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Phenotypic modification of dorsal root ganglion (DRG) neurons
represents an important mechanism underlying neuropathic pain.
However, the nerve injury-induced molecular changes are not fully
identified. To determine the molecular alterations in a broader
way, we have carried out cDNA array on the genes mainly made
from the cDNA libraries of lumbar DRGs of normal rats and of
rats 14 days after peripheral axotomy. Of the 7,523 examined
genes and expressed sequence tags (ESTs), the expression of
122 genes and 51 expressed sequence tags is strongly changed.
These genes encompass a large number of members of distinct
families, including neuropeptides, receptors, ion channels, signal
transduction molecules, synaptic vesicle proteins, and others. Of
particular interest is the up-regulation of �-aminobutyric acidA

receptor �5 subunit, peripheral benzodiazepine receptor, nicotinic
acetylcholine receptor �7 subunit, P2Y1 purinoceptor, Na� channel
�2 subunit, and L-type Ca2� channel �2�-1 subunit. Our findings
therefore reveal dynamic and complex changes in molecular di-
versity among DRG neurons after axotomy.

Neuropathic pain is caused by nervous system lesions, persists
long after the initiating event has healed, and may result

from a pathological operation of the nervous system. Available
therapies are often inadequate. Therefore, it is essential to
identify the molecular changes that may lead to neuropathic
pain, both for understanding underlying mechanisms and devel-
oping new therapies.

The peripherally axotomized animal represents one model to
study the mechanisms of neuropathic pain (1). After the finding
that vasoactive intestinal polypeptide is up-regulated after axo-
tomy (2), many subsequent studies have reported dramatic
changes in individual molecules in dorsal root ganglion (DRG)
after nerve injury, and some molecules are implicated in gen-
eration and maintenance of pain (3–5). For example, down-
regulation of �-opioid receptor and up-regulation of cholecys-
tokinin B receptor (6, 7) may contribute to the attenuated
analgesic effect of opioids in neuropathic pain. Up-regulation of
adrenoreceptor �2A (A-R�2A) and neuropeptide Y (NPY)
Y2-R enhances sympathetically maintained pain (8, 9). The
increase in Na� channel (Ch) III mediates ectopic activity in
injured neurons (10). Moreover, hyperalgesia appearing during
the course of nerve regeneration suggests a correlation between
regeneration and pain. Neurotrophins play important roles in
both nerve regeneration and regulation of the expression of
some neuropeptides and ion channels (11, 12). Taken together,
current knowledge suggests that changes in gene expression in
DRGs may contribute to the generation and development of
neuropathic pain. However, although in situ hybridization and
other methods have been extensively used to study the changes
of individual genes in DRG, a limiting factor with these methods
is the lack of a comprehensive overview of the alteration of gene
expression. Here, we took a broader approach, a cDNA array

(13), to gain a global view of the changes in gene expression in
DRGs after peripheral axotomy.

Materials and Methods
Animal Model and Tissue Preparation. The sciatic nerves of 150
Sprague–Dawley rats (�250 g) were transected bilaterally at
mid-thigh level. Fourteen days after axotomy, lumbar (L) 4 and
L5 DRGs of axotomized rats and 150 control rats were dissected
for cDNA library (Lib) construction and Northern blot. The left
sciatic nerves of another 100 rats were transected. The rats were
allowed to survive for 2, 7, 14, and 28 days (20 rats each group).
Then, L4 and L5 DRGs of these rats and of 20 normal rats were
dissected for cDNA array, reverse transcription (RT)-PCR and
in situ hybridization.

cDNA Lib Construction, DNA Sequencing, and Bioinformatics Analysis.
Total RNA was extracted with TRIzol reagent (Life Technol-
ogies, Rockville, MD). The mRNA was purified with an Oligotex
mRNA kit (Qiagen, Hilden, Germany). cDNA Libs were con-
structed by using Lambda ZAP II system (Stratagene). A total
of 11,910 clones was selected from the normal (5,724 clones) or
the axotomized (6,186 clones) DRG cDNA Lib. The clone was
sequenced from the 5� end with T3 primer or the 3� end with T7
primer. The qualified expressed sequence tags (ESTs) were
referred to those ESTs containing less than 3% ambiguous bases
and longer than 100 bp. These ESTs were subjected to BLAST
analysis. The EST was considered as part of a known gene if the
homology to the known gene was over 80%. The EST was
considered as part of known EST, if it shared 95% homology
with at least 100 bp of rat EST. The EST with no match to rat
EST was considered a novel EST. Clustering of the EST was
done with CAT3.2 (Pangea, Oakland, CA).

