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Purpose: Some patients undergoing thoracotomy may suffer from chronic post-thoracotomy
pain (CPTP). Treatment of CPTP has been a clinical challenge and the underlying mechan-
isms of CPTP remain elusive. Recently, sonic hedgehog (Shh) signaling has been shown to
be associated with various pain states but its role in the pathogenesis of CPTP is still unclear.
Methods: CPTP was induced in rats by thoracotomy. Rats were divided into CPTP group
and non-CPTP group based on the mechanical withdrawal threshold (MWT). Rats were
administered with Shh signaling inhibitor cyclopamine and activator smoothened agonist
(SAG), and then evaluated by MWT and cold allodynia testing. The expressions of Shh
signaling (Shh ligand, patched and smoothened receptor, Gli transcription factors), brain-
derived neurotrophic factor (BDNF), tropomyosin-related kinase receptor B (Trk-B), phos-
phatidylinositol 3-kinase (PI3K) and protein kinase B (Akt) in rat T4-5 spinal cord dorsal
horn (SDH) were detected by Western blotting and immunohistochemistry.

Results: The expression of Shh signaling significantly increased and the BDNF/TrkB path-
way was activated in T4-5 SDH of CPTP rats. Cyclopamine attenuated hyperalgesia and
down-regulated the expressions of Gill, BDNF, p-TrkB, p-PI3K and p-Akt in CPTP rats.
SAG induced hyperalgesia in non-CPTP rats and elevated the expressions of Gill, BDNF,
p-TrkB, p-PI3K and p-Akt.

Conclusion: Shh signaling may contribute to CPTP via activating BDNF/TrkB signaling
pathway, and inhibition of Shh signaling may effectively alleviate CPTP.

Keywords: sonic hedgehog, chronic post-thoracotomy pain, brain-derived neurotrophic
factor, spinal cord dorsal horn, PI3K, Akt

Introduction

Chronic post-thoracotomy pain (CPTP) refers to the persistent pain that occurs near
the surgical incision after thoracotomy and lasts for at least 2 months.'
Epidemiological studies have shown that about 40-50% of patients still suffer
from CPTP at 6 months after surgery,™ and 10% of them experience severe
pain.* Unfortunately, the underlying mechanism of CPTP is still unclear.
Intercostal nerve injury was proposed as a major cause of CPTP,> but the CPTP
in most patients is not related to neuropathic pain.” CPTP reduces the quality of life,
causes atelectasis and lung infection, and even leads to anxiety and depression, but
there are no effective treatments for CPTP currently. Therefore, to elucidate the
pathogenesis of CPTP is particularly important for the development of effective
treatment for CPTP.
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Sonic hedgehog (Shh) signaling is a classical signaling
pathway that controls embryonic development. It is mainly
composed of Shh ligand, transmembrane patched (Ptch)
and smoothened (Smo) receptors, and transcriptional fac-
tor Gli.*? After the Shh ligand binds to Ptch, Smo is
dissociated from this complex and then activated, even-
tually leading to the activation of downstream Gli.'"® Shh
signaling is involved in the development of nervous sys-
tem and regulates synaptic plasticity, and its abnormalities
have been found to be related to the pathogenesis of
tumors.”'! Previous studies have shown that Shh signaling
regulates nociceptive sensitization in the drosophila.'?
Additionally, Shh signaling is also related to the occur-
rence of bone cancer pain and morphine-induced hyper-
algesia and tolerance,'>"'* but the role of Shh signaling in
the pathogenesis of CPTP remains unclear.

As a member of the neurotrophic factor family, brain-
derived neurotrophic factor (BDNF) can promote the growth
and differentiation of neurons and change the neuronal excit-
ability and synaptic plasticity.'> Previous studies have
revealed that BDNF is involved in the regulation of inflam-
matory pain and neuropathic pain.'®!” The phosphatidylino-
sitol 3-kinase (PI3K)/protein kinase B (Akt) pathway is the
downstream signaling pathway of the BDNF/tropomyosin-
related kinase receptor B (TrkB) pathway,'®'® and PI3K/Akt
related to the BDNF-induced pain
hypersensitivity.”® However, little is known about the role
of BDNF/TrkB pathway in the pathogenesis of CPTP.

We hypothesize that Shh signaling is involved in the
pathogenesis of CPTP via activating BDNF/TrkB pathway.
In the present study, the expressions of Shh signaling and
BDNF/TrkB pathway were detected in rats after thoracot-
omy, aiming to investigate the role of Shh signaling in the

pathway is

pathogenesis of CPTP.

