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Abstract

Peripheral nerve injury often causes neuropathic pain and is associated with changes in the expression of numerous
proteins in the dorsal horn of the spinal cord. To date, proteomic analysis method has been used to simultaneously
analyze hundreds or thousands of proteins differentially expressed in the dorsal horn of the spinal cord in rats or
dorsal root ganglion of rats with certain type of peripheral nerve injury. However, a proteomic study using a mouse
model of neuropathic pain could be attempted because of abundant protein database and the availability of transgenic
mice. In this study, whole proteins were extracted from the ipsilateral dorsal half of the 4™-6™ lumbar spinal cord in a
mouse model of spared nerve injury (SNI)-induced neuropathic pain. In-gel digests of the proteins size-separated on a
polyacrylamide gel were subjected to reverse-phase liquid-chromatography coupled with electrospray ionization ion
trap tandem mass spectrometry (MS/MS). After identifying proteins, the data were analyzed with subtractive
proteomics using ProtAn, an in-house analytic program. Consequently, 15 downregulated and 35 upregulated
proteins were identified in SNI mice. The identified proteins may contribute to the maintenance of neuropathic pain,
and may provide new or valuable information in the discovery of new therapeutic targets for neuropathic pain.
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Introduction

Various peripheral nerve injuries often result in the
development of chronic neuropathic pain, which can be
characterized by spontaneous pain, allodynia and
hyperalgesial'l. The development and maintenance of
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neuropathic pain critically involve the immediate and
delayed central mechanisms in the spinal cord,
associated with peripheral mechanisms'?. The central
mechanisms relate to hypersensitive responses of spinal
dorsal horn (DH) neurons to stimuli; therefore, the
biochemical molecules that contribute to DH hypersen-
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sitivity have been researched intensely. Following
peripheral nerve damage, the persistent activity of, or
the release of neurotransmitters and proinflammatory
cytokines from the central terminals, of dorsal root
ganglion (DRG) neurons drives abnormal gene and
protein expression in the spinal DH''!. These processes
support the hypersensitive state of the spinal DH,
described as "central sensitization"!>). Therefore, iden-
tifying proteins with altered expression in the DH
following peripheral nerve damage is essential to
elucidate the central mechanisms of neuropathic pain.

Western blotting method and immunohistochemistry
are commonly used to identify and quantify changes in
protein expression in neuropathic pain; however, they
are limited by the inability to assess a large number of
proteins simultaneously. Proteomic techniques solve
this problem by allowing simultaneous analysis of
hundreds or thousands of proteins™!. Until now, only a
few studies have used a proteomic approach to identify
spinal cord or DRG proteins; the majority of them use
rat models of neuropathic pain'*®!. Nonetheless,
considering abundance of protein database and avail-
ability of transgenic mice, a proteomic study using a
mouse model could provide more valuable information
in neuropathic pain studies.

We sought to elucidate changes in the proteomic
profile of the dorsal spinal cord using the mouse spared
nerve injury (SNI) model of neuropathic pain® by
performing tandem mass spectrometry (MS/MS)
coupled to liquid chromatography (LC) analysis.
Consequently, we identified proteins specific to either
sham or SNI mice, which could be further interpreted as
decreased or increased expression following surgical
nerve injury, respectively.

Materials and methods

SNI-induced neuropathic pain in mice

Eight-week-old male C57BL/6 mice (Japan SLC Inc.,
Shizuoka, Japan) were used. All experiments were
approved by the Institutional Animal Care Committee
of Kyungpook National University (KNU 2009-38) that
follows the guidelines of the International Association
for the Study of Pain. The mouse SNI model was
created as previously described™. Briefly, mice were
anesthetized with isoflurane (3% for anesthesia induc-
tion; 2% for maintenance), and the three peripheral
branches (common peroneal, tibial, and sural nerves) of
the sciatic nerve were carefully exposed in the left hind
limb without disturbing the sural nerve. Both common
peroneal and tibial nerves were ligated tightly and
transected distally, and a 2-mm section of the two nerves
was removed. Exposure of the three branches of the