cDNA Array. The cDNA clones representing 6,509 genes and ESTs
were selected. All cDNA fragments were amplified by PCR with
T7 and T3 primers and verified by gel electrophoresis. PCR
products were purified, denatured, and spotted on 8 � 12-cm
Hybond-N nylon membranes by using BioGrid 0.4-mm 384-pins-
total array system arrayer (BioRotics, Cambridge, U.K.). Each
cDNA fragment was placed at two different spots. Glyceralde-
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hyde-3-phosphate dehydrogenase, pancreatic phospholipase A,
�-tubulin, ornithine decarboxylase, hypoxanthine phosphoribo-
syltransferase, and polyubquitin were spotted on the membrane
as reference genes. RT-PCR showed that the expression of these
genes was not changed after axotomy. Lambda phage and
pUC18 vector DNA were spotted as negative control. The array
membrane was named Rat 6.5k Array. Additionally, Atlas Rat
1.2 Array membranes containing 1,176 genes were purchased
from CLONTECH.

Probe labeling and hybridization were performed as described
in the CLONTECH Atlas cDNA Expression Arrays User Man-
ual (PT3140-1) with some modifications. The mRNA from each
group (200 ng for Rat 6.5k Array and 1 �g for Atlas Rat 1.2
Array) were labeled in a reverse transcription reaction in the
presence of 35 �Ci of [�-33P ]dATP (NEN). For Rat 6.5k Array
Oligo(dT) was used as a substitute for CDS Primer mix (CLON-
TECH), and SuperScript II RNase H� reverse transcriptase
(Life Technologies) was used. The hybridization signals were
scanned with a PhosphorImager (Molecular Dynamics) and
analyzed with ARRAYVISION 5.1 (Imaging Research, Ontario,
Canada). Each experiment was replicated at least 3 times.

The intensity of signal for reference genes was adjusted so that
the mean intensities for each membrane were equal. The nor-
malization was performed with ARRAYVISION 5.1 and presented
as normalized volume (nVol). To assess the reproducibility of
the normalized intensity, we compared the log2 (control�
axotomy nVol ratio) of the six reference genes between different
membrane sets. When the difference between normalized log-
arithmic ratio from three experiments was less than 1.0, we
defined the data as reproducible. The reproducibility was more
than 90% when the intensity of signal was above 0.01 nVol. The
nVol of each spot was averaged among the tests. Only those
genes with an over 2-fold change during at least one time interval
were considered to show prominent differential expression.

RT-PCR and Northern Blotting. Two hundred nanograms mRNA of
normal or axotomized DRGs were reverse transcribed to cDNA.
PCR products were analyzed on 2% agarose gel. Glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was used as an
internal control. 5� and 3� primers: potassium channel RCK4
(K� Ch RCK4), 5�-catggcataattgtggcgaa3�, 5�tcccatcacggca-
caattc-3�; NPY Y5-R, 5�-gctgtcgccatccagtaag-3�, 5�-ccagctt-
gaaatgcctattg-3�; Na� Ch �2 subunit (Na� Ch �2), 5�-
cttcaactcctgctataccgtg-3�, 5�-ggtctggagggttggtgat3-�; P2Y1
purinoceptor (P2Y1-R), 5�-gctctggccgactttttgta-3�, 5�-agccatac-
cagcacactgac-3�; GAPDH, 5�-atctccgccccttccgct-3�, 5�-ttgaagtca-
caggagacaacct-3�.

For Northern blot, 15 �g of total RNA of normal and
axotomized DRGs were separated and blotted to the nylon
membrane. The probes were labeled at the 3� end by
[�-32P]dATP (NEN) by using terminal deoxynucleotidyl trans-
ferase (Amersham Pharmacia Biotech, Piscataway, NJ) and
purified. The filters were hybridized at 42°C for 16–18 h and
washed 2 times, and the hybridization signal was scanned with a
PhosphorImager. Probes: oligonucleotide complementary to
nucleotides in the code region 1367–1406 of L-type Ca2� Ch
�2�-1 subunit (L-Ca2� Ch �2�-1); 134–170 of BG668901;
203–242 of BG663101.

