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Down-regulation of GAP-43 by inhibition of caspases-3
in a rat model of neuropathic pain
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Abstract: Background Neuropathic pain remains a prevalent and persistent clinical problem due to incomplete
understanding of its pathogenesis. Objective The present study aimed to investigate the role of caspase-3 in the
neuropathic pain in rats with chronic constriction injury (CCl). Methods SD rats were randomly assigned four groups
(n=18 per group): sham group, normal saline group (NS group), Z-DEVD-FMK group (DEVD group) and RNA inter-
ference group (siRNA group). Z-DEVD-FMK (1 U/30 ul), siRNA targeting caspase-3 (10 ug/30ul) and NS of equal
volume were intrathecally administered once daily for 5 days starting 1 day before surgery in the DEVD, siRNA and
NS group, respectively. Thermal hyperalgesia was assessed at one day before and 1, 2, 4, 5, 6, 7 and 10 days after
surgery. The mRNA and protein expressions of caspase-3 were measured by real time PCR and immunofluores-
cence assay. Apoptosis was detected by TUNEL staining. GAP-43 expression was measured by immunofluorescence
and western blot assays. Results The right paw withdrawal latency (PWL) was decreased after CCI (P<0.05). TUNEL-
positive neurons and the mRNA and protein expressions of caspase-3 in the spinal cord were increased significantly.
After Z-DEVD-FMK or siRNA treatment, TUNEL-positive neurons were decreased, PWLs increased (P<0.05) and the
mRNA and protein expressions of caspase-3 decreased. The expression of GAP-43, a sprouting related protein, was
decreased in the DEVD and siRNA group as compared to NS group (P<0.05). Up-regulation of GAP-43 following
CCl was decreased following caspase-3 inhibition. Following sciatic nerve ligation, the gene expression, translation
and transcription are significantly changed in the neurons which finally results in neuron apoptosis. The neuron
apoptosis induce the up-regulation of GAP-43 expression leading to hyperalgesia. Conclusion Caspase-3 mediated
neuron apoptosis is probably responsible for the neuropathic pain in CCl rats. Inhibition of caspase-3 may serve as
a treatment of neuropathic pain.
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Introduction ade of glutamate mGlu5 receptors may prevent

early over-expression of pro-apoptotic genes

Neuropathic pain, characterized by hyperalge-
sia, allodynia and spontaneous pain, often
occurs as a result of injuries to the peripheral
nerves, dorsal root ganglion (DRG), spinal cord
or brain [1]. Neuropathic pain remains a preva-
lent and persistent clinical problem due to
incomplete understanding of its pathogenesis.

In recent years, studies in the neurobiological
fields have found important clues showing
apoptosis may be responsible for cell damage
and neuropathic pain. De Novellis et al [2]
revealed that apoptotic pathways were activat-
ed in rat spinal cord following chronic constric-
tion injury (CCl) of the sciatic nerve, and block-

and morphological changes in dorsal horn.
Kimberly et al [3] demonstrated that the excito-
toxic death of inhibitory neurons in the laminas
I-11l of the spinal dorsal horn contributed to the
neuropathic pain. The study of Joseph et al [4]
indicated that in the latent phase, before the
presence of apoptotic cell death, the caspase
signaling pathway contributed to the pain in the
small-fibre peripheral neuropathy, and inflam-
matory / immune mediators involved in the
activation of these pathways.

Pathological pain is an expression of neuronal
plasticity. Growth associated protein 43 (GAP-
43) is considered as an internal decision factor
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in the nerve regeneration and serves as a
marker of neural plasticity [5]. In the L5 spinal
nerve transection model of mechanical pain
hypersensitivity, the spinal GAP-43 was found
to be up-regulated in the superficial L5 dorsal
horn from 5 up to 10 days after injury [6].
Whether the up-regulation of GAP-43 is involved
the caspase signaling pathway leading to the
neuropathic pain is still unknown.

In present study, caspase-3 siRNA and inhibitor
were intrathecally administered to rats with CCl
to investigate the role of caspase-3 and GAP-
43 in the caspase signaling pathway related
neuropathic pain.