Materials and Methods

Animals

Adult male Sprague-Dawley rats were provided by the
Center of the Chinese PLA
General Hospital. The whole study was approved by the

Experimental Animal

Institutional Animal Care Committee of the Chinese PLA
General Hospital, and all the procedures were conducted
according to the National Institutes of Health Guide for the
Care and Use of Laboratory Animals. Rats weighing 400
to 450 g were housed with a 12-h light/dark cycle and
given ad libitum access to food and water at 24-26°C.

Establishment of a Rat Model of CPTP

The rat model of CPTP was produced via thoracotomy as
previously reported.?' After intraperitoneal anesthesia with
sodium pentobarbital (60 mg/kg), rats were subjected to endo-
tracheal intubation with a 16G catheter, which was connected
to a rodent ventilator for mechanical ventilation (I/E: 1:2,
respiratory rate: 60—70 times/min, tidal volume: 10 mL/kg).
Then, a 4-cm long skin incision was made between the fourth
to fifth ribs, and the muscles were separated. Subsequently,
a 1.8-cm long incision was made in the pleura. The fourth and
fifth ribs were separated to 1 cm with a microscopic retractor
for one hour. Before closing the chest, an epidural catheter with
a 10-mL syringe was inserted into the pleural cavity to extract
the air. The ribs, muscles and skin were independently sutured
with 3-0 non-absorbable sutures. Until the spontaneous breath-
ing returned, the 16G catheter was removed. In the sham
group, rats underwent a sham operation without rib retraction.
In the control group, rats did not undergo surgical procedures.

Intrathecal Catheterization and Drug

Administration

Eight days before thoracotomy, rats were inserted into the
intrathecal catheter according to previously reported.”>*
After the rats were intraperitoneally anesthetized with
sodium pentobarbital (60 mg/kg), a 2-cm long incision
was made in the skin near the atlantooccipital space, and
then the subcutaneous muscles were separated to expose
the atlantooccipital membrane. A polyethylene-10 catheter
(Meiweijing, Jiangsu, China) was inserted 3.3 cm from the
midpoint of atlantooccipital membrane to the tail of rats
and reached the T4-5 of rat spinal cord.

Shh signaling inhibitor cyclopamine (CLP) (10 ng/10 pL)
(Adooq Bioscience, California, USA) or an equivalent volume
of vehicle (1% DMSO) (10 uL) was administrated intrathe-
cally in CPTP rats once daily on postoperative day (POD) 7 to
9. Subsequently, in order to remove the dead space, the catheter
was rinsed with 10 pL of PBS and removed on POD 10. Shh
signaling agonist smoothened agonist (SAG) (5 mg/kg)
(Abcam, Cambridge, UK) or an equivalent volume of vehicle
(1% DMSO) was injected intraperitoneally in rats in the non-
CPTP group on POD 21. The doses were from previous

studies.!>!*

Mechanical Withdrawal Threshold
(MWT)

After 30-min acclimation to the environment, the MWT

was measured with the von-Frey filaments (VFH;
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Stoelting Co., Wood Dale, USA), which were used per-
pendicular to the dorsal skin 0.5—1 cm around the incision.
The interval between each measurement was 30 seconds.
The bending forces of the VFH ranged from 0.16 to 15.0
g. The intensity of VFH was increasing until a positive
reaction occurred in rats. The positive reactions included
contractions of muscles, escape movement, scratching the
skin of the surgical area, rotation of trunk, shuddering or
squealing.*** For avoiding tactile sensitization by the
stiffer VFH, the highest threshold of MWT was assigned
as 15.1 g.°> The MWT was calculated by the up-and-down
method.?® The results of MWT were calculated using the
formula: 50% threshold (g) = 10%**9/10* [X = the value
(in log units) of the final von-Frey filament, k = tabular
value for the response pattern and d = the average incre-
ment (in log units) between von-Frey filaments]. Finally,
rats undergoing thoracotomy and showing significant
decrease in the MWT (<4g) on POD 21 were considered
to develop CPTP.*' The MWT was evaluated by the inves-
tigators who were blind to the grouping of rats.

