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Abstract: Hyperpolarization-activated cyclic nucleotide-gated 2 (HCN2) ion channel activity plays a crucial role in
the progress of peripheral neuropathic pain (PNP). However, the mechanism of HCN2 channels on PNP remains
unclear. Here, we investigated the effects of HCN2 channel expression on the mechanical allodynia and thermal
hyperalgesia, the local inflammatory response, the activation of astrocytes, microglia and transcription factor NF-
KB in mice with spared sciatic nerve injury (SNI). The present study showed that the expression of HCN2 channels
was increased in L4-L5 ipsilateral spinal dorsal horns, accompanied by a decreased paw mechanical withdrawal
threshold (MWT) and paw withdrawal latency (PWL) in SNI mice. After intrathecal injection of ZD-7288 and si-HCN2,
both MWT and PWL were significantly increased, while the level of pro-inflammatory factors TNF-a, IL-13 and MCP-1
were decreased in L4-L5 ipsilateral spinal dorsal horn. Furthermore, the inhibition of HCN2 channels reduces the
activated astrocytes and microglia, and suppressed NF-kB p65 activation and nuclear translocation. In conclusion,
the present study suggests that decreased HCN2 channel expression attenuates neuropathic pain by inhibiting pro-
inflammatory reactions and NF-kB activation.
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Introduction nism for PNP [7]. Blocking the inflammatory
cascade by including TNF-«, IL-13 and MCP-1 is
beneficial to attenuate neuropathic pain by
increasing MWT and PWL [8]. However, whether
HCN2 channels are involved in the progress of
PNP by regulating the inflammatory factors is

unknown. Many studies indicated that the

Peripheral neuropathic pain (PNP) is a common
and complicated disease affecting the somato-
sensory system and patients’ quality of life [1].
Furthermore, the mechanisms of PNP are
rather complex, and the current treatment for

PNP only partly relieves the pain [2]. Therefore,
exploring the pathogenesis and novel thera-
peutic approaches to overcome the limitations
of the traditional treatments for PNP are very
important. Recent studies showed that the
HCN ion channel family plays important roles in
the pacemaker potential of the heart, in both
inflammatory and neuropathic pain, and in neu-
ronal cells [3, 4]. Specially, HCN2 channels are
involved in the progress of several diseases [5],
including PNP [6], but the mechanism of PNP
remains unclear. The pro-inflammatory factors
have been considered to be an injury mecha-

astrocytes and microglia in ipsilateral spinal
dorsal horns were activated in a PNP animal
model, accompanied by a large release of
inflammation factors [9, 10]. Thus, further study
is warranted to identify whether there is a
cross-talk between HCN2 channels, pro-inflam-
mation factors, astrocytes, and microglia in the
progress of PNP.

In this study, we first established the PNP ani-
mal models, and then ZD-7288, a HCN2 chan-
nels blocker, and an adenovirus vector with si-
HCN2 were intrathecally injected in the models
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to explore the effects of HCN2 channel expres-
sion on the mechanical allodynia and thermal
hyperalgesia, the local inflammatory response,
the activation of astrocytes, microglia. and the
molecular mechanism of PNP.

Materials and methods
Animals

All protocols were approved by the Institutional
Animal Experimental Ethics Committee of
Hubei University for Nationalities. The present
studies were performed on male wild-type
C57BL/6 mice (22 + 2 g) purchased from Hu-
bei Provincial Center for Disease Control and
Prevention. All mice were maintained under
standard housing conditions with a 12-h light/
dark cycle and provided with free access to
food and water.

Animal model of neuropathic pain induced by
spared sciatic nerve injury (SNI)

The SNI animal models were established as
described previously [8]. Briefly, the mice were
anesthetized with hydrochloride plus xylazine
(hydrochloride: 90 mg/kg body weight; xyla-
zine: 5 mg/kg). The left hindlimb skin on the
lateral surface of the thigh was incised and
the biceps femoris muscle was separated to
expose the sciatic nerve and its three terminal
branches (the tibial, common peroneal and
sural nerves). The tibial and the common pero-
neal nerves were ligated with 5.0 silk and sev-
ered distal to the ligation, 2-4 mm of the distal
nerve segment was removed. In the rats of the
sham-operation group, the surgical operation
was identical, except that the common perone-
al and tibial nerves were not ligated or sec-
tioned. During the progress of the operation,
we tried to protect the sural nerve from any
touch or injury. After the operation, the muscle
and skin were closed in two layers.