Materials and methods
Animals

Male Sprague-Dawley rats (200-250g,
Shanghai Experimental Animal Center of
Chinese Academy of Sciences) were housed
were housed in a SPF laboratory with a 12/12
h light /dark. All animal experiments were
approved by the Administrative Committee of
Experimental Animal Care and Use of Shanghai,
and conformed to the National Institute of
Health guidelines on the ethical use of animals.
Animals were randomly assigned four groups
(n=18 per group): sham group, normal saline
group (NS group), Z-DEVD-FMK group (DEVD
group), and RNA interference group (SiRNA
group). ZDEVD-FMK (1 U/30 ul), siRNA target-
ing caspase-3 (10 pg/30 pl) and NS of equal
volume were administered intrathecally once
daily for 5 days starting 1 day before surgery in
the DEVD, siRNA and NS groups, respectively.
The siRNA (GAUACCAGUGGAGGCCGAC) target-
ing caspase-3 gene (siRNA-caspase-3) was
screened and tested in our previous study [7].

Chronic constriction injury

The CCl model was established as previously
described [8]. Briefly, rats were anesthetized
with sodium pentobarbital (40 mg/kg, i.p.). The
common sciatic nerve was exposed at the mid-
thigh level. The nerve was ligated loosely with a
4-0 chromic gut thread at 4 sites with an inter-
val of 1 mm, so that the nerve diameter was
only slightly reduced. Meanwhile, a sham sur-
gery was performed with the sciatic nerve
exposure but absence of ligation. Upon recov-
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ery from anesthesia, animals were housed indi-
vidually in clear plastic cages.

Lumbar subarachnoid catheterization

One week prior to CCl, a chronic indwelling
catheter was implanted into the subarachnoid
space of each rat. Briefly, rats were anesthe-
tized with sodium pentobarbital (40 mg/kg,
i.p.). A PE-10 catheter (Becton Dickinson,
Sparks, MD, USA) was inserted into the lumbar
subarachnoid space between 5th and 6th lum-
bar vertebrae (L5 and L6) [9]. The catheter was
slowly implanted and the external portion was
protected according to Milligan’s method [10].

Evaluation of thermal hyperalgesia

Thermal hyperalgesia was assessed by the paw
withdrawal latency (PWL) to radiant heat
according to the described by Hargreaves et al
[11]. Rats were placed in an inverted clear
plexiglas cage (23x18x13 cm) on a piece of
3-mm-thick glass plate and allowed to accli-
mate to their environment for 30 min before
testing. After acclimation, the radiant heat
source was positioned under the glass floor
directly beneath the hind paw. The radiant heat
source consisted of a high-intensity projection
lamp bulb (8 V, 50 W) and located at 40 mm
below the glass floor projecting through a 5x10-
mm aperture on the top of a movable case. A
digital timer automatically recorded the dura-
tion between the stimuli and the paw withdraw-
al which was defined as PWL. Experiment was
carried out thrice in each rat with a 5-min inter-
val. The heat exposure was confined to 20 sec
to avoid tissue damage.

Real time PCR

The caspase-3 mRNA expression was detected
by real time PCR using  primers
5-TATGGAATTGATGGATAGT-3’and5-CTGAAGAA-
ACTAGTTAGTT-3". A Real-Time PCR Detection
System (Roche, Switzerland) was used to con-
tinually monitor the fluorescence intensity
which was directly proportional to the PCR
product.

Western blot assay
Nuclear extracts were prepared from lumbar

spinal cord (L4-L5) as previously described
[12]. Proteins were separated on 8% SDS-PAGE
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Figure 1. Antinociceptive effect of intrathecal injec-
tion of siRNA-Caspase-3 or Z-DEVD-FMK on chronic
neuropathic pain. Rats were administered with siR-
NA-caspase-3 or Z-DEVD-FMK one day before CCI,
and then nociception response was monitored during
and after treatment. Following administration of cas-
pase-3 inhibitor or siRNA, PWL was not significantly
reduced in the siRNA group or DEVD group and simi-
lar to that in the sham group (P>0.05) but markedly
different from that in the NS group (P<0.01).

gel and transferred onto a nitrocellulose mem-
brane which was blotted with primary antibody
against GAP-43 (1:100, Santa Cruz, CA, USA)
and then with horseradish peroxidase conju-
gated secondary antibody. Protein signals were
detected with an ECL system (Amersham
Pharmacia Biotech, Uppsala, Sweden). B-actin
(Sigma, St. Louis, MO, USA, 1:500) served as
an internal control.