sciatic nerve occurred during sham control surgery,
without ligation or transection. To identify the devel-
opment of mechanical allodynia in sham and SNI mice,
the lateral region of the left hind paw plantar surface
was stimulated with calibrated von Frey monofilaments
(0.008-4.0 g; Stoelting Co., Wood Dale, IL, USA). A
score of two paw withdrawal responses out of ten
stimuli was classified as a ‘positive’ response to a
certain von Frey monofilament.

Sample preparation and proteomic analysis

After the heart was perfused with cold phosphate-
buffered saline (PBS), the lumbar segment (L4-L6) of
the spinal cord was dissected out by laminectomy. The
ipsilateral dorsal half of the lumbar segment, including
the spinal DH, was used for protein extraction. The
protein concentration in the supernatant was assessed
with a protein assay kit, using bovine serum albumin as
the standard. Total proteins were separated by size using
sodium dodecyl sulfate-polyacrylamide gel electrophor-
esis (SDS-PAGE) with Coomassie blue staining, and
each protein lane was cut into 15 gel pieces. Following
this, the gel pieces were de-stained by incubation
75 mmol/L ammonium bicarbonate/40% ethanol (1:1),
reduced with 5 mmol/L 1,4-dithiothreitol (DTT) (60°C
for 30 minutes), alkylated with 55 mmol/L iodoaceta-
mide (room temperature for 30 minutes), and proteo-
lyzed with 20 pg/mL modified sequencing grade trypsin
(37°C overnight; Roche Applied Science). The tryptic
peptide mixture was eluted from the gel with 0.1%
formic acid and subjected to reverse-phase liquid-
chromatography coupled with electrospray ionization
(ESI) ion trap mass spectrometry (LC-MS/MS). Mass
spectrometry was performed with ion-trap mass spectro-
meters (LTQ; Thermo Fisher Scientific, Waltham, MA,
USA). The peptides were eluted onto reversed-phase
(RP) Pico Frit columns packed in-house with C18 and
then separated on an RP column by gradient elution.
The solutions used as the mobile phases were H,O (A)
and acetonitrile (B), both containing 0.1% v/v formic
acid. The gradient was started at 2% B, reaching 60% B
in 50 minutes, 80% B in the next 5 minutes, and 100%
A in the final 15 minutes.

All MS/MS data for the first sample set (sham #1 and
SNI #1) were searched against the mouse International
Protein Index (IPI) database (Version 3.15 consisting of
58,099 protein entries) using the SEQUEST algorithm
(Thermo Fisher Scientific, Waltham, MA, USA) in
BioWorks (version 3.2). Protein identification was done
based on the corresponding peptide identification. After
identifying proteins, the data were analyzed with
subtractive proteomics using ProtAn, an in-house
analytic program. Tandem mass spectra for the second
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sample set (sham #2 and SNI #2) were extracted by
Sorcerer (version 3.4p2). Charge state deconvolution
and deisotoping were not performed. All MS/MS
samples were analyzed using SEQUEST (Thermo
Fisher Scientific, Waltham, MA, USA; version 27,
rev. 11). Finally, results were imported into Scaffold
(version Scaffold-01 07 00, Proteome Software Inc.,
Portland, OR, USA) for protein identification. The
identification of peptides was accepted if they could be
established at a probability greater than 95.0%, as
specified by the Peptide Prophet algorithm!'®’. Protein
probabilities were assigned by the Protein Prophet
algorithm!"'"! and contained at least 2 identified peptides.
Proteins that contained similar peptides and could not be
differentiated based on MS/MS analysis alone were
grouped to satisfy the principles of parsimony.