Construction of adeno-associated virus (AAV)
Si-HCN2

Four siRNA oligos against HCN2 channels and
one siRNA oligo control (non-specific sequence;
TTCAGACTCGTACGTGAAT) were designed using
web-based software (Genescript). After a blast-
search (NCBI database), one siRNA candidate
(siRNA-HCN2: CGUGGUCUCGGACACUUUCTT)
was selected. Each oligo consists of 19 base-
pair sense and antisense sequences, a 9 base-
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pair hairpin loop, TTCAAGAGA sequences, and
a poly (T) termination signal. Sense region (5’)
was attached with a BamHI restriction enzyme
site, and antisense region (3’) was attached
with a Pacl restriction enzyme site. pAV-4inlsi-
RNA-GFP was purchased form the Vigene com-
pany (Shandong, China). Each siRNA oligo was
annealed and cloned into BamHI (5’)-Pacl (3’)
sites (New England Biolabs) of pAV-4in1siRNA-
GFP vector.

Intrathecal injection

An intrathecal injection of artificial cerebrospi-
nal fluid (ACSF, Sigma, USA) and ZD-7288 (HCN
channels blocker, Tocris Bioscience, Britain)
were performed using a modified version of a
previously described method [9]. In brief, the
mouse was held firmly by the pelvic girdle in
one hand at an angle of about 20 degrees
above the vertebral column. The microsyringe
(10 ul) was inserted into the tissue so that it
slipped into the groove between the spinous
and transverse processes. A sudden slight flick
of the tail or paw indicated successful entry
into the dorsal subarachnoid space. Then, 5 ul
of ACSF (5 ul) and ZD-7288 (10 ug/kg/5 ul) was
slowly injected over a 1-min period, and the
needle was left in place for a further 5 s. The
concentration of drugs was indicated as previ-
ous studies described. No abnormal behavioral
consequences of the injections were observed.

Treatment and groups

The mice were randomly divided into 6 groups:
(1) Sham group; (2) SNI group; (3) SNI+ACSF
group; (4) SNI+ZD-7288; (5) SNI+AAV-Vector; (6)
SNI+AAV-HCN2. SNI mice: mice received the
surgery of spared sciatic nerve injury; Sham
mice: received the same operation, but the
common peroneal and tibial nerves were not
ligated. A 5 uL volume of ZD-7288 (10 ug/kg)
and the same volume ACSF was intrathecally
administered on day 3, 4, 5 after surgery in
SNI+ACSF and SNI+ZD-7288. An intrathecal
injection of the AAV-vector and AAV-HCN2 were
performed 2 weeks before the surgery.

Behavioral tests

The paw mechanical withdrawal threshold
(MWT) and the paw withdrawal thermal latency
(PWL) were measured on the day before sur-
gery (day 0) and on day 1 to day 7 after surgery.
The mice were placed in individual plastic
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Figure 1. HCN2 channel expression in L4-L5 ipsilat-
eral spinal dorsal horns was increased significantly
after SNI and was decreased after treatment with
an intrathecal injection of ZD-7288 and si-HCN2.
Data are shown as the mean + SD. ***P<(0.001 vs.
Sham group; ##P<0.01, ###P<0.001 vs. SNI group;
$$P<0.01 vs. SNI+ZD-7288 group.

boxes (12x20%x15 cm) on a metal mesh floor
(for MWT) or on a glass floor (for PWL) and
allowed to acclimatize for 1 h. An Electron Von
Frey (IITC life science, USA) was used to assess
the MWT for mice. A probe was applied with
increasing force to the plantar surface of left
hind paw. The Hargreaves test (BW-Plantar
390, USA) was used to detect the PWL for mice.
A plantar test apparatus was applied to pro-
duce a beam of radiant heat to stimulate the
mid-plantar surface of the hind paws. Brisk
withdrawal or paw flinching was considered a
positive response and we recorded the read-
out. The MWT and PWL tests were repeated
three times on the same paw at an interval of 5
min and the mean was calculated.