In Situ Hybridization. Fourteen micrometer-thick cryostat sections
of DRGs of all groups were mounted on the same slide.
Oligonucleotide probes were synthesized by Life Technologies.
Probes: oligonucleotide complementary to nucleotides in the
code region 443–481 of peripheral benzodiazepine-R (PBDZ-
R); 246–284 of �-aminobutyric acidA-R �5 subunit (GABAA-R
�5); 76–114 of nicotinic acetylcholine-R �7 subunit; 402–440 of
P2Y1-R; 1367–1406 of L-Ca2� Ch �2�-1; 315–352 of Na� Ch �2.

Probe labeling, purification, and in situ hybridization were
carried out according to a published procedure (14).

The sections used for quantification were counterstained. To
determine the percentage of labeled neuronal profiles (NPs),
counting of both labeled and unlabeled NPs was made in all L5
DRGs. Every 15th serial section of the DRG (3 sections per
ganglion) was selected for the counting. Totally, 488–503 NPs
from each DRG were randomly counted, processed for t test, and
presented as mean � SEM.

Results and Discussion
Preparation of cDNA Array with the Genes and ESTs from DRG cDNA
Libs. We constructed and analyzed cDNA Libs of both normal
and axotomized DRGs, because peripheral axotomy causes
increases in the expression of genes that are normally expressed
at low levels (3). The average size of insert in both cDNA Libs
was about 1.2 Kb (Table 1, which is published as supporting
information on the PNAS web site, www.pnas.org). A total of
11,229 ESTs was identified as qualified ESTs, 5,176 ESTs from
the normal DRG Lib and 6,053 ESTs from the axotomized DRG
Lib. All ESTs were assembled into a total of 6,509 clusters.
Among them, 1,423 clusters consisted of more than one EST, the
others were singletons. The high percentage of singletons indi-
cates that the cDNA Lib contains many clones with low-copy
number, suggesting a good representation of the cDNA Lib. The
BLAST search of publicly available databases showed that about
60% of the clusters represented genes, 20% known ESTs, and
20% novel ESTs.

Identification of Differentially Expressed Genes and Verification of
the Results. To establish gene expression profiles of normal and
axotomized DRGs, the cDNA array was carried out with 7,523
genes and ESTs. The array data distribution indicated that the
expression of most genes was not strongly changed (Fig. 1). The
expression patterns of 162 genes on both our array and CLON-
TECH membranes were compatible. Based on the potential
functions of the genes, we categorized the genes into 10 classes
shown in Fig. 2 and Tables 2–5, which are published as support-
ing information on the PNAS web site. Totally, 61 distinct
channels and their family members and 147 genes encoding
receptors or receptor subunits were identified. Among 38 iden-
tified growth-associated proteins, 8 members of the fibroblast
growth factor family were seen, indicating that fibroblast growth
factors are enriched in DRGs.

We used a 2-fold change in signal intensity, observed at least
at one time interval after axotomy, as a cut-off line to consider
the differential expression of a gene as significant. This criterion

Fig. 1. A scatter plot of cDNA array identifies outlying genes whose expres-
sion differs between control DRGs and the DRGs 14 days after peripheral
axotomy. The line indicates that the ratio of nVol of axotomized DRG:control
DRG is 1:1.
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has also been used as a standard in other studies (15). According
to this principle, we identified a total of 122 genes (Fig. 2) and
51 ESTs (Fig. 3), which represented 2.3% of total genes exam-
ined. Strikingly, 86% of these genes was not previously identified
in DRGs after nerve injury. To verify the array results, we
performed RT-PCR or�and Northern blot or�and in situ hy-
bridization, and further confirmed a total of 76 of these strongly

regulated genes including neuropeptides, receptors, and ion
channels (Figs. 4 and 5; data not shown). These studies show that
our cDNA array results accurately reflect the molecular changes.
For the genes with less than 2-fold changes, the array results were
included in the supporting information, because they may also
contribute to the functional modification.

