Journal of Pain Research

Dove

ORIGINAL RESEARCH

PKCpII-induced upregulation of PGP9.5 and VEGF
in postoperative persistent pain in rats

Xiang Zhu*

Yuxi Liu*
Hongfang Huang
Yonghua Zhang
Saisai Huang
Weiwei Zhou
Xiaocui Bian
Shiren Shen

Su Cao

Department of Anesthesiology,
Affiliated Hospital of Nantong
University, Nantong, Jiangsu 226001,
People’s Republic of China

*These authors contributed equally to
this work

Correspondence: Yuxi Liu; Dr Su Cao
Department of Anesthesiology, Affiliated
Hospital of Nantong University, 20 Xisi
Road, Nantong, Jiangsu 226001, People’s
Republic of China

Email liuyuxi919@163.com;
sul_caol23@163.com

This article was published in the following Dove Press journal:
Journal of Pain Research

Purpose: Postoperative pain is a common clinical problem. In this study, we aimed to investigate
the role of protein kinase C BII (PKCPBII) in the progression of postoperative pain following
skin/muscle incision and retraction (SMIR) surgery.

Materials and methods: SMIR postoperative pain model was established in rats, akin to
a clinical procedure. The expression level and location of p-PKCpII were observed in dorsal
root ganglion (DRG) or spinal cord from SMIR-operated rats by Western blotting and immuno-
fluorescence. In addition, the effects of PKCPII on the expression of protein gene product 9.5
(PGP9.5) or vascular endothelial growth factor (VEGF) were assessed by using pharmacologi-
cal activator and inhibitor of PKCBII. Moreover, mechanical withdrawal threshold (MWT) was
assessed before or after SMIR-operated rats were treated with inhibitor or activator of PKCBII.
Results: The expression of PKCPBII in DRG and spinal cord was significantly increased after
SMIR surgery (P < 0.001, P < 0.01) and expression of PKCPBII was located in the neurons of
the spinal cord, and magnocellular neurons, non-peptide neurons, and peptide neurons in DRG.
Besides, compared with skin/muscle incision group, retraction caused a marked increase in the
expression of PKCII and a significant decrease of MWT (P < 0.001, P < 0.05). The activator
of PKCBII greatly increased the expression of PGP9.5 and VEGF (P < 0.05, P < 0.01) and
enhanced MWT (P < 0.001), while inhibitor of PKCBII decreased the expression of PGP9.5
and VEGF and attenuated MWT (P < 0.05, P < 0.01, P < 0.001).

Conclusion: Activation of PKCBII signaling pathways might be an important mechanism in
the progression of postoperative pain.
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Introduction
Postoperative pain is a common clinical problem encountered by about 10-50% of
patients. With extinction of postoperative inflammation or tissue healing, it may develop
from acute pain to chronic persistent pain.' Consequently, the mechanism underlying
the transformation from acute pain to chronic persistent pain after surgery becomes
an important research field which has been extensively studied. Most studies focused
on peripheral sensitization and central sensitization caused by neuronal plasticity.
Protein kinase C (PKC) isozymes are a family of serine/threonine protein kinases
that are divided into three subfamilies based on structural differences in their amino-
terminal regulatory domains.? The conventional PKC isozymes include the isoforms
a, BI, BII, and y, which are sensitive to activation by diacylglycerol, phorbolesters, and
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calcium. Among them, PKCBII is an alternatively spliced
isoform of PKCBI which contains an additional 43 residues
at the amino terminus.

PKC plays very wide and important functions in various
phenomena of life, which can induce pain in a variety of
ways.>” Besides, its blockers have been shown to enhance the
analgesic effect of morphine.® Moreover, high expressed PKC
is also observed to have an effect on mitochondrial function,’
cell injury and apoptosis,®’, cell adhesion,!* and astrocytes
gap junction protein.!" In addition, increased expression of
PKC isoform is associated with neuronal plasticity and the
release of neurotransmitters.'? Interestingly, a number of
PKC isozymes (a, BI, and BII; calcium-dependent) have
been found in the anatomical areas that regulate chronic pain
and nociception (e.g., amygdala, periaqueductal gray, dorsal
root ganglia, spinal cord, etc.), but individual subtype is not
necessary for acute pain.' Yet studies regarding the mecha-
nisms of postoperative pain, in response to PKC isozymes,
are scarce. Thus, uncertainty remains regarding the direct
effects of PKCBII on nociceptors.