Western blot analysis

The mice were sacrificed for extraction of the
L4-L5 ipsilateral spinal dorsal horn on day 7
after the surgery. A western blot was performed
as described previously [11] The total protein of
the ipsilateral spinal dorsal horn was extracted
using a cold RIPA buffer with PMSF. A BCA pro-
tein assay kit (Beyotime Biotechnology, China)
was used to detect protein concentrations.
Equal proteins were separated by electrophore-
sis within SDS-PAGE and transferred onto the
polyvinylidene difluoride (PVDF) membranes
(Millipore, USA). The membranes were blocked
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with 5% non-fat milk for 60 min at room tem-
perature and then incubated with the following
primary antibodies against HCN2 channels
(#ab65707, Abcam, Cambridge, MA), p65 (#ab-
16502, Abcam, Cambridge, MA) and GAPDH
(#ab8245, Abcam, Cambridge, MA) overnight at
4°C. Then the membranes were incubated with
a goat-anti-mouse or goat-anti-rabbit antibody
(1:4000, Antgene Biotechnology) for 60 min
at room temperature. The labeled protein was
detected with the chemiluminescence system
(UVP Lab-Works, Upland, CA). The signal inten-
sity was then analyzed with the Image J
Software.

Enzyme-linked immunosorbent assay (ELISA)

The protein level of TNF-a, IL-18, and MCP-1 of
the L4-L5 ipsilateral spinal dorsal horns were
tested using an ELISA Kit (R&D Systems, Inc.,
USA) according to the manufacturer’s instruc-
tions. The absorbance was detected at 450 nm
with a Microplate Reader (ThermoFisher, USA).

Immunohistofluorescence staining

The tissues of the L4-L5 ipsilateral spinal dor-
sal horns were embedded with paraffin. The
immunohistofluorescence staining in the paraf-
fin embedded sections was performed as
described previously [11]. The sections were
stained with a primary antibody as follows:
GFAP (#ab7260, Abcam, Cambridge, MA), IBA1
(#abb5076, Abcam, Cambridge, MA), and p65.
The epifluorescence (Olympus, Japan) was
used to capture the images.

Data analysis

All data in this study were presented as the
mean * SD. Statistical analyses of the results
were evaluated using the unpaired Student’s
ttest in behavioral experiments, an ELISA
assay and a protein quantitative experiment. All
P values given were based on two-tailed tests.
P<0.05 was considered to indicate statistical
significance.

Results

The expressions of the HCN2 channels were
increased in the L4-L5 ipsilateral spinal dorsal
horns of the SNI mice

The SNI model is a well-established and widely
used preclinical model of neuropathic pain.

Int J Clin Exp Pathol 2019;12(1):154-163
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Figure 2. Inhibition of HCN2 channels significantly increased the MWT and PWL in SNI mice. The paw mechanical
withdrawal threshold (MWT, A and C) and the paw withdrawal thermal latency (PWL, B and D) decreased after SNI
in mice. The intrathecal injection of ZD-7288 increased the MWT (A) and PWL (B). Pre-treatment with si-HCN2 re-
covered the decreased MWT (C) and PWL (D) after SNI. Data are shown as the means + SD. *P<0.05, **P<0.01,
***P<0.001 vs. Sham group; #P<0.05, ##P<0.01, ###P<0.001 vs. SNI group.

HCN2 channel expression in the L4-L5 ipsilat-
eral spinal dorsal horns was detected in the
sham mice and SNI mice. As shown in Figure 1,
compared with the sham mice, the expression
of the HCN2 channels was increased signifi-
cantly in the SNI mice (P<0.001). In order to
determine the effects of the HCN2 channels on
the neuropathic pain of SNI mice, an intrathe-
cal injection of ZD-7288, a special blocker for
the HCN channel, and of an adeno-associated
virus (AAV) vector with si-HCN2 were per-
formed, respectively. The results showed that
both ZD-7288 and si-HCN2 could reduce the
expression of the HCN2 channels (P<0.01,
P<0.001). Moreover, the effect of si-HCN2 was
better than ZD-7288 (P<0.01). Since changes
in HCN2 channel expression affects the HCN
channel activity, the expression of the HCN2
channels increased in the L4-L5 ipsilateral spi-
nal dorsal horn may contribute to persistent
neuropathic pain after SNI.
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The inhibition of HCN2 channels significantly
increased the MWT and PWL in SNI mice