Results

To elucidate the proteomic profile of the spinal DH in
a mouse SNI model of neuropathic pain'®), we extracted
whole proteins from the ipsilateral dorsal half of the L4—
6 spinal cord after the full development of neuropathic
pain behavior at 9 days post-SNI surgery (Fig. 14 and
B). The extracted protein sample from each mouse was
resolved by SDS-PAGE, and each gel was cut into 15
pieces (Fig. 1C). From all MS/MS data of the first
sample set, we identified 701 and 775 proteins from
sham (control) #1 and SNI #1 samples, respectively.
There were 146 and 220 proteins identified in sham #1
or SNI #1 alone, respectively (Fig. 24). From all MS/
MS data from the second sample set, 783 and 895
proteins were identified from sham #2 and SNI #2,
respectively, with 128 and 240 proteins identified in

sham #2 and SNI #2 alone, respectively (Fig. 2A4).
Finally, we compared the proteins found only in sham
#1 and #2, and found 15 proteins as their intersection.
Similarly, the intersection of SNI#1 and #2 samples was
35 proteins. Proteins found in sham and SNI mice alone
are based on a detection limit calculated by changes in
expression due to SNI surgery; therefore, these results
suggested that the 15 proteins found in the sham
samples were downregulated (Table I). Similarly, the
35 proteins detected in the SNI samples were likely to
be upregulated by SNI (Zable 2).

Subcellular localization and function of the proteins
are shown in Fig. 2B. Most of detected proteins in both
sham and SNI groups are cytoplasmic proteins, and the
rest of proteins are categorized into endoplasmic
reticulum, cell membrane, mitochondria or nucleus
groups (a and b in Fig. 2B), thus showing a similar
distribution in both groups. On the other hand, there was
a discrepancy in the distributions for functions of
proteins. For example, proteins relating antioxidant and
nucleic acid binding were found only in the sham group,
whereas those relating cell adhesion and neurite growth
inhibition only in the SNI group (c and d in Fig. 2B).

Discussion

The present study, using proteomic analysis, identi-
fied 35 differentially expressed proteins in the dorsal
spinal cord 9 days after SNI surgery in mice, and 15
differentially expressed proteins in that of sham-
operated control mice. The lists were obtained by
duplicate sampling from two different mice for each
group. Because a detection limit determines the
presence of proteins in each group, the 15 proteins
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Fig. 1 Preparation of protein samples for proteomic analysis from the dorsal spinal cord of sham or mice with spared nerve injury
(SNI). A: Diagram of SNI surgical regions showing the sciatic nerve, its branches and dorsal root origins. After tightly ligating the common
peroneal and the tibial nerves, the ligated nerves are transected distally and a 2 mm section is removed. The sural nerve should be spared and
completely intact. B: Mechanical allodynia developed in the SNI group post operation (PO; days). C: Protein extracts from the ipsilateral dorsal
half of the spinal cord in two sham and two SNI mice were subjected to SDS-PAGE with Coomassie blue staining.
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Fig. 2 Identified proteins down- or upregulated in a mouse SNI model of neuropathic pain. A: Venn diagrams show the number of
proteins identified in either sham, SNI, or both mice. There were 146 and 220 proteins identified in sham and SNI #1, respectively (a); 128 and
240 proteins were identified in sham and SNI #2 (b). We identified 15 proteins present in both sham #1 and #2(c). We identified 35 proteins
present in both SNI#1 and #2 (d). B: Subcellular localization (a, sham; b, SNI) and functional distribution (c, sham; d, SNI) of the 15 (sham) and
35 (SNI) identified mouse spinal dorsal horn proteins in the sham and SNI groups, respectively.

detected only in the sham samples can be interpreted as Western blot and immunohistochemistry analyses in the
downregulated proteins by SNI, and the 35 proteins spinal DH, it provides a novel protein list for exploring
only in the SNI samples as upregulated proteins by SNI. new targets to treat neuropathic pain.