In the present study, we established the rat model of
postoperative pain evoked by skin/muscle incision and retrac-
tion (SMIR) surgery according to reference by Flatters.!
We aimed to study alterations of PKCPII expression after
SMIR, to investigate the role of PKCBII on the progression
of postoperative persistent pain following SMIR surgery.

Materials and methods

Animals and grouping

Male adult Sprague Dawley rats (weighing 200-250 g) were
purchased from the Experimental Animal Center of Nantong
University (Jiangsu, China) and maintained in the animal
housing facility with controlled room temperature (23 £ 1°C)
and allowed free access to rodent diet and tap water. The rats
were acclimatized to the housing facility for 3 days before
experiments. In this study, all the experimental protocols were
approved by the Animal Use and Care Committee for Research
and Education of Nantong University (Jiangsu, China). Animal
treatments were performed according to the Guidelines of the
International Association for the Study of Pain.'

The rats were randomly assigned to six groups (n = 5/
group): control group, Sham group, SMIR group, PKCBII
agonist group, PKCBII Inhibitor group, and solvent group.
The rats in the control group did not receive any treatment.
Sham-operated rats underwent skin/muscle incision with the
exception of the skin/muscle retraction. The rats in the SMIR
group underwent 1-h retraction after the skin/muscle inci-
sion as described by Flatters."* PKCBII agonist TPA, Phorbol

12-myristate 13-acetate (PMA) (110 ng; Sigma-Aldrich Co.,
St. Louis, MO, USA; lot number: P8139-1MG) and PKCBII
inhibitor LY333351 (20 pg; Enzo Life Sciences; lot num-
ber: ALX-270-348-M001) were dissolved in 0.25% DMSO
(Sigma-Aldrich Co.; lot number: S16063) and were intrathe-
cally injected into animals of PKCPII agonist and PKCPII
inhibitor groups, respectively, on 7th day after SMIR surgery,
while rats in solvent group were injected with 0.25% DMSO.
For intrathecal injection, the rats were anesthetized with iso-
flurane. The spinal cord puncture was made with a 30-gauge
needle between the L4 and LS5 level to deliver the reagents (20
pL) to the cerebrospinal fluid. Immediately, a brisk tail flick was
observed after the needle entry into the subarachnoid space.'®

Establishment of theSMIR model

The animals were anesthetized with 10% chloralhydrate
(400-500 mg/kg, intraperitoneal) and placed in the supine
position. A 1.5-2 cm skin incision, 4 mm medial to the saphe-
nous vein, was made to expose the muscle of the thigh, after
the medial thigh on the right leg was shaved and sterilized.
An incision (7-10 mm long, 4 mm medial to the saphenous
nerve) was made in the superficial muscle layer of the thigh.
To allow the insertion of a micro-dissecting retractor, the
superficial muscle was then isolated by spreading blunt
scissors within the muscle incision site. The retractor was
inserted into the incision site, and the superficial muscle
of the thigh was retracted by 2 cm. During the retraction
period, the saphenous nerve was displaced and potentially
stretched around the retractor, but not compressed against
a hard surface such as bone. The incision site was covered
with gauze that was moistened with sterile saline to prevent
surgical site dehydration. After 1 h, the muscle and skin of
the surgical site was closed with 4.0 Vicryl ® (Ethicon US,
LLC, Bridgewater, NJ, USA) sutures.

