced with the lacZ
reporter, followed by a strong transcription termination signal, the PGK-neo gene, and a second
stop signal. BamHI restriction sites (B) and locations of the PMP22 (5�probe) and neo probes are
shown (A, B). C, Southern blot analysis of genomic DNA digested with BamHI from wild type
(�/�), heterozygous (�/�), and homozygous PMP22 knock-out (�/�) littermates. The
endogenous allele is detected as a 2.2 kb fragment, whereas the mutant allele yields a 7.6 kb
fragment. D, Western blot analyses of sciatic nerve lysates (7.5 �g/lane) from adult �/�,
�/�, and �/� mice with anti-PMP22 and anti-�-gal antibodies. Anti-GAPDH is shown as a
loading control. Molecular mass in kilobases (C) and kilodaltons (D) is shown on the left.
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arrowheads) are reactive. In addition, the
high abundance of PMP22 in the PNS is
confirmed on spinal cord preparations,
which display robust �-gal reactivity in the
peripheral nerves (Fig. 3D).

Phenotypically, heterozygous PMP22-
deficient mice should model hereditary
neuropathy with liability to pressure pal-
sies (HNPP), which is commonly associ-
ated with deletion of one copy of the
PMP22 gene (Chance et al., 1993). Ho-
mozygous PMP22-deficient mice are pre-
dicted to have a more severe neuropathy
similar to CMT1A (Adlkofer et al., 1995).
Indeed, when the mice are held by the base
of the tail, wild-type adults splay their
hindlimbs and relax their forelimbs (Fig.
3E, �/�). In comparison, homozygous
PMP22-deficient mice manifest visible
signs of motor deficits, including clasped
hindlimbs, tremor, and hindered gait (Fig.
3E, �/�), which become noticeable by 2
weeks of age. As the animals age, distal
muscle weakness advances to hind-limb
paralysis. Heterozygous mice are less af-
fected during the first 2 months of postna-
tal development but display various sever-
ities of visible motor deficits by 5 months
of age. PMP22�/� mice are less capable of
mating and show postnatal growth retar-
dation compared with �/� littermates. By
3 weeks of age, PMP22�/� mice weigh
�2 g less than their �/� littermates
(�/�: 9.7 g, n � 7; �/�: 7.7 g, n � 8; p �
0.005). On morphological examination,
the sciatic nerves from P21 �/� mice re-
veal tomacula, sausage-like thickenings of
myelin (Fig. 3F, arrowhead). Paranodal
tomacula are the most common; however,
internodal myelin thickenings were also
noted (data not shown). At 3 weeks of age,
tomacula are less common in the sciatic
nerves of heterozygous mice but increase
in frequency as the animals grow older
(our unpublished data; Adlkofer et al.,
1995). Compared with young animals
(Fig. 3F), our preliminary studies show
fewer tomacula and an increase in demy-
elinating profiles in nerve samples from
adult �/� mice (data not shown). Because tomacula are the
neuropathological hallmarks of HNPP (Meier and Moll, 1982),
their presence in the nerves of affected mice further validates our
model.

Delayed myelination and altered SC–ECM interactions in the
absence of PMP22
During myelination, PMP22 is thought to play a role in the inter-
actions between SCs and axons, possibly mediating myelin wrap-
ping (Martini and Schachner, 1997). Therefore, sciatic nerves
from genotyped �/� and �/� littermates between the ages of P3
and P18, within the period of active myelination, were fixed and
processed for morphological examination (Fig. 4). Thick sections
(1 �m) of nerves from P10 �/� mice show the proper one-to-

one axon–SC relationships and many well myelinated fibers (Fig.
4A). In comparison, in the absence of PMP22, there is a notable
increase in the number of SCs that are halted in the promyelinat-
ing stage, where they have surrounded axons but have not begun
wrapping them (Fig. 4B,D, arrowheads). At P10, 95 � 3% of
defasciculated axons from �/� mice are myelinated, whereas
only 56 � 13% of axons from �/� mice are (n � 3 per genotype;
p � 0.0005). In agreement with the detection of tomacula in
teased nerve fibers (Fig. 3F), some axons are hypermyelinated
(Fig. 4B, asterisks). After the exclusion of promyelinated and
hypermyelinated profiles, we quantified axon and fiber diameters
in multiple sections from P10, P13, and P18 littermates. At the
ages examined, measurements of �500 axon–SC profiles per ge-
notype revealed an �19% reduction in axon (�/�, 3.37 �m;