Although this list needs to be further compared with Recently, proteomic approaches have been attempted
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Table 1 List of fifteen down-regulated proteins after SNI.
. Total peptide
IPL accession Protein Name Symbol  Coverage (%) Bioworks M.W. Function summary
number Sorcerer
(score)
1P100469952  Isoform 1 of periaxin* Prx 6.40 12 7 (40.22) 147668.8 Structural protein
1P100223331  Isoform 2 of periaxin* Prx 18.20 4 5(20.18) 16106.4  Structural protein
IP100128454  Seizure related 6 homolog like 2 Sez612 3.47 3 3 (20.14) 99061  Structural protein
IP100338983 C““‘“"Tass““ated protein 1 apl 2.96 5 3(2021)  156467.5 Signal transduction
precursor
1PI00454016  -/Adenosylmethionine synthetase /., 6.08 2 2(1021)  43671.1 Metabolic enzyme
isoform type-2*
100121833 o Ketoacyl- Co A thiolase A, perox- ) 6.13 3 3(20.19) 439352 Metabolic enzyme
isomal precusor
IPI00555059  Peroxiredoxin-6* Prdx6 10.79 2 2 (10.28) 24853.7 Antioxidant
1P100331444  Importin-7* Ipo7 2.79 3 4 (28.21) 119865.8 Nucleic acid binding
IP1I00121758  Tar DNA-binding protein 43 Tardbp 9.42 5 2 (10.24) 44529.5 Nucleic acid binding
IPI00555125  Kinesin family member 5b Kif5b 3.01 3 2 (10.17) 109534.6 Motor protein
IP100136251 '23 NAThomolog subfamily a member .. 12.90 7 3(20.16)  45727.6 Cell growth
IPI00131138  Isoform lof filamin-A Flna 1.17 2 2 (10.16) 281166.5 Channel
1P100322209  Keratin, type II cytoskeletal 8 Krt2-8 7.96 2 2 (16.18) 54549  Unknown
1P100227140  Keratin, type I cytoskeletal 14 Krtl-14 4.96 3 2 (20.15) 52850.1 Unknown
1P100387421  Wd repeat protein 37 Wdr37 5.44 2 2 (10.21) 55027.5 Unknown
*Bolds are discussed in the text.

to identify spinal cord or DRG proteins in rat models of
neuropathic pain. Chronic constriction-induced sciatic
nerve injury (CCI) regulated 5 proteins in the rat spinal
cord”. In addition, 38 proteins were identified as
differentially expressed in the rat dorsal spinal cord
following spinal nerve ligation (SNL)-induced periph-
eral nerve injury!®. In the DRG, approximately 1,300
protein spots have been detected, and 67 proteins of
these were tightly modulated by SNL injury®. The
proteins reported rarely overlap in these studies or with
our study, suggesting that proteomic data could vary
depending on the species used and injury type. In
addition, experimental schemes, such as sampling area
(whole or dorsal spinal cord), time points, and
proteomic tools, could affect the proteomic data
produced. To ensure consistency of animal-to-animal
and batch-to-batch samples, we used two animals in
each group and only proteins found in both animals
were regarded as positive identification.

Among the 15 proteins identified in the sham group,
periaxin is a cytoskeleton-associated protein of myeli-
nating Schwann cells!'?! and plays a key role in
stabilization of the myelin sheath in the subsequent
stage of myelination!"). Recently, it has been demon-
strated that mice lacking the periaxin gene develop late-
onset demyelination, slower electrical conduction of

sciatic nerves, and neuropathic pain behaviorst'*.

Interestingly, proteomic analysis of the DRG showed
downregulation of the periaxin protein in a rat SNL
model of neuropathic pain*. Demyelination of periph-
eral nerves gives rise to neuropathic pain behaviors''>';
therefore, the downregulation of spinal periaxin may
contribute to development of neuropathic pain.