In general, the most prominent change of gene expression

Fig. 2. The strongly regulated genes with the changes in cDNA array ratio over 2 folds are identified in the DRGs 2, 7, 14, and 28 days (d) after peripheral
axotomy. The ranges of the cDNA array ratio of nVol of axotomized DRG vs. normal DRG are presented with colors indicated in the last panel.
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occurred in the category of neuropeptides with 50% of the genes
strongly regulated, followed by growth-associated proteins with
32% of the genes strongly regulated. The changes of these genes

were dominated by up-regulation patterns. In contrast, less than
10% of the genes in the categories of receptors, channels, signal
transduction, and synaptic transmission were strongly regulated,
almost half of which exhibited up-regulation (Fig. 2; Table 2).
Strong changes in gene expression appeared in all classes of
genes, thereby revealing a surprising complexity and diversity of
the gene expression profiles. The individual time course of each
regulated gene could vary considerably. Several genes were
transiently up-regulated at 2 days after axotomy (Fig. 2). For
most genes changes started at 2 or 7 days and increased levels
were maintained for the period studied, suggesting long-lasting
phenotypic modifications of DRG neurons.

Molecular Adaptation to Nerve Injury. Rat DRG neurons are able
to survive and regenerate after nerve injury (16). Thus, the
phenotypic switch of DRG neurons must involve a molecular
adaptation to subserve this process. Such an adaptation is
reflected first at transcriptional and translational levels, and then
manifested by structural and functional modifications of the
neuron. Transient up-regulation of heat shock protein 27, en-
doplasmic reticulum stress protein, and LIM domain protein
CLP36 may reflect the fast adaptive responses, perhaps involved
in sensory neuron survival (17). Not surprisingly, in addition to
the transcription factor Jun-D (18), we show here that a trans-
lation initiation factor, eukaryotic initiation factor (eIF)-4E, was
strongly up-regulated (Fig. 2). Furthermore, expression of sev-
eral ribosomal proteins was also increased (Fig. 2). Nerve growth
factor-mediated and ras-dependent eIF-4E phosphorylation
may play a role in switching the pattern of gene expression during
the differentiation of PC12 cells (19). It will be interesting to
investigate whether a similar mechanism is invoked in axoto-
mized DRG neurons. Nevertheless, our results render further
support to the hypothesis that an activation of both the tran-
scription and posttranscription machinery may constitute an
integral part of mechanisms that underlie the plasticity of DRG
neurons.

Axotomy up-regulates brain-derived neurotrophic factor
(BDNF) (20) and glial cell line-derived neurotrophic factor
(GDNF) (21), basic fibroblast growth factor, and other growth-
associated proteins in DRG neurons, and these factors may not
only protect neurons but also regulate the expression of some
receptors and ion channels (21, 22). In the present study, the
expression of both BDNF and GDNF was detected, but increases
were less than 2-fold (Table 2). Unexpectedly, we observed that
other growth-associated proteins were up-regulated over 2-fold
(Fig. 2), such as fibroblast growth factor 7, superior cervical
ganglion 10, and nerve growth factor-inducible protein.

Tyrosine kinases and tyrosine phosphorylation play important
roles in virtually every function of neurons, including survival,
extension of axons, and synapse formation. In agreement, we
found that various tyrosine kinases and tyrosine phosphotases
were up-regulated (Fig. 2). Moreover, up-regulations of actin,
tubulin, and actin-associated profilin II and LIM proteins (Fig.
2) were observed. Taken together, our results reveal dynamic
changes of gene expression ranging from transcriptional and
translational factors to structural proteins.

Alteration of Neurotransmission. The physiological change accom-
panying neuropathic pain is the spontaneous firing of primary
afferent fibers, which is thought to be the result of a long-lasting
alteration in neurotransmitters, receptors, ion channels, and
related molecules. We observed that 50% of the strongly regu-
lated genes were related to neurotransmission, including neu-
ropeptides, receptors, channels, synaptic proteins, and signal
transduction molecules after axotomy (Fig. 2; Tables 2–5),
indicating that the physiological changes may result from the
gross changes in multiple genes. The regulated expression levels

Fig. 3. The strongly regulated ESTs with the changes over 2 folds are
identified in the DRGs after axotomy. The ranges of the cDNA array ratio of
nVol of axotomized DRG vs. normal DRG are presented with colors indicated
in the last panel.

Fig. 4. Some strongly regulated genes and ESTs are confirmed with RT-PCR
or Northern blot. (A) The results of the semiquantitative RT-PCR. Size of the
internal control was 500 bp, and the size of the target genes is 250 bp. Ratio
indicates the signal intensity of examined gene vs. that of glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) at different time points. (B) The results of
Northern blot, with Bottom showing the internal control. Ratio indicates the
signal intensity of examined gene in DRGs 14 days after axotomy vs. that in
control DRGs.
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of 80% of these genes were maintained over the time course,
indicating their involvement in the maintenance of the pain.

