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Downregulation of adult and neonatal Nav1.5 in the dorsal root
ganglia and axon of peripheral sensory neurons of rats
with spared nerve injury
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Abstract. Previous studies demonstrated that Navl.5 splice
variants, including Navl.5a and Navl.5c, were expressed
in dorsal root ganglia (DRG) neurons. However, since nine
Navl.5 isoforms have been identified, whether other Navl.5
splice variants, especially the neonatal Navl.5 splice variant,
express in the DRG neurons is still unknown. In this study, we
systematically investigated the expression of adult and neonatal
Navl.5 isoforms in the DRG neurons and axon of peripheral
sensory neurons of rats with spared nerve injury (SNI) by
RT-PCR, DNA sequencing, restriction enzyme digestion,
immunohistochemistry and immunofluorescence methods.
The results demonstrated that both adult and neonatal Navl.5
isoforms were expressed in the DRG neurons, but their expres-
sion ratio was ~2.5:1. In SNT rat models, the expression of both
adult and neonatal Navl.5 decreased by approximately a half
in both mRNA and protein levels. In contrast, the expression
of protein kinase C (PKC)-vy, one of the negative modulators
for sodium currents, increased by ~1-fold. Taken together, this
study first confirmed the expression of both adult and neonatal
Navl.5 isoforms in the DRG neurons and axon of peripheral
sensory neurons of rat, but their expression level decreased
in pain models. The upregulation of PKC-y may directly or
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indirectly downregulate the expression of Navl.5 isoforms in
SNI rat models, which may further involve in the pathological
process of neuropathic pain.

Introduction

Voltage-gated sodium channel, a transmembrane protein,
plays a major role in the generation and propagation of action
potential in sensory neurons, which is a critical determinant
of electrical excitability for nociception (1,2). The three
dimensional structure of voltage-gated sodium channel is
still unknown, but is supposed to compose a large, pore-
forming a-subunit and two small -auxiliary subunits (3). The
a-subunit is the core or major components of voltage-gated
sodium channel, which can function independently (3-5). So
far, nine distinct voltage-gated sodium channel a-subunits,
namely Navl.1-Navl.9, have been cloned from various
mammalian tissues (4). Of the nine distinct a-subunits, all
were observed in adult dorsal root ganglia (DRG) neurons
except for Navl.4 which was expressed abundantly in skeletal
muscle (6,7). Voltage-gated sodium channel Navl.5, a tetro-
dotoxin-resistant (TTX-R) sodium channel, was first cloned
from the heart and has been considered as the cardiac sodium
channel (8,9). However, as a matter of fact, it could also be
detected in various mammalian tissues other than the heart,
such as the brain and DRG neurons (9-19).

Previous studies confirmed the expression of Navl.5 mRNA,
including Navl.5a and Navl.5c isoforms, in adult mouse and
rat DRG neurons (14,15). Furthermore, Navl.5 current was
supposed to underlie the ‘third TTX-R sodium current’ in
rat small DRG neurons (13). So far, nine Navl.5 splice vari-
ants have been discovered (Navl.5a-f and E28B-D) and four
of them (Navl.5a, Navl.5c, Navl.5d and Navl.5e) have been
proved to generate functional sodium channels (9). Whether
other Navl.5 splice variants, especially the neonatal Navl.5
isoform (Navl.5e) which shows different functional properties
compared with adult Navl.5 (20), express in the DRG neurons
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is still unknown. In this study, we systematically investigated
the expression of neonatal and adult Navl.5 in the DRG and
axon of peripheral sensory neurons of rats with spared nerve
injury (SNI) by RT-PCR, DNA sequencing, restriction enzyme
digestion methods. The expression level of Navl.5, as well as
the expression ratio of neonatal Navl.5 versus adult Navl.5, in
the DRG neurons and axon of peripheral sensory neurons was
explored in this study. The expression and distribution of total
Navl.5 protein in these structures was also detected by immu-
nohistochemistry and immunofluorescence method. In addition,
the expression of protein kinase C (PKC), the activation of
which was supposed to modulate the biophysical properties of
TTX-R INa, in the DRG neurons and axon of peripheral sensory
neurons of SNI rats was also detected in this study.