Figure 2. Widespread �-gal expression in the E15 mouse embryo. A, The �-gal reporter is expressed in a variety of neural and
non-neural tissues on a cryosection of an E15 embryo. B, C, Higher-magnification images show reporter expression in the ven-
tricular zones of the rhombencephalon (R) and mesencephalon (M) (10	; B), DRG (8	; C, arrow), skeletal muscle (C, asterisk),
and cartilage of the vertebrae (C, arrowhead). D, �-Gal activity is prominent in the aortic arch of the heart (7	; arrow). E, F, High
levels of the reporter are also present in the lungs (18	; E) and the intestines (9	; F ). The sections are counterstained with
neutral red.
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�/�, 2.68 �m) and a 23% reduction in fiber (�/�, 5.04 �m;
�/�, 3.84 �m) diameters in nerves of �/� mice (n � 5) com-
pared with �/� littermates (n � 4) ( p � 0.0005 for both). As the
result of these changes, the G-ratios in the affected samples are
increased by �5% (�/�, 0.668; �/�, 0.701; p � 0.005), indicat-
ing dysmyelination.

Ultrathin sections of the same samples from P10 �/� mice
show tightly adhered SCs against their axons, and each axon–SC
unit is surrounded by a basal lamina (Fig. 4C, inset, arrow). In
comparison, pockets of loose basal lamina are prominent in cross
sections of nerves from P10 �/� mice (Fig. 4D, arrows). The
boxed area in 4D is magnified to illustrate the excess, loose basal
lamina around a particular SC–axon profile (Fig. 4F, arrow). In
some instances, bare axons with pockets of basal lamina are ob-
served (Fig. 4D, a), suggesting that the SCs have retracted their
processes. SC profiles, as judged by the presence of a surrounding
basal lamina, with irregular cytoplasmic processes, are also
present (Fig. 4D, open arrowhead). The described morphological
alterations persist throughout the first 3 weeks of postnatal de-
velopment (Fig. 4E–G, arrows) and can also be seen in samples
from adult mice (data not shown).

�4 integrin levels are reduced in sciatic nerves of
PMP22�/� mice
To investigate the molecular changes associated with the altered
basal lamina profiles, nerves from P10 genotyped littermates
were processed for analyses with anti-basal lamina and SC outer
surface (abaxonal) protein antibodies, including laminin and in-
tegrins (Fig. 5). As described previously (Einheber et al., 1993),
�4 integrin is mainly localized to the outer membrane of SCs in
nerves of P10 �/� mice (Fig. 5A, arrow). In comparison, �4-like
staining intensity is notably reduced in the homozygous PMP22
knock-out sample, and the basal lamina-like pattern is discern-
able only occasionally (Fig. 5B, arrow). Likewise, in nerves of
�/� mice, �1 integrin antibodies label the outer SC membrane
(Fig. 5C, arrow), whereas in the absence of PMP22, �1-like im-
munoreactivity is patchy and less distinct (Fig. 5D). Laminin, a
major protein component of the SC basal lamina, is detected
around each axon–SC unit, adjacent to the abaxonal SC mem-

brane in normal nerves (Fig. 5E). Similar
to the integrins (Fig. 5B,D), in sections
from PMP22�/� mice, laminin-like im-
munoreactivity appears less organized,
and thickenings of the basal lamina are
seen (Fig. 5F, arrowheads). Nonspecific rat
or rabbit sera do not label the nerve sec-
tions (Fig. 5A,B,E,F, insets). The nerve
cross sections shown in Figure 5 are
costained with the Hoechst nuclear dye,
which reveals elevated cell density in the
absence of PMP22. Quantification of inde-
pendent samples from three mice per ge-
notype shows an �1.5-fold increase in nu-
clei in affected nerves ( p � 0.05). This
finding agrees with a previous report on
increased cell density at P10 in nerves of
homozygous PMP22-deficient mice (San-
cho et al., 2001).