Interestingly, almost all strongly regulated neuropeptides have
been identified (3), which further validates our approach. Im-
portantly, we observed that chromogranin A (CGA) was strongly
down-regulated (Fig. 2; Table 4). CGA is a critical molecule for
controlling dense-core secretory vesicle biogenesis (23). The
decrease in CGA may result in a decrease in biogenesis of
dense-core vesicles, which may be an important reason for the
described sorting NPY into the constitutive secretory pathway in
axotomized DRG neurons (24).

We also found a strong down-regulation of SNAP-25,
VAMP-1, and Rab3A (Fig. 2; Tables 4 and 5), indicating that the
docking and fusion of synaptic vesicles may be attenuated.
Synaptotagmin IV was the only synaptic vesicle protein that was
up-regulated (Fig. 2; Table 4). Synaptotagmin IV can form
heterooligomers with synaptotagmin I, resulting in less efficiency
at coupling Ca2� to secretion that decreases evoked synaptic
transmission (25). Thus, the change in the expression pattern of
synaptic transmission-related proteins seems to generally work
toward a decrease of synaptic transmission. However, further
studies are needed to determine whether the changes of synaptic
vesicle protein help to enhance or modulate synaptic transmis-
sion in a subset of neurons after axotomy.

The present study shows that G protein-coupled receptors
were a major group of the regulated receptors (Fig. 2). In
addition to the down-regulation of the NPY Y1-R (14) and
�-opioid receptor (6), and up-regulation of the NPY Y2-R,
cholecystokinin B receptor (3), and A-R �2A (8), we further
observed that the metabotropic glutamate receptor 4 was down-
regulated (Fig. 2), whereas P2Y1-R (Figs. 2, 4, and 5 A–A� and
G) and NPY Y5-R (Figs. 2 and 4) were up-regulated. More
importantly, we found that some receptor subunits related to ion
channels were strongly up-regulated (Figs. 2 and 5), such as
GABAA-R �5 in both small and large NPs, PBDZ-R in many
small NPs and some large NPs, and nicotinic acetylcholine-R �7
subunit in many large NPs and some small NPs. With regard to
the ion channels, we observed a transient up-regulation of
L-Ca2� Ch �2�-1 (Figs. 2, 4, and 5 E–E� and G) and an increase
of Na� Ch �2 (Figs. 2, 4, and 5 F–F� and G) in many small NPs.

It has been shown that cholecystokinin B receptor and NPY
Y2-R mediate an increase in excitability of axotomized neurons
(7, 9), and that A-R �2A contributes to neuropathic heat
hyperalgesia (26) in addition to being involved in sympathetically
maintained pain (27). P2Y1-R participates in potentiation of
capsaicin receptor-mediated thermal hyperalgesia (28). The
L-Ca2� Ch is functionally involved in the exocytotic machinery
and pain responses (29, 30). It contains three subunits: the �1
channel-forming subunit, the intracellular � subunit, and the �2
subunit consisting of two disulfide-lined polypeptides (�2 and �).
�2�-1 is thought to increase the current amplitude and activation
rate of Ca2� Ch. The transient increase in L-Ca2� Ch �2�-1 in
small neurons implies an effect on the increased excitability
during the early postlesion period. A similar increase in L-Ca2�

Ch �2�-1 is also shown with Western blot in nerve ligation and
crush models (31). Up-regulation of Na� Ch �2 may increase
the cell surface Na� Ch � subunits in small neurons, because the
Na� Ch �2 has been shown to target Na� Ch � subunits to the
cell surface (32). Thus, L-Ca2� Ch �2�-1, Na� Ch III (33) and
Na� Ch �2 may also contribute to an increase in excitability. K�

currents are involved in the generation of the action potential,
opposing the current flow through Na� and Ca2� Chs and thus
decrease excitability (34). Therefore, the down-regulation of K�

Chs (Fig. 2) presumably reduces the inhibitory K� current. These
changes and decrease in inhibitory �-opioid receptors (6) and
NPY Y1-Rs (14) may contribute to a reduction in inhibition after
nerve injury. These results indicate that changes in G protein-