Immunofluorescence assay

After defined survival times, rats were anesthe-
tized and perfused through the ascending
aorta with saline, followed by 4% paraformalde-
hyde in 1.5% picric acid in 0.16 M phosphate
buffer (pH 7.2-7.4). After perfusion, the L5 spi-
nal cord segments were removed and postfixed
in the same fixation solution for 3 hr and then in
15% sucrose overnight. Transverse spinal sec-
tions (30 uym) were obtained on a cryostat and
processed for immunostaining with immunoflu-
orescence assay [13]. All of the sections were
blocked with 2% goat serum in 0.3% Triton
X-100 for 1 hr at room temperature and incu-
bated over two nights at 4°C with anti-caspase
antibody (1:400; Santa Cruz, USA). The sec-
tions were then incubated for 1 hr at room tem-
perature with Cy3-conjugated secondary anti-
body (1:300; Santa Cruz, USA), followed by a
mixture of Alexa Fluor 555-conjugated second-
ary antibodies for 1 hr at room temperature.
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These sections were examined under an
Olympus (Olympus, Japan) fluorescence micro-
scope, and representative images were cap-
tured with a camera.

TUNEL analysis

The sections of L5 were incubated with protein-
ase K for 15 min at room temperature. After
rinsing in PBS-Tween 20 for 2 min twice, sec-
tions were incubated in 3% H202 in PBS for 10
min to block endogenous peroxidase activity.
After washing with PBS twice, sections were
labeled (60 min; 37°C) with fluorescein TUNEL
reagent mixture according to the manufactur-
er's instructions [14]. After rinsing with PBS
thrice, these sections were visualized under an
Olympus (Olympus, Japan) inverted micro-
scope, and representative images were cap-
tured with a camera.

Statistical analyses

Data were expressed as mean * standard devi-
ation (SD). Statistical analyses were performed
using Student’s t-test or multiple ANOVA fol-
lowed by least-significance difference post-hoc
comparison. A value of P<0.05 was considered
statistically significant.

Results
Detection of thermal hyperalgesia

Before ligation of the sciatic nerve, PWL
remained unchanged following administration
of caspase-3 inhibitor or siRNA targeting cas-
pase-3(siRNA-caspase-3) (P>0.05). However,
PWL was significantly reduced in the NS group
following ligation when compared with sham
group (P<0.01) (Figure 1). Following administra-
tion of caspase-3 inhibitor or siRNA-caspase-3,
PWL was not significantly reduced in the siRNA
group or DEVD group and similar to that in the
sham group (P>0.05) but markedly different
from that in the NS group (P<0.01). After treat-
ment discontinuation, PWL was dramatically
reduced in the siRNA group or DEVD group and
significantly different from that in the sham
group (P<0.01). However, no marked difference
was found between siRNA group and DEVD
group (P>0.05). These findings suggest that
inhibition of caspase-3 attenuates the thermal
hyperalgesia in CCl rats.
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Figure 2. Real-time quantitative RT-PCR analyses of
Caspase-3 mRNA expression in rat lumbar spinal
cord. *P<0.01VS NS group.

Detection of caspase-3 mRNA expression by
real-time PCR

To confirm that siRNA-caspase-3 interfered the
caspase-3 expression, real time quantitative
PCR was employed to detect the mRNA expres-
sion of caspase-3 in the L4~6 (Figure 2).
Results showed, the mRNA of caspase-3 at 1,
2,4, and 5 days after siRNA treatment was sig-
nificantly lower than in the NS group (P<0.01)
suggesting that siRNA targeting caspase-3
markedly inhibited the mRNA expression of
caspase-3.

Caspase-3 expression in rat spinal cord

The caspase-3 expression in the spinal cord
was determined by immunofluorescence assay
(Figure 3). In the sham group, the caspase-3
expression was low in ipsilateral side of ligation
and similar to that contralateral side(Figure
3A). Following ligation, the caspase-3 expres-
sion was dramatically increased in the NS
group (Figure 3B). After treatment with cas-
pase-3 inhibitor or siRNA, the caspase-3
expression was significantly reduced when
compared with NS group, but similar to or
slightly higher than that in the sham group
(Figure 3C and 3D). These findings suggest that
ligation of sciatic nerve may result in increase
of caspase-3 expression, and treatment with
Z-DEVD-FMK or siRNA targeting caspase-3 can
significantly inhibit the up-regulation of cas-
pase-3 following ligation.