Measurement of mechanical allodynia

Mechanical allodynia was assessed using up-down para-
digm!” with von Frey filaments (IITC Life Science Inc.
Woodland Hills, CA, USA) ranging from 1.4 to 26 g. Animals
were placed on an elevated wire mesh floor and confined
underneath individual overturned Plexiglass® box (Nantong
Jingxin Optical Glass, Co. Ltd., Nantong, China) (22 x 22 x
12 cm®). Before baseline (preoperative) recording, rats were
adapted to the testing environment, 30 min/d for 3 consecu-
tive days. Tests were conducted from 8:30 a.m. A series of
von Frey hair stimuli was delivered in an ascending order of
forces to the mid-plantar area of the hind paw encircled by
tori/footpads. Shrinking, swing, or paw licking were regarded
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as positive reactions. Each filament was presented five
times within 30 s to determine the response threshold. If the
response was not elicited at least twice, the next ascending
von Frey filament was applied until at least two responses
were observed. The responses were recorded in grams of
paw withdrawal averaged over 3—5 applications referred to
as mechanical withdrawal threshold (MWT). Behavioral
tests were performed prior to and 1, 3, 7, 14, and 21 days
following SMIR surgery.

Measurement of thermal allodynia

Animals were placed in individual Perspex boxes on a glass
floor. Nociceptive responses to a noxious heat stimulus were
examined by measuring the hind paw withdrawal latency
from a focused beam of radiant heat to the plantar surface
using a plantar test apparatus (Ugo Basile, Milan, Italy). The
apparatus had a built-in cut-off latency of 31.2 s and evoked
hand paw withdrawal latencies of 12—14 s when the light
intensity was set at 40 W. Right hind paw of each rat was
tested three times and then an average of these three readings
was taken. To avoid sensitization of the paws, a gap of 5 min
was given before the same hind paw was retested. Prior to
the SMIR procedure, three baseline measurements of heat
sensitivity were taken on separate days, and the averaged
value was taken as pre-surgery baseline value.

Western blotting

After the rats were anesthetized as described previously, lum-
bar regions 3-5 of the spinal cord and L5 DRG were prepared
in the same manner at appropriate survival times and homog-
enized in a lysis buffer containing protease and phosphatase
inhibitors (Sigma-Aldrich Co.). Protein concentrations were
measured by the BCA Protein Assay (Pierce, Rockford, IL,
USA). Subsequently, equal amounts (40 pg/lane) of total
protein from the spinal cord sample and equal amounts (30
pg/lane) of total protein from DRG sample were separated
on 10% SDS-PAGE (Beyotime Biotech Inc., Nanjing, China)
and transferred onto polyvinylidene difluoride membranes
using standard procedures. The membranes were blocked
with 5% milk in phosphate-buffered saline (PBS) with
0.1% Tween-20 for 120 min at room temperature. Following
washes, blots were incubated overnight at 4°C with polyclonal
antibody against PKCBII phosphorylated on Ser660 (rabbit,
1:200; Abcam), VEGF (sheep, 1:200; sc-7903; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA), PGP9.5 (mouse,
1:200; Abcam). For the loading control, glyceraldehyde
phosphate dehydrogenase (GAPDH) antibody (mouse, 1:
20,000; EMD Millipore, Billerica, MA, USA) served as an

endogenous internal reference. The membranes were washed
three times with Tris-buffered saline/Tween buffer and
incubated with the corresponding horseradish peroxidase-
conjugated secondary antibody (1:2,000; GE Healthcare
Life Sciences, Chalfont, UK) for 2 h followed by three
washes. Blots were visualized in electrochemiluminescence
solution and exposed on Hyperfilm (Bio-Rad Laboratories
Inc., Hercules, CA, USA) for 2—5 min. Specific bands were
then evaluated by apparent molecular size. The intensity of
the selected bands was analyzed by using Image J software
(NIH, Bethesda, MD, USA).