Fig. 5. (A–F�) In situ hybridization of receptors and ion channels in L5 DRG
14 days after unilateral axotomy. Arrows point to large NPs and arrowheads
point to small NPs. P2Y1-R is normally expressed in some NPs (A) and up-
regulated in many large and small NPs after axotomy (A�, A�). PBDZ-R is hardly
seen contralaterally (B) but expressed ipsilaterally in many small NPs (B�, B�).
GABAA-R �5 is normally expressed in some NPs (C) and up-regulated in many
large NPs and some small NPs (C�, C�). Nicotinic acetylcholine-R �7 subunit
(nAch-R �7) is expressed in some large NPs normally (D) and up-regulated in
both large and small NPs (D�, D�). L-Ca2� Ch �2�-1 is normally seen in some
small NPs (E) and increased in many small NPs after axotomy (E�, E�). Weak
labeling of Na� Ch �2 is normally seen in some NPs (F) and up-regulated
ipsilaterally in many small NPs (F�, F�). [Bars � 50 �m (in A–F and A�–F�) and 20
�m (in A�–F�)]. (G) The time course shows a constant increase in the percentage
of NPs expressing these genes (P 	 0.05 for P2Y1-R, PBDZ-R, nAch-R �7, and
Na� Ch �2 after 2 days, and for GABAA-R �5 after 7 days, compared with
control), except L-Ca2� Ch �2�-1 showing a transient increase after 2 days (P 	
0.05, compared with control) and decrease to the control level at 28 days
(P 
 0.05, compared with control).
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coupled receptors and ion channels generally work toward
generating hypersensitivity of the neurons.

GABA is a major inhibitory neurotransmitter. GABAA-R,
known as the central BDZ-R, is a GABA�drug receptor-Cl� Ch
macromolecular complex including binding sites for GABA and
BDZs (35). BDZs increase the affinity of the GABAA-R for
GABA and the frequency of opening of the Cl� Ch. Up-
regulation of GABAA-R �5 may lead to a conformation of the
receptor containing �5 (36). Further studies will evaluate its role
in the enhancement of GABAA-R-mediated conductances in
axotomized neurons (37). Another major BDZ-R, the PBDZ-R,
is normally expressed in glial cells in the brain (38). Unexpect-
edly, we found that PBDZ-R was expressed in axotomized small
DRG neurons, which presumably significantly increases BDZ-
binding sites on the neurons. However, it seems that availability
of selective agonists for GABA and BDZ receptors at the spinal
level after nerve injury is reduced, because GABA is decreased
in the dorsal horn (39), and thus far there is no evidence for
presence of an endogenous agonist for PBDZ-R at the spinal
level. Thus, administration of exogenous ligands may activate an
inhibitory mechanism.

Clinical evidence indicates that antidepressants such as ami-
triptyline, antianxiety drugs such as diazepam and midazolam,
and anticonvulsants such as gabapentin and carbamazepine
represent useful therapies for certain types of neuropathic pain
(40, 41). Pharmalogical studies show that amitriptyline acts
at Na� Ch, diazepam and midazolam at BDZ-Rs, gabapentin
at GABAA-R and L-Ca2� Ch �2�-1 (42), and carbamazepine at

Na� Ch (43). Our present findings show that these receptors and
ion channels are strongly up-regulated. In fact, midazolam
reduces C fiber-evoked firing after nerve injury (44), suggesting
that agonists for these correlated receptors may be effective in
reducing excitability of DRG neurons. Moreover, up-regulation
of both GABAA-R �5 and L-Ca2� Ch �2�-1 supports a thera-
peutic role of gabapentin (42). Up-regulation of nicotinic ace-
tylcholine-R �7 subunit also suggests a potential drug target,
because �7 subunits are thought to form homomeric nicotinic
acetylcholine-R in peripheral nervous system and may mediate
antinociception (45). Our results raise the possibility that drugs
designed to act specifically at these regulated subunits of the
receptors and ion channels may be more effective in treating
neuropathic pain with few side effects.

Conclusion
In peripherally axotomized rat DRGs, we identified marked
changes in the expression of 173 genes, which encompass a large
number of distinct family members including neuropeptides,
receptors, ion channels, signal transduction molecules, synaptic
vesicle proteins, and others. These results suggest that cascades
of gene expression may be a prerequisite for the development
and maintenance of neuropathic pain.
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