Materials and methods

Animal models. Healthy male Sprague-Dawley rats at the age
of 8-10 weeks and weighing 200-250 g were provided by the
Animal Experimentation Center of Capital Medical University.
They were housed two per group and maintained on a 12-h
light/dark cycle with food and water available ad libitum
under constant temperature (23+2°C). The investigation was
approved by the Ethics Committee of Animal Experimentation
of Capital Medical University and conformed to the principles
outlined in the NIH Guide for the Care and Use of Laboratory
Animals (NIH Publications no. 80-23).

The SNI rat models were established according to the
previous study (21). In conclusion, the SD rats were anesthe-
tized with pentobarbital sodium (0.06 g/kg) and the surgery
was conducted at room temperature (18-22°C). After exposing
the sciatic nerve and its three terminal branches (the sural,
common peroneal and tibial nerves) by incising the skin and
separating the muscle, axotomy and ligation of the tibial and
common peroneal nerves was performed, leaving the sural
nerve intact. Then the peroneal and the tibial nerves were
tight-ligated with 4-0 surgical silk and sectioned distal to the
ligation, removing 5 mm of the distal nerve stump.

RNA isolation and RT-PCR. On day 14 after surgery, the DRG
(L4-6) and axon of the peripheral sensory neurons was removed.
Total RNA was extracted by using RNA out kit (Takara, Shiga,
Japan) according to the manufacturer's instructions. cDNAs were
generated from 1 ug of total RNA using the reverse transcription
polymerase chain reaction (RT-PCR) kit (Life Technologies,
Carlsbad, CA, USA). The PCR primer used for amplification of
adult and neonatal Navl.5 was designated to target both exon 6
and 6A: forward, 5"TTCTGCCTGCATGCATTCACCTT-3'
and reverse primer, 5'-GCAGAAGACAGTGAGGACCA-3',
with a product length of 240 bp. The PCR reaction condi-
tions consisted of 95°C for 5 min followed by 36 cycles of
95°C for 30 sec, 66°C for 30 sec, 72°C for 30 sec and final
elongation at 72°C for 5 min. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was used for reference gene: forward,
5'-GACCACCCAGCCCAGCAAGG-3' and reverse primer,
5"TCCCCAGGCCCCTCCTGTTG-3', with a product length
of 144 bp. The mRNA expression was analyzed with the gel
analysis system, and the relative expression level of Navl.5 was
calculated by dividing the gray value of its band by the gray
value of the GAPDH band.
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DNA sequencing. PCR products were separated on 2% agarose
gel by electrophoresis. The fragments of the expected size
were extracted and purified by using gel extraction kit (Qiagen,
Valencia, CA, USA) and then sequenced directly by using
3730x1 DNA sequencer (Applied Biosystem, Foster City, CA,
USA).

Restriction enzyme digestion. Restriction enzyme Sacl was
used to digest the total PCR products in order to distinguish
the neonatal Navl.5 splice variant from the total Navl.5
cDNAs. The reaction system was 30 gl in total, containing
8 ul PCR products, 0.5 ul Sacl enzyme, 3 ul loading buffer
and 18.5 ul super-purified water. After 1 h incubation at 38°C
or overnight at room temperature, the PCR products were
seperated on 2% agarose gel by electrophoresis to detect the
digestion results.

Immunohistochemistry assay. Fresh specimens of the
DRG (L4-6) and axon of the peripheral sensory neurons
were fixed with 1-4% paraformaldehyde to prepare the
paraffin-embedded specimens in 4-ym thick sections. The
streptavidin-peroxidase (SP) immunohistochemical method
was applied. Immunohistochemistry was performed according
to manufacturer's instructions of Histostain-SP kit (Invitrogen,
Carlsbad, CA, USA). Sections were incubated with primary
Navl.5 antibody (rabbit, 1:100; Alomone, Jerusalem, Israel),
and then incubated with the second antibody (biotinylated goat
anti-rabbit IgG, 1:500; Invitrogen). Phosphate-buffered saline
(PBS) replaced the primary antibody to serve as the negative
control and the slide with known positive Navl.5 expression in
human atrial muscle served as the positive control.