Immunohistochemistry

On day 0 and day 7 after SMIR, the rats were anesthetized
with pentobarbital and perfused through the ascending aorta
with PBS followed by 4% paraformaldehyde in 0.1 M PB.
After the perfusion, the L3-L5 spinal cord and LS DRG from
each rat were quickly removed, post-fixed in the same fixative
at 4°C overnight and transferred to 20% and subsequently
in 30% sucrose solution, respectively. After cryoprotection
with 30% sucrose, the spinal cord (30 pm, free-floating) and
DRG sections (14 um) were cut in a cryostat and processed
for immunofluorescence staining. The sections were first
blocked with 5% goat serum for 2 h at room temperature and
then incubated at 4°C overnight with the following primary
antibodies: PKCPBII phosphorylated on Ser660 (rabbit, 1:200;
Abcam), NeuN antibody (mouse, 1:5,000; EMD Millipore),
CD11-b (mouse, 1:200; EMD Milipore), and glial fibrillary
acidic protein (GFAP) antibody (mouse, 1:5,000; EMD Mil-
lipore) for spinal cord and NF200 (mouse, 1: 1,000; EMD
Milipore), IB4 (mouse, 1:6,000; Sigma-Aldrich Co.), and
calcitonin gene-related peptide (CGRP) (mouse, 1:1,000;
Sigma-Aldrich Co.) for DRG section. The sections were then
incubated for 2 h at room temperature with Cy3- or fluores-
cein isothiocyanate (FITC)-conjugated secondary antibodies
(1:400; Jackson ImmunoResearch, West Grove, PA, USA).
For double immunofluorescence, the sections were incubated
with a mixture of mouse and rabbit (or goat) primary anti-
bodies followed by a mixture of FITC- and Cy3-conjugated
secondary antibodies. The stained sections were examined
with a Leica fluorescence microscope, and images were
captured with a charge-coupled device (CCD) spot camera.
The sections with double staining were imaged with an FV10i
confocal microscope (Olympus, Tokyo, Japan).

Statistical analysis
All statistical analyses were presented as mean + SEM and
analyzed by SPSS 16.0 software (SPSS Inc., Chicago, IL,
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USA). For behavioral studies, the data were analyzed with
two-way analysis of variance (ANOVA) followed by a Bon-
ferroni’s test for post hoc analysis. The differences of protein
expression among multiple groups were compared by using
one-way ANOVA followed by Newman—Keuls post hoc test
or by the Student’s #-test if only two groups were applied.
P < 0.05 was considered statistically significant.

Results
SMIR surgery induces MWT values

Before investigating mechanical pain, we performed
experiments to investigate whether SMIR affects heat
hyperalgesia. As shown in Figure 1A, SMIR had no effects
on heat hyperalgesia or cold allodynia pain hypersensitiv-
ity, which is consistent with previous report.'® Therefore,
mechanical hypersensitivity became the focus. As shown
in FigurelB, the MWT was obviously decreased at each
time point in the SMIR group compared to the control
and sham-operated group in a time-dependent manner
(P <0.05, P<0.01, P<0.001, respectively). The MWT
of SMIR-operated rats decreased on postoperative day 1
and this decrease was held on for over 21 days. During
the period of SMIR-induced mechanical hypersensitivity
in the ipsilateral paw, the postoperative day 7 showed the
most prominent reduction (the threshold decreased by
86%) compared with the baseline (P < 0.001). However,
the sham-operated and normal groups did not show any
marked changes at any of the time points, and no significant
difference was observed between the Sham and normal
groups (P > 0.05). The results indicated that SMIR induced
persistent significant mechanical hypersensitivity, in a
time-dependent manner.
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SMIR induces p-PKCBII expression in the
spinal cord and in DRG

According to the time course of SMIR-induced pain behavior,
we examined p-PKCPII expression in the lumbar spinal cord
and DRG (L4-5) at 7 days after SMIR by using Western
blotting and immunostaining in naive, sham, and SMIR-
operated groups. Western blot analysis showed that p-PKCpII
expression significantly increased at day 7 after SMIR both
in the lumbar spinal cord (P <0.05, SMIR vs naive, sham;
Figure 2A) and in the DRG (P < 0.05, SMIR vs naive, sham;
Figure 3A). Immunohistochemistry showed that p-PKCBII
was expressed in the superficial dorsal horn. More p-PKCBII-
immunoreactive (IR) cells were found in SMIR-operated
rats than in naive and sham rats at postoperative day 7 in
the spinal cord (P < 0.05, Figure 2B and C) and in the DRG
(P < 0.05, Figure 3B and C).