The mechanical allodynia and thermal hyperal-
gesia were identified by the decreases of the
MWT and PWL. We showed a sharp decline of
ipsilateral MWT and PWL from the first day after
surgery, and the lowest values were reached on
day 3 after surgery (Figure 2, P<0.001), and
then persistently maintained stable for a long
time, while there was no change in the MWT
(Figure 2A and 2C) or the PWL (Figure 2B and
2D) in the sham mice.

To determine whether increased HCN2 channel
expression in ipsilateral spinal dorsal horns
contributes to the maintenance of neuropathic
pain, the mice were treated with ZD-7288 on
day 3 after surgery. The result showed that,
after the intrathecal injection of ZD-7288 in the
SNI mice for 3 consecutive days, the MWT and
PWL increased steadily from day 5 to day 7

Int J Clin Exp Pathol 2019;12(1):154-163
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Figure 3. Increased production of pro-inflammatory factors induced by SNI were suppressed after HCN2 channel
inhibition in L4-L5 ipsilateral spinal dorsal horns. The level of the pro-inflammatory factors TNF-a (A), IL-13 (B) and
MCP-1 (C) after SNI increased dramatically, but they were reduced after the HCN2 channels expression decreased
in the L4-L5 ipsilateral spinal dorsal horns. Si-HCN2 showed a higher effect on the reduction of the pro-inflammatory
factors, which indicated that the activity of the HCN2 channels is indeed involved in the inflammatory response.
The data were shown as the means + SD. ***P<0.001 vs. the sham group, ##P<0.01, P<0.001 vs. the SNI group,
$$P<0.01 vs. SNI+ZD-7288 group.

A DAPI Merge B |BA1 DAPI Merge

Figure 4. Decreased HCN2 channel expression inhibited the activation of astrocytes and microglia in ipsilateral spi-
nal dorsal horns. Representative immunofluorescent staining of GFAP (A) and IBA1 (B) to detect activated astrocytes
and microglia, respectively. Treatment with ZD-7288 and si-HCN2 obviously inhibited the activation of astrocytes
and microglia in L4-L5 ipsilateral spinal dorsal horns.

Sham

SNI

SNI+ACSF

SNI+ZD-7288

SNI+AAV-HCN2 SNI+AAV-vector

(Figure 2A and 2B, P<0.05, P<0.01), while the nels in the SNI induced neuropathic pain; si-
ACSF barely affected the neuropathic pain HCN2 was designed to inhibit the expression of
induced by SNI. To verify the role of HCN2 chan- HCN2 channels. It was shown that there was
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Figure 5. Decreased HCN2 expression suppressed nuclear factor-kB (NF-«kB) activation. Immunofluorescent staining
of P65 in ipsilateral L4-L5 spinal cord dorsal horns was performed to investigate the effects of HCN2 expression
on NF-kB activation (A). Western blotting was used to analyze nuclear and cytoplasmic p65 (B) and P65 phos-
phorylation (C). Blocking the activity of HCN2 channels sharply reduced p65 nuclear translocation and phosphory-
lation. Data are shown as the means + SD. ***P<0.001 vs. Sham group; ##P<0.01, ###P<0.001 vs. SNI group;

$$P<0.01 vs. SNI+ZD-7288 group.

only a slightl decrease of the MWT (Figure 2C)
and PWL (Figure 2D) after pre-treatment of si-
HCN2 and then maintained a relative high level
after SNI, which indicated that mice were insen-
sitive to the mechanical and thermal stimulus
compared with the SNI group (Figure 2C and
2D, P<0.001), which is consistent with the pre-
vious results of the suppression efficiency mea-
surements of HCN2 channel expression. No
effect of the AAV-vector on pain behavior was
observed. These data indicated that the inhibi-
tion of the HCN2 channel plays an important
role in the therapeutic effect on neuropathic
pain. However, the mechanism by which HCN2
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channels silence attenuating neuropathic pain
is still unknown.