To substantiate the reduction in �4-
like immunoreactivity in affected samples,
entire sciatic nerve lysates from P10 litter-
mates were blotted with the indicated an-
tibodies (Fig. 5G). In agreement with the

immunolocalization studies (Fig. 5A–F), the levels of �4 integrin
are reduced in nerves of PMP22�/� mice, whereas �1 integrin
remains relatively constant. GAPDH is shown as a protein load-
ing control. Because the mobility of laminin is similar to �4 on
SDS gels, a parallel blot was probed with anti-laminin antibody.
As predicted from the immunostaining (Fig. 5E,F), the level of
laminin is unaltered in nerves of PMP22�/� mice. The reduc-
tion in the levels of �4 integrin is consistent among several inde-
pendent samples and at all ages tested, including P18 and adult
(data not shown).

PMP22 is in a complex with �6�4 integrin and laminin
The reduction in �4 integrin levels in the absence of PMP22
could suggest that the two proteins are in a complex. To investi-
gate the potential interaction of �4 integrin and PMP22, sciatic
nerve lysates of 3-week-old �/� mice were immunoprecipitated
with antibodies against candidate proteins. Subsequently, the im-
munoprecipitates were analyzed by Western blots for the indi-
cated binding partners, as shown at the right of each Western
blot. First, total nerve lysates (T lane) were precleared (PC lane)
with nonspecific rabbit IgGs and incubated with a rabbit anti-�4
integrin antibody (Fig. 6A, left). Probing of the immunoprecipi-
tate with the indicated antibodies, after electrophoretic separa-
tion, identifies not only �4 integrin but also PMP22 in the pre-
cipitate. In a reciprocal experiment, PMP22 was
immunoprecipitated and analyzed for �4 integrin (Fig. 6A,
right). As before, the blot was reprobed with anti-PMP22 anti-
body to verify the precipitation of PMP22. These coimmunopre-
cipitation experiments indicate that PMP22 is in a complex with
�4 integrin. In myelinating peripheral nerves, �4 is known to
interact with �6 integrin and laminin (Lee et al., 1992; Previtali et
al., 2001); therefore, we investigated whether laminin could be
detected in the immunoprecipitate (Fig. 6A, right). Probing with
anti-laminin reveals that it coprecipitates with PMP22, whereas
�-dystroglycan, another laminin receptor in peripheral nerves
(Scherer and Arroyo, 2002), does not (Fig. 6A, right). The two
bands on the anti-laminin Western blot of the PMP22 immuno-
precipitate may represent differential mobilities of the �200 kDa

Figure 3. Phenotype of adult PMP22-deficient mice. A–D, Distinct �-gal expression is evident in the ribs (A), aortic arch of the
heart (B), brainstem deep nuclei (C, arrows), cranial nerve roots (C, arrowheads), and the peripheral roots of a spinal cord
preparation (D). E, Behavioral phenotypes of 3-month-old littermates. Wild type (�/�) mice have splayed hindlimbs and
relaxed forelimbs, whereas PMP22-deficient littermates (�/�) clasp their hindlimbs and forelimbs close to their body (top right)
and display gait abnormalities (bottom). F, Teased nerve fibers from genotyped P21 littermates. Nerve fibers of PMP22�/�mice
exhibit frequent tomacula (arrowhead). Magnification, 40	.
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� and � chains that do not always resolve
in the total or on the reprobes.