To define the cellular distribution of p-PKCBII in the
spinal cord, we performed double staining of p-PKCBII with
different cell markers. As shown in Figure 4, p-PKCBII-IR
was colocalized with the neuronal marker NeuN (Figure 4C),
but not with microglial marker CD11b (Figure 4F) or astro-
cytic marker GFAP (Figure 4I), suggesting the localization
of p-PKCpII is in spinal neurons.

In addition, the cellular distribution of p-PKCII in DRG
was also determined by double staining of p-PKCBII with
different cell markers. As shown in Figure 5, p-PKCBII-IR
was colocalized mostly with the non-peptide neuron marker
IB4 (Figure 5F), but slightly with magnocellular neurons
marker NF200 (Figure 5C) or peptide neuron marker CGRP
(Figure 5I), suggesting the localization of p-PKCpII in mag-
nocellular neurons, non-peptide neurons, and peptide neurons
in DRG, but mostly in the non-peptide neurons.
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Figure | (A) Skin/muscle incision and retraction (SMIR)-induced thermal response to pain. Compared with the control group, *P < 0.05; compared with the Sham group, *P <
0.05, ¥*P < 0.01. (B) SMIR-induced allodynia (mechanical pain sensitization) in response to hind paw mechanical stimulation. The mechanical withdrawal thresholds (MWTs) in
the control (naive), sham, and SMIR groups are plotted at baseline and at different time points after SMIR. The decreased MWT after SMIR is indicative of allodynia. Compared
with the control (naive) group, #P < 0.05, *#P < 0.01, *#P < 0.001; compared with the Sham group, *P < 0.05, ***P < 0.001.
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Figure 2 Upregulation of p-PKCBII in the lumbar spinal cord after SMIR. (A) Expression of p-PKCpII 7 days after SMIR was determined by densitometric analysis on Western
blots using PKCBII as control. Compared with the untreated control and Sham groups, expression level of p-PKCpII was significantly higher at 7 days after SMIR (*P < 0.05);
n=>5 for each group. (B) Average values of density of p-PKCpII-positive cells in the lumbar spinal cord in SMIR, naive, and Sham groups. SMIR and Sham values were compared
for the same time and segment by one-way analysis of variance (***P < 0. 001); n=5 for each group. (C) Immunostaining pictures of the p-PKCpII expression in the lumbar

spinal cord in naive, sham, and SMIR 7 days animals.

Abbreviations: SMIR, skin/muscle incision and retraction; PKCBII, protein kinase C BII.

Intrathecal injection of PKCpII agonist

PMA enhances mechanical allodynia

To investigate the role of PKCBII in the mechanical allodynia,
we intrathecally injected a PKCBII agonist PMA at a dose of
100 ng at day 7 after SMIR. As shown in Figure 6, the MWT
was obviously decreased in the PMA group, as compared with
the solvent group and the naive group, in a time-dependent
manner. The MWT of PMA rats was significantly decreased
at 1 h after injection, and this decrease was held on for about
6h (P<0.001). Afterward, the MWT began to recover to the
baseline level, and after 12 h PMA did not show any effect on
mechanical allodynia (P > 0.05). This result suggested that
PKCBII activation aroused mechanical allodynia.

PMA upregulates PGP9.5 and VEGF
expression

To examine whether PGP9.5 and VEGF are involved in
neuropathic pain, we then tested the PGP9.5 and VEGF
expression level after PMA treatment. The results indicated

that PMA upregulated the PGP9.5 and VEGF expression both
in the spinal cord (Figure 7A and B) and DRG (Figure 7C
and D) significantly (P < 0.05, P < 0.01, P < 0.001).

Intrathecal injection of PKCpII inhibitor
LY333531 attenuates mechanical allodynia
Further, we determined whether the PKCBII inhibitor was
capable of reducing allodynia. As the MWT peaks at 7
days after SMIR, we examined the analgesic effect of the
PKCBII inhibitor LY333531 by intrathecal injection at 7 days
after SMIR. As shown in Figure 8, intrathecal injection of
LY333531 markedly increased MWT initiation within 1 h and
peaked at 6 h (P < 0.01, P < 0.001), with the pain returning
within 12 h (P > 0.05).