Western blot analysis. The antibodies used for western blot
analysis were as follows: rabbit anti-Navl.5 polyclonal anti-
body (1:200; Alomone); rabbit polyclonal anti-PKC-y antibody
(1:1,000; Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA); rabbit anti-a tubulin monoclonal antibody (1:10,000;
Millipore, Billerica, MA, USA); horseradish peroxidase-
linked anti-rabbit and anti-mouse IgG secondary antibody
(1:2,000; Cell Signaling Technology, Danvers, MA, USA).
Approximately 100 mg of tissue was rinsed with precooled
PBS (4°C), mixed with 500 pl of RIPA strong lysate buffer,
homogenized with a homogenizer, and left for lysis at 4°C
overnight. After centrifugation at 12,000 rpm for 30 min at
4°C, the supernatants were collected and assayed for protein
content. The protein concentration was determined using the
BCA method, 100 ug of protein was loaded into each lane for a
6-10% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) running at a constant voltage of 80 V for
2 h. The proteins were then transferred onto a polyvinylidene
fluoride (PVDF) membrane at a constant current of 400 mA
for 2 h. The membrane was blocked with 10% non-fat milk
for 2 h and incubated with primary antibody overnight at 4°C.
Then the membrane was rinsed with TBST 3 times and incu-
bated with horseradish peroxidase-labeled secondary antibody
with shaking at room temperature for 1 h, and finally exposed
and developed using the ECL system. Immunoreactive protein
bands were detected with an enhanced chemiluminescence
reagent (ECL-Plus) and densitometrically quantitated
according to the manufacturer's instructions (Amersham
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Figure 1. RT-PCR and direct DNA sequencing results. (A) RT-PCR results. Electrophoresis showed a single and clear band with the expected size (240 bp) on
the agarose gel. M, Marker; 1-6, normal dorsal root ganglia (DRG) neurons; 7-12, normal axon of peripheral sensory neurons. (B) Digestion results by restric-
tion enzyme Sacl. 1E-6E, PCR products with restriction enzyme Sacl; 1-6, PCR products without restriction enzyme Sacl. As indicated by the electrophoresis
results, PCR products with restriction enzyme Sacl can generate two more bands on the agarose gel, with the expected size of 136 and 104 bp, respectively,
indicating that the fragments including exon 6A were digested into another two fragments while that containing exon 6 was preserved. (C and D) DNA
sequencing results. Direct DNA sequencing demonstrated that single sequence presented in the exon 5 or 7 coding region, but a dual sequence appeared in

exon 6 coding region, indicating that both exon 6 and 6A were expressed in the DRG neurons and axon of peripheral sensory neurons.

Pharmacia Biotech, Piscataway, NJ, USA). The protein
expression was analyzed with the gel analysis system, and the
relative expression levels of targeted protein were calculated
by dividing the gray value of its band by the gray value of the
a-tubulin band. The experiments were repeated 3 times.

Results

Both neonatal and adult Navl.5 mRNA are expressed in the
DRG neurons and axon of peripheral sensory neurons of
adult rat. In order to detect the expression of neonatal Navl.5
(Navl.5e) isoform in the DRG neurons and axon of periph-
eral sensory neurons of rats, we used a special PCR primer
targeting both exon 6 (adult Navl.5) and exon 6A (neonatal
Navl.5) of SCN5A. Electrophoresis was made after PCR and
the results demonstrated that a single band with the expected
size (240 bp) appeared on the 2% agarose gel (Fig. 1). Direct
DNA sequencing of the PCR products was performed after gel
extraction. The results showed that a single sequence presented
in exon 5 or 7 coding region, but a dual sequence appeared in
exon 6 or 6A coding region (Fig. 1). DNA sequence analysis
revealed that both exon 6 and 6A of SCN5A gene were inclu-
sively expressed in the PCR products, indicating the expression
of both adult and neonatal Navl.5 channels (Navl.5e) in the
DRG neurons and axon of peripheral sensory neurons of adult
rats.

In order to explore the expression quantification of the
adult and neonatal Navl.5 splice variants, we used restric-
tion enzyme Sacl to digest the PCR products for a specific
restriction enzyme site of Sacl was found in exon 6A rather
than exon 6 of SCNSA gene. As indicated in Fig. 1, PCR frag-
ments including exon 6A were digested into two bands while
that containing exon 6 was preserved. Therefore, the relative
amounts of digested and undigested PCR products repre-
sented the quantification of neonatal and adult Navl.5 cDNA,

respectively. The expression ratio of adult (wild Navl.5)
versus neonatal Navl.5 (Navl.5¢) in the DRG neurons was
~2.5:1 judged from the signal quantification of pre- and post-
digestion by autoradiography (Fig. 1) (n=6). Similar results
were found in the axon of peripheral sensory neurons of adult
rats (Fig. 1) (n=6).