Cold Hyperalgesia Test

Cold acetone (4°C) was dropped from the syringe to the
surgical site. The number of hind limb scratching the
surgical site was recorded within 1 min by the trained
investigators who were blinded to the grouping, and this
test was repeated 5 min later. The average of two tests was
calculated for further analysis. Rats scratching at least 3
times/min were considered as having cold hyperalgesia.*’

Western Blotting

Proteins were extracted from the ipsilateral T4-5 spinal cord
dorsal horn (SDH), and the supernatant protein concentrations
were detected with the BCA protein assay kit (Abcam). The
equal number of sample proteins was separated on sodium
dodecyl sulphate—polyacrylamide gels. Subsequently, they
were transferred onto the polyvinylidene fluoride membrane,
which was blocked with 5% non-fat milk and then incubated
with primary antibodies overnight at 4°C. The primary anti-
bodies included anti-Shh (1:2000, GeneTex, San Antonio,
USA), anti-Ptch1 (1:1000, Sigma, St. Louis, USA), anti-Smo
(1:2000, Abcam), anti-Glil (1:2000, Abcam), anti-BDNF
(1:1000, GeneTex), anti-p-TrkB (1:1000, GeneTex), anti-
TrkB (1:2000, GeneTex), anti-p-PI3K (1:1000, GeneTex),
anti-p-Akt (1:1000, GeneTex), anti-Histone H3 (1:2000,
GeneTex), and anti-GAPDH (1:10,000, GeneTex). Finally,
the membranes were rinsed and the proteins were detected
with the enhanced chemiluminescence method.

Immunohistochemistry

After transcardial perfusion with 4% paraformaldehyde,
T4-5 SDH of rats were collected and embedded in paraf-
fin. Subsequently, the paraffin-embedded tissues were sec-
tioned and processed for immunohistochemistry. The
sections were incubated with primary antibodies: anti-
Shh (1:100, GeneTex) and anti-BDNF (1:200, Abcam),
rinsed, then treated with secondary antibodies. Finally,

images were captured using a digital camera.

Statistical Analysis

All data are presented as means + standard deviation (SD).
The behaviors were analyzed using repeated measures
one-way analysis of variance (ANOVA) followed by the
Tukey post-hoc test. The protein expressions were ana-
lyzed using Student’s ¢ test, one- or two-way ANOVA
followed by the Tukey post-hoc test. Statistical analyses
were performed using SPSS version 19.0. A value of

P<0.05 was considered statistically significant.

Results

Thoracotomy Induced Long-Lasting
Mechanical Hyperalgesia and Cold
Allodynia in Rats

As reported in previous studies,'**

our results showed
thoracotomy induced long-lasting significant decrease in
the MWT and increased the number of scratching around
the surgical site, which persisted for at least 21 days after
thoracotomy (Figure 1A and B). According to the diag-
nostic criteria of CPTP rats,23 the rats underwent thoracot-
omy and developed hyperalgesia (MWT <4 g) on POD 21
were divided into the CPTP group, while the remaining
rats without hyperalgesia (MWT > 4 g) after thoracotomy
were included in the non-CPTP group. Compared with the
control group, rats in the sham group and non-CPTP group
had decreased MWT and increased number of scratching
on POD 3 and 6 (Figure 1A and B), and there was no
significant difference between sham group and non-CPTP
group (P > 0.05, Figure 1A and B). Ultimately, rats in the
sham group and non-CPTP group did not show any
mechanical hyperalgesia or cold allodynia on POD 21
(P > 0.05, Figure 1A and B). CPTP was present in 16 of
30 rats undergoing thoracotomy (53.3%), and the inci-
dence was similar to previously reported.>* These results
indicated thoracotomy produced CPTP in rats.
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Figure | Thoracotomy induced CPTP in rats. (A) The assessment of mechanical hyperalgesia by MWT. (B) The assessment of cold allodynia by cold acetone-induced
scratching; *P < 0.05, ¥P < 0.01 or **P < 0.001, vs control group; "*P < 0.001, vs non-CPTP group; repeated measures one-way ANOVA; control: n= 10; sham: n=10; non-

CPTP: n=14; CPTP: n=16.

Shh Signaling and BDNF/TrkB Pathway

Were Activated in CPTP Rats

The expressions of Shh-related proteins (Shh, Ptchl, Smo and
Gill) were detected in the T4-5 SDH by Western blotting. On
POD 9, 15 and 21, ipsilateral T4-5 SDH of rats with hyper-
algesia (MWT < 4 g) after thoracotomy was collected for
Western blotting. Results showed the expressions of Shh,
Ptchl, Smo, and Glil were significantly higher than in the
control group (Figure 2A and B). Moreover, the expressions of
Shh, Ptchl and Smo significantly increased in the ipsilateral
T4-5 SDH of CPTP rats as compared to rats in other groups on
POD 21 (P < 0.001, Figure 2C). As a nuclear transcription
factor in the Shh signaling pathway, the expression of Glil in
the nuclear extract significantly increased in CPTP rats on
POD 21 (P < 0.001, Figure 2D). Additionally, immunofluor-
escence staining showed the expression of Shh in the ipsilat-
eral T4-5 SDH of CPTP rats significantly increased as
compared to that in the contralateral T4-5 SDH (Figure 2E).
These results indicated Shh signaling was activated in CPTP
rats.