LY333531 downregulates PGP9.5 and

VEGF expression
To determine the possible role of PGP9.5 and VEGF in
LY333531-induced inhibition of neuropathic pain, we
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Figure 3 Upregulation of p-PKCBIl in the DRG after SMIR. (A) Expression of p-PKCpII 7 days after SMIR was determined by densitometric analysis on Western blots using
PKCBII as control. Compared with the untreated control and Sham groups, expression levels of p-PKCBII were significantly higher 7 days after SMIR (*P < 0.05); n=5 for
each group. (B) Average values (SD) of densitometric analysis of p-PKCBII-positive cells in the DRG in SMIR, naive, and sham groups. SMIR and Sham values were compared
for the same time and segment by one-way analysis of variance (***P < 0.001); n=5 for each group. (C) Immunostaining pictures of the p-PKCpII expression in the DRG in
naive, sham, and SMIR animals.

Abbreviations: SMIR, skin/muscle incision and retraction; DRG, dorsal root ganglion; PKCII, protein kinase C lI.

p-PKCBII p-PKCBII

p-PKCBII
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Figure 4 Neuronal expression of p-PKCBII in the lumbar spinal cord. Spinal cord sections (L4-L5) excised 7 days after SMIR were double-labeled with p-PKCRII and the
neuron marker (NeuN) (A—C) antibodies, or p-PKCBII and microglial marker (CD11b) (D—F) antibodies, or p-PKCBII and glial fibrillary acidic protein (GFAP) (G-) to
detect the expression of p-PKCpII. Double staining shows that p-PKCBII is co-localized with NeuN, but not with CD I Ib or GFAP.

Abbreviations: SMIR, skin/muscle incision and retraction; PKCBII, protein kinase C BlI.
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Figure 5 Expression of p-PKCBII in the L5 DRG in SMIR, naive, and Sham groups. L5 DRG sections excised 7 days after SMIR were double-labeled with p-PKC@II and
DRG magnocellular neurons marker (NF200) antibodies (A—C), or p-PKCBII and DRG non-peptide neuron marker (IB4) antibodies (D—F), or p-PKCBIl and DRG peptide
neuron marker (CGRP) antibodies (G-1I) to detect the expression of p-PKCBII. Double staining shows that p-PKCBlIl is colocalized with NF200 (C), IB4 (F), and CGRP (I).
Abbreviations: SMIR, skin/muscle incision and retraction; DRG, dorsal root ganglion; CGRP, calcitonin gene-related peptide; PKCBII, protein kinase C BII.
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Figure 6 At day 7 after SMIR, intrathecal injection of p-PKCpII agonist PMA at a dose of 100 ng increases mechanical allodynia. Compared with the 0.25% DMSO group,

***P < 0.001; compared with the control group, #*P <0.001; n=5 for each group.

Abbreviations: SMIR, skin/muscle incision and retraction; PKCBII, protein kinase C Bll; PMA, TPA, Phorbol |2-myristate |3-acetate; BL, baseline.

then tested the PGP9.5 and VEGF expression levels after
LY333531 (20 pg) treatment at 7 days after SMIR. The
results indicated LY333531 significantly reduced SMIR-
induced PGP9.5 and VEGF expression both in the spinal
cord (Figure 9A and B) and in the DRG (Figure 9C and D)
(P<0.05,P<0.01, P<0.001).

Discussion
SMIR, which stretches skin/muscle tissue around the inci-
sion without damaging the main peripheral nerves, can better

reflect the characteristics and postoperative persistent pain
around the incision process of inflammatory microenviron-
ment."* SMIR in rats resulted in prolonged allodynia, con-
firming the utility of this model of postoperative pain. In this
study, we used SMIR model made in the thigh of rats to study
the effect of PKCPII on the mechanisms of progression from
acute to chronic pain. Naive, sham-operated, and SMIR ani-
mals were evaluated for pain progression with measurements
of mechanical allodynia developed in the plantar surface of
the respective hind paws. Results show that MWT of SMIR
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Figure 7 Upregulation of PMA-induced PGP9.5 and VEGF expression in the spinal cord and the DRG. (A, B) Expression of PGP9.5 and VEGF in the spinal cord after PMA
treatment was determined by densitometric analysis on Western blots using GAPDH as the internal control. Compared with the control and DMSO group, *P < 0.05, **P
< 0.01, ¥*P < 0.001; n=5 for each group. (C, D) Expression of PGP9.5 and VEGF in the DRG after PMA Treatment was determined by densitometric analysis on Western
blots using GAPDH as the internal control. Compared with the control and DMSO group, *P < 0.05, **P < 0.01, ***P < 0.001; n=5 for each group.