TUNEL staining of apoptotic cells in the spinal
cord

As shown in Figure 4, the apoptotic neurons

were seldom found in the dorsal horn of sham
group. In the NS group, a large number of apop-
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totic neurons were found which were character-
ized by yellowish brown granules in the cells.
Following treatment with caspase-3 inhibitor or
siRNA, the apoptotic neurons were markedly
reduced when compared with NS group but
similar to or slightly higher than in the sham
group. These findings imply that ligation of sci-
atic nerve may induce the neuron apoptosis,
and treatment with Z-DEVD-FMK or siRNA tar-
geting caspase-3 can significantly inhibit the
neuron apoptosis and blockage of caspase-3
can reduce the apoptotic neurons.

Detection of GAP-43 expression by immuno-
fluorescence and western blot assay

As shown in Figure 5, the GAP-43 was mas-
sively expressed in the ipsilateral dorsal horn
(red) following ligation, but less found in the
contralateral side without ligation. Western blot
assay revealed the GAP-43 expression in the
siRNA group and DEVD group was significantly
lower than that in the NS group (Figure 6).
These results indicate that inhibition of cas-
pase-3 signaling pathway can reduce the GAP-
43 expression.

Discussion

Chronic pain refers to the persistent pain after
the cause of acute pain is removed or the pain
accompanied by the chronic disease and it usu-
ally lasts for more than 3 months [15]. The ther-
apeutic efficacy of neuropathic pain is still
unsatisfactory due to the complicated patho-
genesis. Apoptosis is similar to the neuronal
plasticity in pathology [16], and can explain
some problems difficult to explain in the pain
theory. For example, neuropathic pain is less
responsive to calcium channel blocker, which
may be attributed to the pre-existing apoptosis
resulting in poor response to blocking of up-
stream of apoptosis signaling pathway.
Apoptosis is a self-destructive programmed
biochemical process. Morphologically, apopto-
sis is characterized by karyopyknosis and cyto-
plasmic concentration and breakage of chro-
matins. Apoptosis is often mediated by the
caspase related protein cleavage in which cas-
pase-3 plays an important role [17].

To further confirm the association between
neuron apoptosis and neuropathic pain, cas-
pase-3 inhibitor (ZDEVD-FMK) and siRNA tar-
geting caspase-3 were used to block the apop-
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-
Figure 3. Caspase-3 expression in spinal cord by immunofluorescent assay. In the sham group, the caspase-3 ex-
pression was low in ipsilateral side of ligation and similar to that contralateral side (Figure 3A). Following ligation,

the caspase-3 expression was dramatically increased in the NS group (Figure 3B). The caspase-3 expression was
significantly reduced in the siRNA group or DEVD group (Figure 3C, D).

tosis signaling pathway. Results showed both
treatments could significantly inhibit the apop-
tosis of neurons and the thermal hyperalgesia
following sciatic nerve ligation. These findings
indicate caspase-3 pathway mediated apopto-
sis of neurons in the spinal cord plays a critical
role in the pathogenesis of neuropathic pain
and blockage of caspase-3 pathway may serve
as a novel strategy for the treatment of neuro-
pathic pain.

However, it still raises a question that why the
apoptotic neurons which execute signal trans-
mission can produce hyperalgesia? In the neu-
ropathic pain, the damage to the neural system
may lead to cascade reaction resulting in neu-
ron apoptosis and the axonal degeneration in
the injured site. The components of cytoskele-
ton are degraded and the terminal axoplasm
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becomes granular. Finally, the cells shrink and
are fragmented. The cell debris is swallowed by
macrophages and some glial cells are subse-
quently activated resulting in secretion of a
series of molecules which leads to the prolifera-
tion and migration of cells to counteract injury
[18]. The proximal swelling axons are separated
from the distal stump and some axons become
degenerated and others sprouting. The periph-
eral and central mechanisms of sprouting
induced neuropathic pain participate in the
pathogenesis of hyperalgesia. For peripheral
mechanism, the damage to the nerves induces
the recruitment of ion channels into the injured
sites and DRG which leads to the non-coding
ectopic electrical activity. When the damage to
axons results in the myelin loss in the myelin-
ated neurons and formation of neuroma, the
insulation between nerve fibers is compro-