To investigate the role of BDNF/TrkB pathway in the
CPTP, the BDNF expression was detected in the ipsilateral
T4-5 SDH by Western blotting. Results showed the BDNF
expression in the CPTP rats significantly increased as com-
pared to naive rats and non-CPTP rats (P < 0.001,
Figure 3A). Since TrkB is a high-affinity receptor for
BDNF, TrkB expression was also detected in ipsilateral T4-
5 SDH. Results showed the phosphorylated TrkB (p-TrkB)
significantly increased in the CPTP group (P < 0.001,
Figure 3A), while the total amount of TrkB remained
unchanged (P > 0.05, Figure 3A). Subsequently, the expres-
sions of p-PI3K and p-Akt were detected, and results showed
the phosphorylation of PI3K and Akt significantly increased
in CPTP rats (Figure 3B). These results indicated that the

upregulation of BDNF and the activation of PI3K/Akt path-
way may be related to the pathogenesis of CPTP.

Additionally, to further certify the relationship between
Shh and BDNF, both were detected by immunofluores-
cence staining. Results showed Shh and BDNF expres-
sions significantly increased in ipsilateral T4-5 SDH of
CPTP rats and co-expression of Shh and BDNF was
observed (Figure 3C).

Inhibition of Shh Signaling Alleviated
Hyperalgesia in CPTP Rats

Moreover, Shh signaling inhibitor cyclopamine was intrathe-
cally injected into hyperalgesia rats (MWT < 4g) on POD 7-9
(Figure 4A). Our results showed cyclopamine increased the
MWT and reduced the number of scratching induced by cold
acetone in CPTP rats until POD 21 (Figure 4B and C), sug-
gesting that inhibition of Shh signaling significantly alleviated
hyperalgesia in CPTP rats. Besides, the intrathecal adminis-
tration of cyclopamine effectively reduced the expressions of
Gill (P<0.01, Figure 4D) and BDNF (P <0.01, Figure 4E) in
ipsilateral T4-5 SDH of CPTP rats on POD 21. Although the
total protein expression of TrkB remained unchanged, the
p-TrkB expression significantly decreased in the CPTP+CLP
group (P <0.001, Figure 4E). The expressions of p-PI3K (P <
0.05, Figure 4F) and p-Akt (P < 0.001, Figure 4F) also
significantly reduced in the CPTP+CLP group. Taken
together, the above results indicated inhibition of Shh signal-
ing alleviated CPTP, suppressed BDNF/TrkB pathway and
reduced the activation of PI3K/Akt pathway.

Activation of Shh Signaling Induced
Hyperalgesia in Non-CPTP Rats

To further elucidate the role of Shh signaling in CPTP, the
Shh signaling agonist SAG was intraperitoneally injected
into non-CPTP rats on POD 21 (Figure 5A). Our results
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Figure 2 Shh signaling activation in ipsilateral T4-5 SDH of CPTP rats. (A) Results showed a time-dependent increase in the expressions of Shh, Ptchl, and Smo in the
ipsilateral T4-5 SDH of rats (n=4 each group). (B) Results showed a time-dependent increase in the expression of Gill in the nuclear extract of the ipsilateral T4-5 SDH of
rats (n=4 each group). (C) The expressions of Shh, Ptch| and Smo were measured by Western blotting in the ipsilateral T4-5 SDH of rats on POD 21 (n=6 each group). (D)
The expressions of Gill were measured by Western blotting in the ipsilateral T4-5 SDH of rats on POD 21 (n=6 each group). (E) The Shh expression (green) were detected
by immunofluorescence staining in ipsilateral and contralateral T4-5 SDH of rats on POD 21. *P < 0.05, *P < 0.01 or *¥%P < 0001, vs control group; P < 0.001, vs non-

CPTP group; one-way ANOVA; scale bar: 100 pm.