The expression of Navl.5 mRNA is decreased in the DRG
neurons and axon of peripheral sensory neurons of rat with
spared nerve injury. RT-PCR methods was used to detect the
expression of neonatal and adult Navl.SmRNA in the DRG
neurons and axon of peripheral sensory neurons of rats with
spared nerve injury. The results demonstrated the expression
of total Navl.5 mRNA (adult with neonatal Nav1.5) decreased
by ~55% in SNI rat models compared with that in controls,
indicating a downregulation of Navl.SmRNA expression in
the neuropathic pain models. Further investigation was made
in order to clarify whether the neonatal and adult Navl.5
decreased simultaneously. As indicated in Figs. 2 and 3,
restriction enzyme digestion method was used to figure out the
quantification of neonatal and adult Navl.5 mRNA expressed
in the DRG neurons and axon of peripheral sensory neurons
of rats with spared nerve injury. The results confirmed that
both adult and neonatal Navl.5 mRNA decreased in the
DRG neurons of SNI rats, with the adult and neonatal Navl.5
mRNA decreased by ~53 and 56% (n=12 for SNI rats; n=6
for controls), respectively. Similar expression pattern of Navl.5
mRNA was found in the axon of peripheral sensory neurons of
SNI rats, with the adult and neonatal Navl.5 mRNA decreased
by ~55 and 57% (n=12 for SNI rats; n=6 for controls), respec-
tively.

Expression of total Navl.5 protein in the DRG neurons
and axon of peripheral sensory neurons of rats. In order to
investigate whether Navl.5 protein was expressed in the DRG


https://www.spandidos-publications.com/10.3892/ijmm.2018.3446
https://www.spandidos-publications.com/10.3892/ijmm.2018.3446

2228 WANG et al: NOVEL EXPRESSION OF Navl.5 IN THE DORSAL ROOT GANGLIA NEURONS

N — 240 bp
— 1348106 bp

c
o N Adult Nav1.5 mRNA
8 121 [C——3J Neonatal Nav1.5 mRNA
9
2 101
[}
<
Z 0.8
o
£
v 0.6
by %
3
Z 044
@@
. -
® 02
@
o

0.0

Control DRG Pain model DRG

Figure 2. Expression of Navl.5 mRNA in the dorsal root ganglia (DRG) neurons. (A) RT-PCR results in the DRG neurons and axon of peripheral sensory
neurons of rats with spared nerve injury. (B) GAPDH was used as reference. (C) Digestion results by restriction enzyme Sacl. (D) Statistical analysis of expres-
sion of both adult and neonatal Navl.5 mRNA in the DRG neurons of neuropathic pain model of rats, with the adult and neonatal Navl.5 mRNA decreased by
~53 and 56%, respectively. Data are mean = SEM; “"P<0.05, [n=12 for spared nerve injury (SNI) rats; n=6 for controls].
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Figure 3. Expression of Navl.5 mRNA in peripheral sensory neurons of rat with spared nerve injury. (A) RT-PCR results in the axon of peripheral sensory
neurons of rats with spared nerve injury. (B) GAPDH was used as reference. (C) Digestion results by restriction enzyme Sacl. (D) Statistical analysis of expres-
sion of both adult and neonatal Navl.5 mRNA in the axon of peripheral sensory neurons of rat with spared nerve injury, with the adult and neonatal Navl.5
mRNA decreased by ~55 and 57%, respectively. Data are mean + SEM; “*P<0.01, [n=12 for spared nerve injury (SNI) rats; n=6 for controls].
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Figure 4. Immunohistochemistry and immunofluorescence results of Navl.5 expression in the dorsal root ganglia (DRG) neurons of rats. (A-D) Normal DRG
neurons. (D-F and H) DRG neurons of rats with spared nerve injury. Navl.5 immunohistochemistry and immunofluorescence showed a decreased expression
in the DRG neurons of rats with spared nerve injury compared with controls. Scale bars: (A and E) 100 ym; (B, D F and H) 50 ym; (C and G) 20 ym.