To substantiate the interaction of
PMP22 with the integrin protein complex,
the nerve lysates were incubated with
anti-�6 integrin or anti-laminin antibod-
ies (Fig. 6B). Subsequent Western blot
analyses of the immunoprecipitates iden-
tify PMP22 in the pull-down fractions. Be-
cause the anti-�6 antibody does not work
on blots of denatured samples, the �6 pre-
cipitate was reprobed for �4, the binding
partner of �6 in peripheral nerves (Fig. 6B,
left). Compared with the integrins and
laminin, PMP22 is more abundant in en-
tire nerve lysates; therefore, when only 1
�g of total protein is analyzed (T lanes),
PMP22 is readily detected, whereas lami-
nin and �4 are barely visible on the rep-
robes (Fig. 6A–C, asterisks). However,
laminin and �4 are prominent when 20 �g
of entire nerve lysates are analyzed (Fig.
5G). As a control for the specificity of the
coimmunoprecipitation experiments, ly-
sates from PMP22�/� mouse nerves were
incubated with �4 integrin antibodies
(Fig. 6C). In agreement with the reduced
levels of �4 integrin in affected nerves,
there is a faint enrichment in �4 integrin in
the pull-down fraction, yet PMP22 is not
detected. Together, these studies indicate
that a fraction of PMP22 is in complex
with �6�4 integrin and laminin in nerves
of �/� mice.

In myelinating peripheral nerves, the
expression levels of PMP22 and �6�4 in-
tegrin substantially increase during the
first 2 weeks of postnatal development
(Notterpek et al., 1999; Previtali et al.,
2001); however, the potential colocaliza-
tion of these molecules has not been exam-
ined. To corroborate the interaction of
PMP22 with the integrin complex, nerve
samples from �/� mice and myelinating
DRG neuron–SC cocultures were studied (Fig. 7). Although the
fixation conditions are not optimal for the codetection of the two
antigens, on cross sections of sciatic nerves from 3-month-old
mice, a portion of PMP22-like staining overlaps with �4 integrin
(Fig. 7A). On the merged single plane confocal image, the yellow
color indicates the colocalization of PMP22 with �4 integrin at
the abaxonal SC membrane (Fig. 7A, arrows). Normal rat or
rabbit serum, used as controls of specificity, do not stain the nerve
sections (Fig. 7A, insets). Additionally, the steady-state levels of
�4 integrin and PMP22 increase concomitantly during the first 3
weeks of postnatal development (Fig. 7B, arrows). The arrow-
head on the PMP22 Western blot identifies a nonspecific band
that is reactive with our polyclonal antibody. Because integrins
are established cell-surface receptors of SCs (Previtali et al.,
2001), the fraction of PMP22 that is in complex with the integrins
should also be accessible to cell-surface labeling. Therefore, my-
elinating DRG–SC cocultures were incubated with Sulfo-NHS-
LC-biotin and subsequently precipitated with strepavidin (Fig.
7C). �4 integrin, as expected, and PMP22 are detected in the

pull-down fraction, which represents the cell-surface pool of
these molecules. Actin, a known intracellular protein, served as a
negative control. Together, these studies indicate that PMP22 is
coexpressed in time and locale with �4 integrin in myelinating
nerves and DRG–SC cocultures.

Next, we asked whether PMP22 may form a complex with �4
integrin in non-neural samples as well (Fig. 8). A human colon
adenocarcinoma cell line, termed clone A, is known to express
high levels of �6�4 integrin and is amenable to transfection (Dex-
ter et al., 1979; Lotz et al., 1990). Clone A cells were transfected
with epitope (myc)-tagged human PMP22 (hPMP-myc) and an-
alyzed with anti-myc and anti-�4 integrin antibodies (Fig. 8). In
a cluster of transfected cells, hPMP-myc is targeted to the �4
integrin-positive cell membrane, resulting in a yellow color on
the merged image (Fig. 8A–C, arrows). Nontransfected cells in
the periphery of the image act as an internal control for the anti-
myc antibody (Fig. 8B,C). In parallel, clone A cells transfected
with either vector alone or hPMP-myc were lysed in IP buffer and
incubated with the indicated antibodies (Fig. 8D). When lysates