Abbreviations: DRG, dorsal root ganglion; PGP, protein gene product; PGP9.5, protein gene product 9.5; VEGF, vascular endothelial growth factor; PMA, TPA, Phorbol

12-myristate |3-acetate.

rats decreased in a time-dependent manner and these changes
might be related with PKCBII. Immunostaining suggested that
p-PKCBII was associated with neurons, but not with microglia
or astrocytes in lumbar spinal cord slices and associated with
DRG non-peptide neurons, as well as slightly associated with
magnocellular and CGRP-containing neurons. Importantly,
we found the PKCBII agonist PMA could enhance mechani-
cal allodynia, while its inhibitor, LY333531, reversed and
lowered the pain due to allodynia at the 7th day of SMIR.
Further studies suggested that the role of PKCPII in regulat-
ing mechanical allodynia is related with PGP9.5 and VEGF.

As shown in Figure 1, the MWT of SMIR decreased
significantly, and this decrease was held on for over 21 days.

The decrease of MWT reached the peak at the postoperative
day 7, demonstrating SMIR induced mechanical allodynia.
Western blot showed the p-PKCPII protein expression level
in the SMIR group, 7 days after surgery, was significantly
higher compared with that in the normal group and Sham
group, in the spinal cord and the DRG. This result may indi-
cate that persistent postoperative pain induced the activation
of PKCBII. We speculated that the surgical operation method
influenced mechanical hypersensitivity and the expression
of p-PKCBII: stretching skin and muscle in SMIR group
increased mechanical hypersensitivity and expression level
of PKCBII more significantly than simple incision of skin
and muscle.

submit your manuscript

2102

Dove

Journal of Pain Research 2018:11


www.dovepress.com
www.dovepress.com
www.dovepress.com

g
<
[¢]

PKCBIl-induced upregulation of PGP9.5 and VEGF

520
= LY333531 20 ug
2 . = 0.25% DMSO
o SMIR
= #
S 10
g
©
=
z 5
2
©
o

0

BL 1h 3h 6h 12h 24h

Figure 8 Intrathecal injection of p-PKCBIl inhibitor LY333531, at 7 days
after SMIR, reverses SMIR-induced mechanical allodynia. Compared with the
0.25% DMSO group, **P < 0.01, ***P < 0.001; Compared with the SMIR group,
##P < 0.01, ¥ P < 0.001; n=5 for each group.

Abbreviations: SMIR, skin/muscle incision and retraction; BL, baseline.
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PKCBII is sensitive to activation by calcium, expressing
in sensory neurons of mice."” Our immunohistochemistry
results showed that p-PKCII was co-localized with neurons
in the spinal cord and was co-localized primarily with non-
peptide neurons, and in a small amount with magnocellular
neurons and peptide neurons in DRG. Peptide nerve fibers
are neuropeptides, for example, CGRP, prompting abnor-
mal increase of neuronal excitability,?*?'associated with
non-damaging information. Non-peptide nerve fibers are
dependent on glial cell-derived neurotrophic factor,?? which
is associated with damaging information. Nerve axon plays
an important role in a series of pathophysiological changes
(functions of neurons, the regeneration of nerve fibers and
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Figure 9 Downregulation of LY33353I-induced PGP9.5 and VEGF expression in the spinal cord and the DRG. (A, B) Expression of PGP9.5 and VEGF in the spinal cord
after LY33353 1 treatment was determined by densitometric analysis on Western blots using GAPDH as the internal control. Compared with the control and DMSO group,
*P < 0.05, ¥*P < 0.01, ¥**P < 0.001; n=5 for each group. (C, D) Expression of PGP9.5 and VEGF in the DRG after LY33353| treatment was determined by densitometric
analysis on Western blots using GAPDH as the internal control. Compared with the control group, LY group, and DMSO group, *P < 0.05, **P < 0.01; n=5 for each group.
Abbreviations: SMIR, skin/muscle incision and retraction; DRG, dorsal root ganglion; VEGF, vascular endothelial growth factor; GAPDH, glyceraldehyde phosphate