showed SAG induced a reduction in MWT and increased
the number of scratching at the surgical site in non-CPTP
rats (P < 0.001, Figure 5B and C). At 6 h after SAG
administration, the Gill expression increased significantly
(P < 0.001, Figure 5D). Then, BDNF/TrkB pathway was

activated, which was characterized by the elevated expres-
sions of BDNF (P < 0.01, Figure 5E), p-TrkB (P < 0.05,
Figure 5E), p-PI3K and p-Akt (P < 0.001, Figure 5F) in
the non-CPTP rats after SAG administration. Based on
these findings, we speculated that Shh signaling was
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Figure 3 Shh signaling activated BDNF/TrkB pathway. (A) The expressions of BDNF, p-TrkB, TrkB were detected by Western blotting in ipsilateral T4-5 SDH of rats on
POD 21. (B) The expressions of p-PI3K and p-Akt were measured by Western blotting in ipsilateral T4-5 SDH of rats on POD 21. (C) The expressions of Shh (red) and
BDNF (green) were measured by immunofluorescence staining and Shh was colocalized with BDNF in ipsilateral T4-5 SDH of rats on POD 21 (yellow). **P < 0.01 or ***P <
0.001, vs control group; *P < 0.01 or ##p < 0.001, vs non-CPTP group; one-way ANOVA; n=6 each group; scale bar: 50 um.

involved in the pathogenesis of CPTP by activating the
BDNF/TrkB pathway.

Discussion

Our study revealed that Shh signaling was involved in the
pathogenesis of CPTP via activating BDNF/TrkB pathway,
and inhibition of Shh signaling effectively alleviated
CPTP. To our knowledge, this study for the first time
reported the role of Shh signaling in the pathogenesis of
CPTP.

Currently, the pathogenesis of CPTP remains unclear.
Previously, CPTP was regarded as a type of neuropathic
pain caused by intercostal nerve injury.’® Nevertheless,
increasing studies show that only 23% of CPTP patients
have definite neurological damage, and minimally invasive
surgery with less intercostal nerve injury may also cause
CPTP.>’ This indicates CPTP has different pathological
mechanisms from neuropathic pain. To further investigate
the pathogenesis of CPTP, a rat model to CPTP was
established by thoracotomy. In the present study, results
showed 53.3% of rats developed CPTP after thoracotomy,
which was similar to the clinical incidence of CPTP.*?
Interestingly, rats had differences in pain exacerbation and
relief on POD 3. Rats that had no hyperalgesia on POD 6
did not develop CPTP, which was consistent with previous
findings.>** These results indicated that this rat model

may simulate the clinical CPTP.

Shh signaling is a signaling pathway essential for the
embryonic development, and its abnormalities will cause
birth defects, tissue remodeling, stem cell regeneration and
tumor growth.” Additionally, Shh is a pleiotropic factor of
the central nervous system, can promote cell proliferation,
differentiation, and targeted growth of axons in the devel-
oping brain and spinal cord, and plays a decisive role in
the differentiation of neural precursor cells into neurons or
glial cells.® Recently, emerging studies have shown that
Shh signaling is closely related to the pain.'*'* Babcock
et al found the Shh signaling was involved in the nocicep-
tive sensitization in drosophila.'> Moreover, activation of
Shh signaling promotes the development of bone cancer
pain by regulating the excitability of sensory neurons.'?
Pancreatic stellate cells may cause pancreatic cancer pain
through activating Shh signaling,” and intraperitoneal
administration of Shh inhibitor cyclopamine can sup-
press the morphine-induced hyperalgesia and reduce mor-
phine tolerance.'* Besides, astrocyte activation is
positively related to hyperalgesia. There is evidence show-
ing that Shh signaling can regulate Bcl-2 and Bax to affect
astrocyte apoptosis,”® which may be one of mechanisms
by which Shh signaling regulates nociceptive sensitization.
In the present study, our results showed that the expres-
sions of Shh signaling molecules significantly increased in
the SDH of CPTP rats. Furthermore, inhibition of Shh

signaling significantly alleviated CPTP in rats. Studies
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Figure 4 Shh signaling inhibition alleviated hyperalgesia and down-regulated BDNF/TrkB pathway in CPTP rats. (A) Cyclopamine administration. (B) Effect of cyclopamine
was evaluated by MWT. (C) Effect of cyclopamine was evaluated by the number of scratching in the cold allodynia test. (D—F) After administration of cyclopamine, Western
blotting showed the expression of Gill, BDNF, p-TrkB, TrkB, p-PI3K and p-Akt in ipsilateral T4-5 SDH on POD 21. *P < 0.05, **P < 0.0] or ***P < 0.001, vs sham+DMSO
group; #P < 0.05, P < 0.01 or P < 0,001, vs CPTP+DMSO group; repeated measures one-way ANOVA or two-way ANOVA; n=7 each group.