D

Figure 5. Immunohistochemistry results of Navl.5 expression in the axon of peripheral sensory neurons. (A-C) Normal axon of peripheral sensory neurons.
(D-F) Axon of peripheral sensory neurons of rats with spared nerve injury. Navl.5 immunohistochemistry showed a decreased expression in axon of peripheral
sensory neurons of rats with spared nerve injury compared with controls. Scale bars: 100 ym (A and D); 50 gm (B and E); 20 ym (C and F).

neurons and axon of peripheral sensory neurons of rat, we used
immunohistochemical and immunofluorescence methods to
detect the expression and distribution of total Navl.5 protein
in these structures. The results demonstrated that Navl.5
immunoreactivity could be detected in the membrane and
plasma of DRG neurons and it showed stronger immunoreac-
tivity in the small diameter sensory neurons compared with
large ones (Fig. 4). Positive Navl.5 staining results were also
observed in the axon of peripheral sensory neurons, including
the myelin sheath (Schwann cells) (Fig. 5). In general, the
Navl.5 immunoreactivity in the axon and myelin sheath was
weaker than that in the DRG neurons. Similar to the RT-PCR
results, the immunohistochemistry results of Navl.5 also
indicated a decreased expression of total Navl.5 protein in the
DRG neurons and axon of peripheral sensory neurons of SNI
rats (Figs. 4 and 5).

Upregulation of PKC-y in the DRG neurons and axon of
peripheral sensory neurons of rats with spared nerve injury.

The activation of PKC was supposed to modulate the biophys-
ical properties of Navl.5 channels, therefore, the expression
of PKC-v, which expressed abundantly in nervous system,
was detected in the DRG neurons and axon of peripheral
sensory neurons of rats with spared nerve injury by western
blot method. The results demonstrated that the expression of
PKC-y increased by ~1-fold in the DRG neurons of rats with
spared nerve injury (Fig. 6,n=12 for SNI rats; n=6 for controls).
Similar expression pattern of PKC-y was found in the axon of
peripheral sensory neurons of SNI rats (Fig. 7, n=12 for SNI
rats; n=6 for controls). The results confirmed the upregulation
of PKC-v in both the DRG neurons and axons of peripheral
sensory neurons of pain model rats.

Discussion
Both adult and neonatal Navl.5 are expressed in the DRG

neurons and axons of peripheral sensory neurons. Previous
studies have confirmed the expression and distribution of
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Figure 6. Western blot results of the expression of protein kinase C (PKC)-y
in the dorsal root ganglia (DRG) neurons. (A) Expression of PKC-v in the
DRG neurons of rats with spared nerve injury and controls. 1,2, normal DRG
neurons; 3-8, DRG neurons of rats with spared nerve injury. a-tublin was
used as reference. (B) Statistical analysis of expression of Navl.5 protein
in the DRG of peripheral sensory neurons of rat with spared nerve injury
compared with controls. Data are mean = SEM; “"P<0.01, [n=12 for spared
nerve injury (SNI) rats; n=6 for controls].

Navl.5 in the adult and neonatal rat and mouse DRG neurons
in both mRNA and protein levels (14). Moreover, the expres-
sion ratio of various Navl.5 alternative splicing variants,
including Navl.5a and Navl.5c, in the rat and mouse DRG
neurons has also been investigated (15). These studies demon-
strated that Navl.5a was the major Navl.5 isoform expressed
in the DRG neurons and it showed different functional
properties compared with full-length Nav.1.5 (wild Navl.5)
isoform (14,15). Subsequently, Navl.5 channel was also
proved to produce the third TTX-R current in rat small DRG
neurons by electrophysiological studies (13). However, since
nine Navl.5 splice variants have been discovered (Navl.5a-f,
E28B-D), whether other Navl.5 isoforms are expressed in
the DRG neurons is still unknown. To our knowledge, there
was no report on the expression of neonatal Navl.5 isoform in
the DRG neurons. Therefore, in this study, we systematically
investigated in the expression of neonatal Navl.5 in the DRG
neurons and the axons of peripheral sensory neurons of SNI
rats. The results confirmed, for the first time, the expression of
both neonatal and adult Navl.5 isoforms in the DRG neurons
and axon of peripheral sensory neurons.