Figure 4. Delayed myelination and ultrastructural alterations in nerves of affected mice. A, B, Semithin (1 �m thickness)
toluidine blue-stained cross sections from P10 wild-type (A;�/�) and PMP22-deficient (B;�/�) littermates. In contrast to the
normal nerve (A), there is a delay in myelination in PMP22-deficient samples, because many promyelinating fibers are observed
(B, arrowheads). Thickened myelin profiles are also present (B, asterisks). C, On ultrastuctural examination, nerves of P10 �/�
mice show tight basal lamina (arrow in inset; 3	 magnification) around the SCs. D–G, In comparison, promyelinating SCs
(arrowhead), loose basal lamina (arrows), bare axons (a), and irregular, hypertrophic SC processes (open arrowhead) are evident
in the P10 �/� sample. The boxed area in D is magnified in F (3	). SC profiles with pockets of loose basal lamina are also seen
in nerves from P3 (E) and P18 (G) PMP22�/� mice. Scale bars: A, B, 10 �m; C, D, 2 �m; C (inset), F, 0.67 �m; E, G, 0.5 �m.
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of vector control cultures are immunoprecipitated with the �4
integrin antibody and blotted with an anti-myc, no bands are
visible. In comparison, when the same experiment is performed
in PMP-myc-transfected cells, hPMP-myc is coimmunoprecipi-
tated with �4 integrin (Fig. 8D, Western blot with myc, arrow).
To confirm the identity of the myc-immunoreactive band as
PMP22, one-half of the immunoprecipitate was treated with PN-
Gase F to remove the carbohydrate moiety of PMP22. As de-
scribed previously (Pareek et al., 1997), after PNGase F treat-

ment, the �22 kDa band shifts to 18 kDa, which represent the
core PMP22 peptide (Fig. 8D, Western blot with myc, arrow-
head). The blots were reprobed with �4 integrin to show that �4
integrin is efficiently immunoprecipitated from both vector con-
trol and hPMP-myc-expressing cultures. After PNGase F treat-
ment, the mobility of �4 is also changed from �200 kDa to 190
kDa (Fig. 8D, Western blot with �4, arrow and arrowhead, re-
spectively) (Sonnenberg et al., 1988). These results indicate that
PMP22 and �4 integrin are in a complex in a variety of cell types.

Discussion
Understanding the role of PMP22 in the cell membrane has been
hindered by lack of knowledge on interacting proteins, particu-
larly molecules with signaling potential. In the current study, we
characterized a novel PMP22-deficient mouse model that led us
to identify PMP22 as a binding partner for the �6�4 integrin and
laminin complex. Analyses of heterozygous PMP22-deficient
mice revealed broad tissue distribution of the �-gal reporter and
an HNPP-like neuropathic phenotype. In nerves of homozygous
knock-out mice, we detected loose SC basal lamina and reduced
levels of �4 integrin, suggesting a role for PMP22 in the stabiliza-
tion of integrins in the cell membrane. Indeed, coimmunopre-
cipitation experiments from nerves of �/� mice and clone A
human colonic carcinoma cells show that PMP22 is in a complex
with �6�4 integrin and laminin.

The VelociGene technology used in this study uses targeting
vectors based on bacterial artificial chromosomes that can pre-
cisely replace the gene of interest with a reporter, allowing for

Figure 5. Decreased levels of �4 integrin in nerves of PMP22-deficient mice. A–F, Cryosec-
tions of sciatic nerves from �/� (A, C, E) and PMP22�/� (B, D, F ) mice were immuno-
stained with monoclonal rat (rt) anti-�4 integrin (A, B), anti-�1 integrin (C, D), or polyclonal
rabbit (rb) anti-laminin (Lam) (E, F ) antibodies. In nerves of P10 �/� mice, �4 and �1
integrin are detected at the abaxonal SC surface (A, C, arrows). In comparison, abaxonal
integrin-like staining is only discernable around a fraction of the fibers in the �/� samples (B,
D, arrows). In addition, when the images were collected at the same exposure times, the level of
�4-like immunoreactivity was reduced (compare A, B). Laminin was detected at the SC basal
lamina in �/� (E, arrow) and �/� (F ) nerves, with thickened basal lamina (arrowheads)
and a tomaculum (open arrowhead) marked in the affected sample (F ). Nonspecific rat (A, B,
inset) and rabbit (E, F, inset) sera serve as controls for staining specificity. Scale bar, 5 �m. G,
Sciatic nerve lysates (20 �g/lane) from P10 �/�, �/�, and �/� mice were analyzed with
polyclonal rabbit anti-�4 integrin and anti-laminin and monoclonal rat anti-�1 integrin anti-
bodies. The blots were reprobed with monoclonal mouse anti-GAPDH antibody as a protein
loading control. Molecular mass is in kilodaltons.