dehydrogenase; LY, LY333531; PGP, protein gene product.
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axoplasmic transport, etc.).”* Collectively, the results of the
present study confirmed that the activation of PKCBII may
play an important role in the postoperative persistent pain
through affecting postoperative changes of neuron patho-
physiological process (inflammation, metabolism, damage/
repair, information transmission, etc.).

PKCBII inhibits cell apoptosis** by regulating glucose
and repairing damaged cell migration.?> PGP9.5 is the spe-
cial ubiquitin hydroxyl hydrolytic enzyme in nerve fibers,
a nerve-specific marker.?*?’ The increasing or decreasing
of its expression represents the process of the nerve repair
or damage, respectively.?® Previous findings have shown
that inflammation and pain process (for example, fracture,
tumor, infection, etc.) can upregulate the PGP9.5 expres-
sion.??2 VEGF promotes the blood vessels, increases
vascular permeability,® increases glucose levels in the
cell by PKC,** promotes energy metabolism,> protects
nerve cells,*® and reflects the body’s ability to repair.® An
increased VEGF protein expression level has previously
been found to induce an inflammatory response and promote
the release of algogenic substances.?” In the present study,
the rats that were treated with PKCBII agonist PMA showed
enhanced mechanical allodynia, and PGP9.5 and VEGF
levels were upregulated both in the spinal cord and in the
DRG. These results suggested that activation of p-PKCBII
induced postoperative pain by upregulating PGP9.5 and
VEGF expression. Additionally, spinal administration of

PKCBII inhibitor LY333531 markedly decreased the sever-
ity of mechanical allodynia, and PGP9.5 and VEGF were
downregulated in the spinal cord and the DRG. The results
confirmed that inhibition of PKCBII downregulated PGP9.5
and VEGF expression to alleviate postoperative pain. Our
findings from these experiments emphasize that PKCBII
plays an essential role in the relief of postoperative chronic
pain condition and verified that PGP9.5 and VEGF were
involved in central sensitization and mechanical hypersen-
sitivity in acute and persistent pain status. So, in the repair
course of tissue and neuron, activation of the expression
of PKCBII affects pain signaling through its effects on
upregulating both PGP9.5 and VEGEF, to provide positive
energy for cell intrinsic growth, promote axonal growth, for
regeneration and sensitization pathways, and thus promote
postoperative persistent pain (Figure 10).

In conclusion, our study demonstrated that SMIR
induced mechanical allodynia and activated PKCpII signal-
ing pathways Therefore, downregulation of PKCBII could
be a viable treatment strategy for relieving of postoperative
pain. Our present study provides new data by demonstrat-
ing both molecularly (by Western blotting) and immuno-
logically (by immunohistochemistry), following 7 days of
SMIR, the upregulation of PKC (p-PKCB2/PKCB2) in
the DRG and lumbar spinal cord, and the main pathways
involved in pain coming from the periphery to the central
nervous system.

Surgical injury (for the first time)

Activation of PKCB11 in intracellular pathways

VEGF and PGP9.5 levels upregulate to induce the formation of rich
nutrient microenvironment to provide positive energy for the
growth of cells and nerves

Regulating relationship

Vascular endothelial cells
apoptosis/proliferation induce
dynamic changes of microvascular
density to cause ischemic reperfusion
injury (for the second time)

vascular and nerve

between
Neuronal injury/repair induce
increased sensitivity and
abnormal proliferation of
neurons

Postoperative persistent pain

Figure 10 Schematic diagram shows potential relationships among p-PKCBII, VEGF, and PGP9.5 to cause postoperative persistent pain.
Abbreviations: VEGF, vascular endothelial growth factor; PGP, protein gene product; PKCBII, protein kinase C Bl
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