The neonatal Navl.5, also called Navl.5e or nNavl.5, is
characterized by an exon 6A encoding for the S3/S4 region in
domain I (residues 205-234 in hNavl.5) (22,23). Instead, the
adult Navl.5 is encoded by exon 6 of SCN5A. Both exon 6A and
exon 6 have 92 nucleotides but differ at 31 nucleotide positions,
resulting in 7 amino acid differences (10,11,16,22,23). Notably,
this alternative splicing from exon 6 to 6A replaces a conserved
negative aspartate residue in the adult Navl.5 with a positive
lysine (20). Thus, this amino acid change reversed the local
charge, which may alter the electrophysiological properties
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Figure 7. Western blot results of the expression of protein kinase C (PKC)-y
in the axon of peripheral sensory neurons of rats. (A) Expression of PKC-y in
the axon of peripheral sensory neurons with spared nerve injury and controls.
1,2, normal axon of peripheral sensory neurons; 3-8, axon of peripheral sen-
sory neurons of rats with spared nerve injury. a-tublin was used as reference.
(B) Statistical analysis of expression of Nav1.5 protein in the axon of periph-
eral sensory neurons of rat with spared nerve injury compared with controls.
Data are mean + SEM; “"P<0.01, [n=12 for spared nerve injury (SNI) rats;
n=6 for controls].

of Navl.5. Subsequently, this hypothesis was confirmed by
Onkal ez al (20). As reported in their study, compared with the
‘adult’ Navl.5 isoform, the ‘neonatal’ Navl.5 channel exhibited
i) a depolarized threshold of activation and voltage at which
the current peaked; ii) much slower kinetics of activation and
inactivation; iii) 50% greater transient charge (Nat) influx; iv) a
stronger voltage dependence of time to peak; and v) a slower
recovery from inactivation (20). Therefore, the alternative
splicing of exon 6 and 6A generated two electrophysiologically
different Navl.5 channels. In this study, the co-expression
of neonatal and adult Navl.5 in the DRG neurons and axons
of peripheral sensory neurons was identified. However, the
expression ratio of the two distinct Navl.5 isoforms, which may
affect the total Navl.5 functional properties, in these structures
was still uncertain. Therefore, we analyzed the difference
between the sequence exon 6 and 6A. Occasionally, a specific
restriction enzyme site of Sacl was found in the exon 6A rather
than exon 6. Therefore, the restriction enzyme Sacl was used
to digest the PCR products in order to distinguish these two
variants. The results demonstrated the expression ratio of adult
(wild Navl.5) versus neonatal Navl.5 (Navl.5¢) in the DRG
neurons and axon of peripheral sensory neurons was ~2.5:1.
Therefore, the results indicated that the Navl.5 sodium current
detected before was a compound product by both adult and
neonatal Navl.5 isoforms. Our findings provided a basic step
for further investigation in the significance of the co-expression
of adult and neonatal Nav1.5 in the DRG neurons.

Previous studies have detected the expression of Navl.5
protein in the DRG neurons by western blot method (15). In
this study, we used immunochemistry and immunofiuorescence
method to detect the expression of Navl.5 protein in the DRG
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neurons and axon of peripheral sensory neurons. The results
demonstrated that Navl.5 immunoreactivity could be detected
both in the DRG neurons and axon of peripheral sensory neurons,
and it showed stronger immunoreactivity in the small diameter
DRG neurons compared with large ones. These results, combined
with the previous electrophysiological studies, confirmed the
expression of Navl.5 in the protein level. Although Navl.5 was
proved to express functionally in the DRG neurons, its specific
role in the generation and propagation of action potential still
remains unknown. Previous studies demonstrated that the func-
tional properties of Navl.5 in the DRG neurons was proved to
be different from other TTX-R sodium channels, such as Navl.8
and Navl.9 channels, in the following aspects: half-time for acti-
vation, the time constant for inactivation, and the midpoints of
activation and inactivation (13). Future studies should make deep
investigation in clarifying the specific function of Navl.5 in the
DGR neurons and axons of peripheral sensory neurons.