Figure 6. PMP22 is in a complex with �6�4 integrin and laminin. Sciatic nerve lysates (T
lanes) from P21 �/� mice were processed for IP, after preclearing (PC lanes) with nonspecific
Igs of the appropriate isotype. Lysates were incubated with polyclonal rabbit anti-�4 integrin
(A, left, C), anti-PMP22 (A, right), monoclonal rat anti-�6 integrin (B, left), or polyclonal rabbit
anti-laminin (B, right) antibodies, and captured immunoprecipitates were probed for the indi-
cated proteins (A–C) as designated at the right of each blot. On reprobes (marked with aster-
isks), after stripping the membranes, the anti-�4 integrin and anti-laminin antibodies did not
work efficiently when 1 �g/lane total (T) nerve protein was analyzed. IP with anti-�4 integrin
on nerve lysates of homozygous PMP22-deficient mice is shown as a negative control (C).
Molecular mass is in kilodaltons. PMP, PMP22; Lam, laminin; �Dys, �-dystroglycan.
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high-resolution localization of target gene
expression (Valenzuela et al., 2003). The
�-gal reporter studies described here con-
firm and extend previous studies on the
expansive tissue distribution of PMP22
mRNA during embryonic development
and in the adult rodent (Baechner et al.,
1995; Parmantier et al., 1995, 1997). The
detection of �-gal in the aortic arch of the
heart (Fig. 2D) agrees with our findings on
the expression of PMP22 in a variety of
vascular tissue (Notterpek et al., 2001;
Roux et al., 2004). Other non-neural tis-
sues that show robust reporter expression
include the lungs, intestines, and cartilage.
The function of PMP22 at these locations
is not yet known, although frequent am-
plification and overexpression of PMP22
in high-grade osteosarcoma has been re-
ported recently (Huhne et al., 1999; van
Dartel and Hulsebos, 2004). In contrast,
the levels of PMP22 transcripts were re-
duced by �20-fold in urethane-induced
mouse lung tumors (Re et al., 1992). These
reports indicate that PMP22 may play cru-
cial roles in a variety of tissues, likely regu-
lating cell proliferation and differentia-
tion. Nonetheless, whereas homozygous
PMP22�/� mice consistently show post-
natal growth retardation, the gross patho-
logical alterations are limited to myelin-
ated peripheral nerves. These data may
indicate a particular sensitivity of SCs to
PMP22 expression and/or the existence of
compensatory mechanisms in other
tissues.

Phenotypically, PMP22�/� mice dis-
play a severe neuropathy that is apparent
by the third week after birth. The periph-
eral nerves contain an excess number of
SCs and show delayed myelination, as well
as hypermyelination of individual axons
(Figs. 3, 4). These abnormalities are in
agreement with data from young PMP22-
deficient (Adlkofer et al., 1995) and
PMP22 overexpressor (Magyar et al.,
1996; Robaglia-Schlupp et al., 2002) mice.
In nerves of PMP22-deficient and over-
producer mice, prominent pockets of
basal laminas surrounding hypomyeli-
nated axons were also described previously
(Magyar et al., 1996; Adlkofer et al., 1997),
but the molecular mechanisms underlying
these changes were not addressed. Simi-
larly, inaccurate SC–axon interactions and redundant basal lam-
ina were noted in Trembler J mice (Robertson et al., 1997, 1999),
which carry a Leu16Pro mutation in the first transmembrane
domain of PMP22 (Suter et al., 1992). The described abnormal-
ities in the nerves of �/� mice (Figs. 4 –7), together with our
findings in an epithelial wound healing model (Roux et al., 2005),
suggest a direct role for PMP22 in mediating the interactions be-
tween cells and the ECM. Cell–matrix interactions can influence cell
shape, which is profoundly modulated by PMP22 (Brancolini et al.,