Contactin-associated protein (Caspr) 1 precursor,
which exists as a complex with contactin and is
enriched in the paranodal region of mature myelinated
axons in the central (CNS) and peripheral nervous
system!'®'7], was also downregulated by SNI. Caspr is
important during myelination and in the maintenance of
myelination!'® 7). Recently, it has been shown that the
expression of Caspr is reduced in the axons of
demyelinating lesions in patients with multiple sclero-
is''®! and in lesions in infraorbital nerve injury!®.
Therefore, the downregulation of Caspr precursors in
the present study may result from demyelination
following peripheral nerve injury and contribute to the
induction or maintenance of neuropathic pain.

Among the metabolic enzymes downregulated by
SNI, S-adenosylmethionine synthetase (isoform type-
2), also called methionine adenosyltransferase Ila, is
known to catalyze the formation of S-adenosylmethio-
nine from methionine and ATP. It has been reported that
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Table 2 List of thirty five up-regulated proteins after SNI

Total peptide
IPI accession

Protein Name Symbol Coverage (%) i M.W. Function summary
number Sorcerer Bioworks
(score)
1P100623371 Brevican* Bcan 4.19 6 3(20.24) 95995.5  Cell growth
COP9 (constitutive
1P100123465 photomorphogenic) homolog, Cops7a 3.28 3 2 (20.26) 30206.6 Cell growth
subunit 7a (Arabidopsis thaliana)
1P100270767 Isoform 2 of Reticulon 4* Rtn4 2.49 5 3 (30.18) 126669.1 Neurite growth inhibitor
prooi2137g  Activated leukocyte cell Alcam 6.69 4 5(30.17) 650754 Cell adhesion
adhesion molecule*
Potassium voltage-gated
1P100129774 channel, shaker-related Kcna2 5.81 2 4 (10.20) 56684.5 Channel
subfamily, member 2
Solute carrier family 6 Neurotransmitter
1P100122101 (neurotransmitter transporter, Slc6a9 3.46 4 3 (10.13) 70916.2
. transporter
glycine), member 9
1P100323911 Glutathione S-transferase, a4*  Gsta4 11.30 3 3 (20.15) 25547.2 Metabolic enzyme
IP100468688 Threonyl-tRNA synthetase Tars 3.32 3 2 (20.18) 83340.1 Metabolic enzyme
IPI00406639 ~ “denosine monophosphate Ampd2 3.89 2 2(20.15)  92007.7 Metabolic enzyme
deaminase 2 (isoform L)
Succinate dehydrogenase
1P100338536 complex, subunit B, iron sulfur Sdhb 11.30 8 3 (20.16) 31797  Metabolic enzyme
(p)
Propionyl-Coenzyme A .
IP100330523 . Pcca 3.32 2 4 (40.17) 79903.9 Metabolic enzyme
carboxylase, o polypeptide
Acyl-CoA synthetase .
1P100330302 short-chain family member 2 Acss2 3.98 2 2 (20.14) 79002.3 Metabolic enzyme
1PI00230754  Selute carrier family 25, Slc25al 7.01 2 7(4021) 341383 Metabolic enzyme
member 11
Expressed in non-metastatic .
1P100131459 . Nmel 12.5 3 2 (10.21) 17190  Metabolic enzyme
cells 1, protein
IPI00111981 RIKEN cDNA 2810409H07 28104Q9H0_ 7.07 2 2 (10.18) 44713.4 Metabolic enzyme
gene 7Rik
1100330476 CYioplasmic FMRUinteracting . g ) 423 3 2(20.17)  145227.6 Cytoskeleton
protein 1
1P100118120 Myosin Va MyoSa 0.81 3 5(30.19) 215585  Motor protein
1PI00114894  Myosin heavy polypeptide 11,y 2.9 5 2(20.15) 2270152 Motor protein
smooth muscle
1P100114409 Clathrin light polypeptide (Lca) Clta 7.66 3 4 (30.19) 25539.1  Signal transduction
IPI00116554  Lrotein tyrosine phosphatase, Ptpnl1 3.85 2 5(30.14)  68442.1 Signal transduction
non-receptor type 11
1P100109212 Sorting nexin 2 Snx2 7.49 4 4(20.21) 58624.5 Signal transduction
1P100130045 Phospholipase C, p1* Plcbl 2.06 3 2 (10.22) 138311.3 Signal transduction
1P100314844 Protein tyrosine kinase 9 Ptk9 8.0 2 2 (10.28) 40062.6  Signal transduction
IPI00115680 g(r)‘l’fg kinase C substrate Prkesh 442 2 2(10.16) 587748 Signal transduction
1PI00120414  DnaJ (Hspd0) homolog, Dnaja3 7.46 2 2(20.19) 468297 Apoptosis signal
subfamily A, member 3 transduction
SGT1, suppressor of G2 allele Proteolysis/
IP100408957 of SKP1 (S. cerevisiac) Sugtl 11.9 4 2(10.22) 38141.9 Ubiquitination
p00127172  DEAD (Asp-Glu-Ala-Asp) Ddx! 3.24 3 4(30.15)  82483.1 RNA processing