Downregulation of adult and neonatal Navl.5 in the DRG
neurons and axons of peripheral sensory neurons of SNI
model rats. Voltage-gated sodium channels in the DRG
neurons and axons of peripheral sensory neurons are essen-
tial for the generation and propagation of action potential for
nociception (1,7,24,25). Since at least eight sodium channels
have been detected to be expressed in the DRG neurons axons
of peripheral sensory neurons (6,7,25). It is important to
clarify the specific contributions of various sodium channels
to the generation and propagation of nociceptive information.
Previous studies demonstrated that the expression of Navl.5a
and Navl.5/Navl.5c mRNA decreased by 48.1 and 46.4%,
respectively, in mouse lumbar L4 and L5 DRG neurons seven
days after peripheral axotomy (15). In this study, we investi-
gated the expression of neonatal and adult Navl.5 mRNA and
protein in the DRG neurons, as well as the axon of peripheral
sensory neurons of rats with spared nerve injury. Similar to
the expression of Navl.5a and Navl.5/Navl.5c in the DRG
neurons of peripheral nerve transection (axotomy) rat model,
RT-PCR results demonstrated the expression of neonatal and
adult Navl.5 mRNA decreased approximately by half in the
DRG neurons and axon of peripheral sensory neurons of rats
with spared nerve injury. Immunochemistry and immuno-
fluorescence results also indicated a downregulation of total
Navl.5 protein in these structures. In general, others and our
findings confirmed the downregulation of Nav.5 channel in
both mRNA and protein level in the neuropathic pain model.

The role of PKC-y in the modulation of sodium current and
sodium channel gene expression in the DRG neurons. PKC-y,
one of the conventional PKC (cPKC) isozymes, is expressed
abundantly in the nervous systems. Previous studies demon-
strated that activation of PKC led to a reduction in the sodium
current in both brain and heart (26-29). This effect was due
to the phosphorylation of site Ser'®* in the Navl.5 channel by
activated PKC. Other studies further demonstrated that Nav1.5
channels stably expressed in human embryonic kidney cells
were preferentially trafficked away from the plasma membrane
by PKC activation, with a major contribution by Ca** sensitive
or conventional PKC isoforms (30). Removal of the conserved
PKC site Ser'® eliminated the PKC-mediated effect to alter
Navl.5 channel trafficking (30). These results demonstrated

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 41: 2225-2232, 2018

2231

PKC may play arole to alter both the localization and functional
properties of Navl.5 channels. In this study, we investigated
the expression of PKC-y and other PKC isoforms, including
PKC-a, PKC-6 and PKC-¢ in the DRG neurons and axons of
peripheral sensory neurons of rats with spared nerve injury.
Of these isoforms, PKC-y showed a reproducible upregulation
in the DRG neurons and axons of peripheral sensory neurons
of pain model rats. The expression of phosphorylated PKC-,
the activated form of PKC-v, in the DRG neurons and axons
of peripheral sensory neurons of SNI rats was also detected in
this study (unpublished data) and the result was similar to that
of total PKC-y. In general, both the total and phosphorylated
PKC-v increased in the DRG neurons and axons of SNI rat
model. Although the upregulation of PKC-y may modulate the
sodium current and intracellular sodium channel trafficking,
previous studies and our data provided no direct evidence
to support the modulation of Navl.5 mRNA and protein by
PKC-y. Combined with previous studies, we hypothesized
that the activation of PKC may suppress the sodium current
and activity, which in turn decreased the intracellular Na* and
inhibit the activation of PKA, which may modulate the expres-
sion of Navl.5 mRNA and protein. However, we admit that the
mechanisms must be more complex than that we hypothesized.
Future studies should make further investigation to reveal the
detailed mechanisms underlying this phenomenon.

In conclusion, this study first confirmed the expression of
both adult and neonatal Nav1.5 isoforms in the DRG neurons
and axon of peripheral sensory neurons. In DRG neurons and
axons of SNI pain model rats, the expression of both adult and
neonatal Navl.5 decreased by approximately a half in mRNA
and protein level, however, the expression of PKC-y increased
by ~1-fold. The upregulation of PKC-y may downregulate the
expression of adult and neonatal Navl.5 in SNI rat models and
then further involve in the generation of neuropathic pain.
Further study need to clarify the specific relation between the
upregulation of PKC-y and the downregulation of Navl.5 in
pain models.
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