have shown that activation of Shh signaling by SAG can
induce thermal hyperalgesia in naive mice,'* and our
results also indicated that SAG could also induce hyper-
algesia in non-CPTP rats. The above results indicate that
activation of Shh signaling contributes to CPTP.
Accumulating studies have shown that BDNF plays
a crucial role in promoting pain transmission in chronic
pain.!” The increased BDNF expression in the spinal cord
can be observed in case of neuropathic pain and inflamma-
tory pain.’'** However, the role of BDNF in the pathogen-
esis of pain is still controversial. Although a majority of
studies have indicated that increased expression of BDNF

31-33

in the spinal cord induces pain hypersensitivity, some

studies also reported that BDNF exerted limited pronocicep-
tive effect and even antinociceptive effect on the pain.**°
Previous studies indicated that Shh signaling activation in the
up-regulated BDNF

expression.'” Liu et al found that Shh signaling activation

cavernous and sciatic nerves
significantly elevated BDNF expression in the spinal cord of
morphine-induced hyperalgesia rats, and administration of
K252, an antagonist of BDNF, attenuated the thermal allo-
dynia induced by SAG."* These indicate that Shh signaling
can activate the BDNF expression. In the present study, our
results showed that BDNF expression also significantly
increased in SDH of CPTP rats after Shh activation, and

the expressions of BDNF and p-TrkB markedly decreased
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Figure 5 Shh signaling activation induced hyperalgesia and up-regulated BDNF/TrkB pathway in non-CPTP rats. (A) SAG administration. (B) Effect of SAG was evaluated by

MWT. (C) Effect of SAG was evaluated by the number of scratching. (D-F) At 6 h

after SAG administration, Western blotting showed the expressions of Gill, BDNF,

p-TrkB, TrkB, p-PI3K and p-Akt in ipsilateral T4-5 SDH on POD 21. *P < 0.05, **P < 0.01 or **P < 0.001 vs non-CPTP+DMSO group; repeated measures one-way ANOVA

or Student’s t-test; n=6 each group.

after inhibition of Shh signaling, which was accompanied by
the relief of hyperalgesia and cold allodynia in CPTP rats.
Besides, the Shh signaling activation in non-CPTP rats also
significantly increased BDNF expression. These results sug-
gest that Shh signaling may affect CPTP by regulating the
BDNF/TrkB signaling pathway.

Binding of BDNF to TrkB activates multiple signaling
pathways, including MAPK/ERK, PLC, and PI3K/
Akt.'8193738 PI3K/Akt signaling pathway plays an essential
regulatory role in the development of pain. Studies have
indicated that the expressions of p-Akt and p-mTOR increase

in rats with inflammation-induced pain, which are mainly found
in the neurons of the I, I11, and IV layers of SDH.*” Pezet et al*’
found that intrathecal administration of LY294002 (PI3K inhi-
bitor) inhibited the increase of p-Akt expression in the SDH,
exerting an analgesic effect. In the neuropathic pain rats, the
p-Akt expression increased in the L4-6 DRG, and pretreatment
of PI3K or Akt inhibitors dampened mechanical hyperalgesia
and thermal allodynia induced by nerve damage.*' These sug-
gest that activation of PI3K/Akt pathway is involved in the
pathogenesis of chronic pain. In the present study, our results
showed that the expressions of p-PI3K and p-Akt significantly
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increased in the SDH of CPTP rats, which was consistent with
the change in the BDNF expression. Inhibition of Shh signaling
decreased BDNF expression, ultimately reducing the expres-
sions of p-PI3K and p-Akt. These results indicate that PI3K/Akt
signaling pathway is involved in the pathogenesis of CPTP.
Therefore, we speculate that Shh signaling activates the BDNF/
TrkB signaling pathway in the spinal cord, which then activates
the downstream PI3K/Akt signaling pathway and is responsible
for CPTP. However, in this study, we did not further validate
whether BDNF upregulation could activate PI3K/Akt pathway
in CPTP rats. This was one of limitations in the present study.
Therefore, more evidence is needed to elucidate the relationship
between BDNF and PI3K/Akt pathway in the pathogenesis of
CPTP.

Conclusion

In conclusion, our results suggest that Shh signaling contri-
butes to CPTP via activating BDNF/TrkB pathway. Inhibition
of Shh signaling can alleviate CPTP and is expected to
become a new potential therapeutic target for CPTP.
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