1999; Roux et al., 2005). In fibroblasts and SCs, the overexpression of
PMP22 induces membrane blebbing and regulates cell spreading
(Brancolini et al., 2000), whereas in MDCK (Madin-Darby canine
kidney) epithelial monolayers it leads to a flattened morphology
(Roux et al., 2005). Changes in cells shape, as well as actin remodel-
ing, are prerequisites for myelinogenesis in the PNS (Bunge et al.,
1989; Fernandez-Valle et al., 1997). Therefore, based on the de-
scribed biological effects of PMP22, it is expected that in its absence,
SC differentiation and myelination are delayed (Fig. 4).

Figure 7. Coexpression of PMP22 and integrins during myelination. A, Sciatic nerve cryosections from 3-month-old �/�
mice were labeled with monoclonal rat anti-�4 and polyclonal rabbit anti-PMP22 antibodies and examined by confocal micros-
copy. The merged single plane image reveals the partial colocalization (merge, yellow) of �4 integrin (green) and PMP22 (red).
Scale bar, 5 �m. Nonspecific rat (rt) and rabbit (rb) sera (bottom insets) serve as controls for staining specificity. B, Entire protein
lysates of P1, P3, P8, and P21 sciatic nerves (10 �g/lane) from �/� mice were analyzed with anti-PMP22 and anti-�4 integrin
antibodies. The arrows indicate the migration of �4 integrin at �200 kDa (top) and of PMP22 at �22 kDa (bottom), whereas the
arrowhead marks a nonspecific immunoreactive band. C, Cell-surface biotinylation of myelinating DRG–SC cocultures identifies
�4 integrin and PMP22 in the avidin pull down (AP), from which actin is excluded. Total lysate (T) and agarose bead preclear (PC)
fractions are also shown. Molecular mass is in kilodaltons. PMP, PMP22.

Figure 8. PMP22 and �4 integrin are coimmunoprecipitated from clone A cells. A, B, Epitope (myc)-tagged hPMP22 was
expressed in clone A cells, and samples were double immunolabeled with anti-�4 (A) and anti-myc (B) antibodies. C, As the
merged image reveals, hPMP22 is targeted to the �4 integrin-positive plasma membrane of the cells (A–C, arrows). Scale bar, 10
�m. D, Vector control and hPMP-myc-expressing clone A cells were lysed and processed for IP with the indicated antibodies. The
precipitates were subsequently probed for the marked proteins by Western blot. The arrows on the right indicate the overex-
pressed glycosylated PMP22 (�22 kDa) and the endogenous �4 integrin (�200 kDa). The arrowheads point at the position of
the deglycosylated �18 and �190 kDa forms. Molecular mass is in kilodaltons. T, Total lysate; PC, preclear.
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Laminins are major components of the basal lamina and
known mediators of SC differentiation, axon myelination, and
regeneration in the PNS (Chen and Strickland, 2003). In agree-
ment, the ablation of specific laminin chains alters SC prolifera-
tion, which in turn prevents the defasciculation and myelination
of peripheral nerves (Colognato et al., 2005). In addition to inte-
grins, laminins bind a variety of adhesive molecules that carry the
L2/HNK1 carbohydrate adhesion recognition epitope (Schmidt
and Schachner, 1998). PMP22 contains this epitope (Snipes et al.,
1993); therefore, it may directly bind laminin. The glycosylation
consensus sequence at asparagine 41, which bears this epitope, is
conserved among members of the PMP22 gene family and across
species as distant as zebrafish (Taylor et al., 1995; Wulf et al.,
1999). This carbohydrate modification of PMP22 is involved in
the stabilization of PMP22 homodimers (Tobler et al., 1999) and
in the cell spreading effects (Brancolini et al., 1999, 2000), but not
in the trafficking of the protein to the SC membrane (Ryan et al.,
2000), or in the interaction with protein zero (Hasse et al., 2004).
The L2/HNK-1 epitope can also modulate the heterophilic inter-
action of some nervous system molecules, including �1�1 inte-
grin and laminin (Pesheva et al., 1987; Lallier and Bronner-
Fraser, 1992). Additional studies will determine whether PMP22
has the ability to directly bind laminin and whether this interac-
tion depends on its carbohydrate moiety.