HCN2 channel inhibition attenuated the levels
of TNF-a, IL-1B3, and MCP-1 in ipsilateral spinal
cord horns

Itis understood that many inflammatory factors
play important roles in the progress of neuro-
pathic pain, so the levels of TNF-«, IL-13, and
MCP-1 were measured by an ELISA assay in the
ipsilateral spinal dorsal horn on day 7 after the
intrathecal injection of ZD-7288 and si-HCN2.
Compared with the sham mice, the levels of

Int J Clin Exp Pathol 2019;12(1):154-163
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TNF-o (Figure 3A), IL-13, (Figure 3B) and MCP-1
(Figure 3C) were significantly increased in
ipsilateral spinal dorsal horns in SNI mice
(P<0.001). The results indicated that SNI could
induce local inflammation in ipsilateral spinal
dorsal horns. After inhibition of HCN2 channel
expression with ZD-7288 and si-HCN2, the lev-
els of TNF-¢, IL-13, and MCP-1 were significant-
ly decreased in the ipsilateral spinal dorsal
horns in SNI mice (Figure 3, P<0.01, P<0.001).
These data suggest that the down-expression
of HCN2 channels relieves neuropathic pain by
reducing the local inflammation factors, includ-
ing TNF-a, IL-13, and MCP-1.

Decreased HCN2 channel expression inhibits
the activation of astrocyte and microglia in
ipsilateral spinal dorsal horns

It is believed that the activation of astrocytes
and microglia are involved in the progression
of neuropathic pain. GFAP and IBA1 were hall-
mark proteins for activated astrocytes and
microglia, respectively. Accordingly, we deter-
mined the effects of HCN2 channel expression
on the activation of astrocytes and microglia in
ipsilateral spinal dorsal horns by immunofluo-
rescence staining. As Figure 4 shows, com-
pared with the sham mice, the activated astro-
cytes (Figure 4A) and microglia (Figure 4B)
were increased in the SNI mice. Conversely,
after the intrathecal injection of ZD-7288 and
si-HCN2, the activated astrocytes and microg-
lia were decreased in the SNI mice compared
to the control mice. These results indicate that
decreased HCN2 channel expression alleviates
neuropathic pain by inhibiting the activation of
astrocytes and microglia in ipsilateral spinal
dorsal horns.

Decreased HCN2 channel expression sup-
presses nuclear factor-kB (NF-kB) activation

Recent studies indicated that NF-kB is one of
the critical transcription factors involved in the
progression of neuropathic pain through the
activation of astrocytes and microglia, and
the release of inflammation factors. Therefore,
immunofluorescence staining and western blot
were further performed to determine the role
of HCN2 channels on the activation of NF-kB
in ipsilateral spinal dorsal horn. As shown in
Figure 5A, SNI promotes NF-kB p65 translocat-
ing to the nuclei in a manner that was sup-
pressed by the intrathecal injection of ZD-7288
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and si-HCN2. In addition, the western blot re-
sults showed that the expression of cytoplas-
mic p65 was decreased, while the nuclear p65
expression was increased in ipsilateral spinal
dorsal horns (Figure 5A and 5B). In contrast,
the nuclear-cytoplasmic ratio of p65 was re-
duced after the intrathecal injection of ZD-7288
and si-HCN2 (Figure 5B, P<0.01, P<0.001).
Moreover, the phosphorylation of p65 at Ser
536 was increased in SNI mice, while the
p-p65/p65 ratio was decreased by ZD-7288
and si-HCN2 treatment when compared with
the SNI mice (Figure 5C, P<0.05). These results
show that HCN2 channel expression is involved
in neuropathic pain by regulating the activity of
NF-kB.