box polypeptide 1
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Table 2 List of thirty five up-regulated proteins after SNI (continued)
. Total peptide
IPL accession Protein Name Symbol Coverage (%) Bioworks M.W. Function summary
number Sorcerer
(score)

Phosphatidylinositol-specific

IP100308851 phospholipase C, X domain Plexd3 10.30 2 2 (10.24) 36296.3  Unknown
containing 3

IP100605677 Dmx-like 2 DmxI2 1.18 3 5(40.21) 322567.7 Unknown

IPI00125154  Lrotein tyrosine phosphatase, Piprzl 3.54 9 6(40.19) 175175 Unknown
receptor type Z, polypeptide 1

PI00124979 A binding motif protein, Rbmx 6.14 4 2(10.24) 422847 Unknown
X chromosome

1P100339468  DEAH (Asp-Glu-Ala-His) Dhx9 2.60 3 3(20.19) 1496043 Unknown
box polypeptide 9

IP100403618 RIKEN ¢DNA 6330407123 63304(.)”23_ 243 2 8 (50.18) 103464.3 Unknown
gene Rik

pI00111166  aloacid dehalogenase-like Hdhd2 11.20 4 4(2028)  28713.1 Unknown
hydrolase domain containing 2

IPI00135686 Peptidylprolyl isomerase B Ppib 12 2 2 (10.15) 23695.8  Unknown

*Bolds are discussed.

S-adenosylmethionine synthetase is sensitive to active
oxygen and nitrogen species and regulates the con-
sumption of ATP in the liver, thus preserving cellular
viability under different stress conditions*”). Reactive
oxygen species (ROS) in the spinal DH are thought to
contribute to neuropathic paint?' %!, Interestingly,
peroxiredoxin-6 was also downregulated by SNI in
the present study. Peroxiredoxin-6 reduces hydrogen
peroxide or other hydroperoxides to water or their
corresponding alcohols during the oxidation of glu-
tathione*”). Therefore, the downregulation of two
proteins above suggests a less protective environment
in the spinal DH against the overproduction of oxygen
free radicals in neuropathic pain!?!.

The nucleic acid binding proteins identified in the
sham group included importin-7. Importin-7 binds to
the transcription factor c-Jun which is phosphorylated
and activated by c-Jun N-terminal kinase (INK)PH,
promoting neuropathic pain via upregulation of mono-
cyte chemoattractant protein (MCP)-11%°1, Therefore, it
would be interesting to assess whether the down-
regulation of importin-7 plays a role in JNK-MCP-1
signaling in neuropathic pain.