Similar to laminins, abnormal expression of integrins is asso-
ciated with degenerative, inflammatory, and malignant disorders
of the PNS, suggesting a key role for these molecules in nerve
biology (Previtali et al., 2001). The �6�1 integrin dimer is prom-
inent during the promyelinating stage, and its expression influ-
ences the migration of mouse SCs in vitro (Milner et al., 1997).
The conditional disruption of �1 integrin in SCs is associated
with dysmyelination, loose, undulating basal lamina, and aber-
rant SC morphology (Feltri et al., 2002). The observed defects in
the basal lamina of PMP22�/� nerves are comparable to those
seen in this �1 integrin-deficient model (Feltri et al., 2002). Dur-
ing early postnatal development, the �6�4 dimer becomes prev-
alent and is thought to be involved in myelinogenesis (Previtali et
al., 2001). Because mice lacking �4 integrin die shortly after birth,
developmental studies of myelination are not feasible. However,
DRG neuron cultures established from these mice can be induced
to form myelin and have a continuous basal lamina, suggesting
that �4 integrin is not essential for myelination (Frei et al., 1999).
Because �6 integrin can dimerize with �1, in the absence of �4,
an �6�1 dimer may compensate for the �6�4 complex. Alterna-
tively, �4 integrin may have effects on myelination later in devel-
opment that cannot be evaluated in the currently available
�4�/� mice. In a recent report, �7�1 integrin was shown to be
dispensable for peripheral nerve development and myelination
(Previtali et al., 2003). Together, these findings indicate a redun-
dancy in the integrin pathways and suggest that, under certain
conditions, they may compensate for one another.

The recognition of PMP22 as a binding partner for the inte-
grin/laminin complex is not unexpected. Previous studies have
identified three PMP22-like tetraspan proteins: oligodendrocyte-
specific protein (OSP), epithelial membrane protein 2 (EMP-2),
and proteolipid protein (PLP) that interact with integrins. OSP
and OSP-associated protein form a complex with �1 integrin and
regulate the migration of oligodendrocytes (Tiwari-Woodruff et
al., 2001). EMP-2, a PMP22 family member, interacts with �6�1
integrin and mediates the adhesion of 3T3 fibroblasts to ECM
proteins (Wadehra et al., 2002). PLP, a constituent of CNS mye-
lin, forms a complex with �v integrin, which appears to be im-
portant for the binding of fibronectin to oligodendrocytes (Gudz

et al., 2002). The interaction with the integrins provides PMP22
with the ability to modulate the cell–ECM communications, as
well as intracellular events. Signaling between the ECM and the
intracellular compartment is essential for SC myelination, as well
as cellular differentiation and motility, in general. Independently,
both integrins and PMP22 have been shown to modulate these
physiological functions (Murgia et al., 1998; Rabinovitz and Mer-
curio, 1997; Danen and Sonnenberg, 2003; Roux et al., 2005);
however, in the case of PMP22, the underlying molecular events
are yet to be elucidated.

The results described here place PMP22 in a complex with
�6�4 integrin and laminin in SCs and in a colonic carcinoma cell
line. The identification of PMP22 as a binding partner for an
integrin signaling complex provides a major step toward under-
standing the role of this disease-linked molecule in the nervous
system and in non-neural cell types.
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