Int J Clin Exp Pathol 2012;5(9):948-955
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Figure 4. Detection of apoptotic neurons by TUNEL analysis. A large number of apoptotic neurons (yellow brown
granules) were found in the NS group. Following treatment with caspase-3 inhibitor or siRNA, the apoptotic neurons
were markedly reduced. A: sham group; B: NS group; C: ZDEVD group; D: siRNA group.

mised. When a nerve fiber is activated, the
depolarized potential can spread into the adja-
cent resting fibers and elicit the discharge,
which is also known as crosstalk [19]. For the
central mechanism, the damage to peripheral
nerves may result in morphological, histological
and electrophysiological changes in neurons in
the dorsal horn: 2 weeks after CCl, a lot of dark
neurons were found in the spinal cord [20]
which contains numerous wide dynamic range
neuron (WDR) and nociceptive specific (NS)
neurons. These dark neurons had active
metabolism under a light microscope and were
closely related to the occurrence of pain.
Electrophysiologically, WDR and NS neurons
had increased excitability and spontaneous

Figure 5. Detection of GAP-43 expression by immu-

nofluorescence staining. The GAP-43 was massively
expressed in the ipsilateral dorsal horn (red) follow-
ing ligation, but less found in the contralateral side
without ligation (x100).
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discharge.

GAP-43 plays an important role in the sprout-
ing. It is known that neurons with GAP-43

Int J Clin Exp Pathol 2012;5(9):948-955
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Figure 6. Detection of GAP-43 expression by western
blot assay. Western blot assay revealed the GAP-43
expression in the siRNA group and DEVD group was
significantly lower than that in the NS group.

expression have high plasticity and the chang-
es in the plasticity may induce the chronic pain.
During the neuron sprouting, the GAP-43 is
massively synthesized accompanied by the
growth of axons and has been applied as a
marker of axon growth [21]. In the nerve injury
model, the GAP-43 expression is up-regulated
accompanied by nerve sprouting. When the
pain is improved, the GAP-43 expression is
down-regulated. These findings suggest GAP-
43 is an important cause of sprouting and neu-
ropathic pain [22, 23]. In the presence study,
the rat sciatic nerve was ligated to induce the
neuropathic pain. Our results showed the GAP-
43 in the ipsilateral dorsal horn of spinal cord
with ligation was significantly increased when
compared with contralateral side. This result
implies that there is axon growth in the dorsal
horn of spinal cord following damage to periph-
eral nerves. At the same time, our results also
showed the caspase-3 expression and the
number of apoptotic neurons were dramatically
increased in the ipsilateral dorsal horn. These
findings reveal the potential correlation
between neuron apoptosis and sprouting. In
addition, caspase-3 inhibitor (Z-DEVD-FMK)
and caspase-3 siRNA were applied to block the
caspase-3 apoptosis signaling pathway.
Results showed the GAP-43 expression was
significantly inhibited following inhibition of cas-
pase-3 by its inhibitor or siRNA. This also shows
that inhibition of neuron apoptosis can attenu-
ate the sprouting, which further confirms the
association between the apoptosis of neurons
in the spinal cord and sprouting, and the neu-
ron apoptosis and sprouting may involve the
changes in neuron plasticity and hyperalgesia.

Following sciatic nerve ligation, the gene
expression, translation and transcription are
significantly changed in the neurons which
finally results in neuron apoptosis. The neuron
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apoptosis induce the up-regulation of GAP-43
expression leading to hyperalgesia. Thus, we
speculate that the increased expression of cas-
pase-3 following sciatic nerve ligation activates
the apoptosis pathway resulting in increase of
neuron apoptosis and also elevates the GAP-
43 expression. Both caspase-3 and GAP-3
involve the neuropathic pain. Blocking cas-
pase-3 signaling pathway can reduce the apop-
totic neurons and down-regulate GAP-43
expression, which may become a promising
strategy for the treatment of neuropathic pain.
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