Of the 35 proteins identified in the SNI samples,
brevican, a chondroitin sulfate proteoglycan, is an
extracellular matrix molecule that is widely expressed
throughout the developing and adult CNS. After spinal
cord injury, neurocan, brevican and versican immuno-
labelings are increased within days in the injured spinal
cord parenchyma surrounding the lesion site with
expression peaking at 2 weeks post-injury?® 27,
However, the total expression level of brevican protein

is decreased in the broad epicenter area of the injured
spinal cord, or is not significantly changed in the distant
above- or below-levels of the injured spinal cord?”),
indicating an area-specific change in the expression
level of brevican. In addition, the proteoglycan, DSD-1-
PG, is upregulated within the denervated outer
molecular layer after lesioning of the entorhinal cortex
and contributes to the re-patterning process®®l. There-
fore, the upregulation of brevican by SNI may be related
to a molecular process that induces structural reorgani-
zation in the spinal cord after peripheral nerve injury!**’.

Reticulon-4 (known as Nogo) is expressed as one of
three isoforms, Nogo-A (isoform 1), Nogo-B (isoform
2) and Nogo-C (isoform 3), by transcriptional processes
and alternative splicing’®®!. Nogo-A mediates the
inhibition of axonal outgrowth in the CNS, including
the spinal cord™!!. Recently, it has been shown that the
expression of Nogo-A is increased in the injured spinal
cord®?! indicating its role in structural plasticity®*].
Therefore, it would be interesting to assess whether the
upregulation of reticulon-4 isoform 2 (Nogo-B) that was
shown in the present study, also plays a role in axonal
sprouting and targeting of primary afferents following
peripheral nerve injury'*”), in addition to neuropathic
pain.

Activated leukocyte cell adhesion molecule
(ALCAM) is a member of the immunoglobulin super-
family. It is a CD6 ligand expressed on activated
leukocytes, lymphocytes and monocytes®>*. Currently,
there is no literature regarding the role of ALCAM in
neuropathic pain; however, its expression is increased in
active multiple sclerosis and experimental autoimmune
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encephalomyelitis lesions, and its upregulation facil-
itates leukocyte invasion into inflamed CNS tissues'>>!.
Leukocyte invasion occurs in the spinal cord DH
following peripheral nerve injury'*®l. Therefore, the
upregulated ALCAM that we have found in this
proteomic study may contribute to neuropathic pain at
a certain stage of its development.

Among metabolic enzymes identified in the SNI
samples, glutathione S-transferase A4 (GSTA4) is
important for scavenging electrophilic substrates, such
as hydroperoxides and ROS, by catalyzing glutathione
conjugation®”]. Interestingly, GST was increased in the
spinal cord after CCI®®), which is in agreement with our
proteomic results. Therefore, the upregulation of
GSTA4 could be related to the outcome of neuropathic
pain development.

Recently, it has been shown that SNI induces
expression of phospholipase (PLC) B3 in mouse and
human DRG neurons with mainly small and non-
peptidergic phenotypes; systemic treatment with the
PLC inhibitor U73122 increases the pain threshold in
mice in a rapid and long-lasting (48 hours) manner®*..
Therefore, the upregulation of PLCB1 that was shown in
this study may contribute to neuropathic pain following
SNI.

In conclusion, our proteomic data provide the
expression pattern of dorsal spinal cord proteins,
which have diverse functions, such as cell/neurite
growth, cell adhesion, structure, channels, transporters,
metabolism, signal transduction, following SNI. Parti-
cularly, as mentioned above, proteins regulated by the
SNI are related to functional roles in anti-oxidation (S-
adenosylmethionine synthetase, peroxiredoxin-6,
GSTA4), axon regeneration/myelination (periaxin,
Caspr 1 precursor, brevican, reticulon-4), leukocyte
invasion (ALCAM), and signal transduction (importin-
7, PLCPB3). Some of the proteins that were identified in
sham or SNI mice may be important new therapeutic
targets for neuropathic pain. This should be assessed
with future systemic studies.
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