Discussion

The HCN ion channel includes four isoforms,
from HCN1 to HCN4, each with a distinct dis-
tribution or expression throughout the body.
HCN1 channels are mainly expressed in the
heart and brain [12], while the HCN3 channels
is substantially expressed in the central ner-
vous system (CNS) [13]. HCN2 channels and
HCN4 channels are both mainly expressed in
the CNS and heart [14]. The HCN ion channels
are activated at hyperpolarized membrane
potentials, providing a depolarizing inward cur-
rent and consequently promoting the activation
of other voltage-gated channels. A large num-
ber of studies indicated that HCN channels are
involved in a wide range physiological and path-
ological processes, including the secretion of
pancreatic cells, vision, sinoatrial node func-
tion, memory learning, taste perception and
PNP [15, 16]. Essentially, HCN2 channels play
important roles in the regulation of mechanical
allodynia and thermal hyperalgesia and partici-
pate in the disease onset and progression of
PNP [6]. The present study revealed the change
of HCN2 channel expression in ipsilateral spi-
nal dorsal horns of a PNP mice model induced
with SNI and the mechanisms of HCN2 channel
inhibition on relieving the neuropathic pain.

Preclinical studies in PNP animal models indi-
cated that PNP is due, at least in part, to the
abnormal hyperexcitability of ipsilateral spinal
dorsal horn neurons [17]. Our results showed
that HCN2 channel expression was significantly
increased in the L4-L5 ipsilateral spinal dorsal
horns of SNI mice compared with the sham
mice. MWT and PWL were used to assess the

Int J Clin Exp Pathol 2019;12(1):154-163
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degree of neuropathic pain. In the SNI mice, we
showed a sharp decline of ipsilateral MWT and
PWL from the first day after surgery, which
reached the lowest values on the day 3 after
the surgery, and then maintained a stable level
for a long time. Our results are consistent with
previous studies [6]. These findings suggest
that increased HCN2 channel expression is
involved in the progress of PNP. Therefore,
inhibiting the activity of the HCN2 channels
during the initiation and maintenance progress
of PNP might be a promising therapeutic
approach.

In order to investigate the effects and mecha-
nisms of HCN2 channel expression on PNP, the
SNI mice were treated with ZD-7288, a blocker
for HCN2 channels, and an adenovirus vector
with si-HCN2. We showed that inhibiting the
activity or decreasing HCN2 channel expres-
sion significantly increased ipsilateral MWT and
PWL, and relieved the neuropathic pain gradu-
ally. Blocking HCN2 channels also attenuates
chronic visceral pain in irritable bowel syn-
drome [18]. A recent study revealed that HCN2
channels contribute to the generation and
progress of diabetic neuropathic pain [19].
These results indicated that HCN2 channels
contribute to the modulation of both the
somatosensory and visceral sensory system.
This study further confirms that HCN2 channels
are involved in the progress of PNP, but the
mechanisms are still unclear.

Several studies reported that many inflamma-
tory factors mediate neuropathic pain by direct-
ly or indirectly binding to the neuron following
different injuries in the nervous system [20].
The local cytokines such as IL-17 and IL-13 are
responsible for the initiation and maintenance
of chronic neuropathic pain [21]. The exoge-
nous pro-inflammatory factors IL6 and TNF-a
can induce pain hypersensitivity [22]. Further-
more, 1L-10, an anti-inflammatory factor, could
inhibit the progress of neuro-inflammation by
reducing the level of pro-inflammatory factors
[23]. To further investigate the effects of HCN2
channels on the synthesis of inflammatory fac-
tors, we measured the levels of TNF-a, IL-10,
and MCP-1 in the ipsilateral spinal dorsal horns
on day 7 after surgery. Our results indicated
that inhibition of HCN2 channels decreased the
expression of SNI-induced TNF-a, IL-1B3, and
MCP-1 in ipsilateral spinal dorsal horns on day
7 after surgery. Bringing together our results
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and those of recent studies, we indicated that
the inhibition of HCN2 channels could relieve
PNP by reducing the expression of local pro-
inflammatory factors. However, the source of
the pro-inflammatory factors in ipsilateral spi-
nal dorsal horn is unclear.

Recent studies showed that the activation of
astrocytes and microglia in ipsilateral spinal
dorsal horn contribute to the initiation and
development of PNP [9]. Moreover, the activa-
tion of astrocytes and microglia in ipsilateral
spinal dorsal horns is concurrent with the
release of the pro-inflammatory factors after
nerve injury [24]. Therefore, we plan to further
explore the cross-talk of HCN2 channels, the
activation of astrocytes and microglia, and PNP.
In our study, blocking the HCN2 channels by
ZD-7288 and si-HCN2 could inhibit the activa-
tion of astrocytes and microglia and lessen the
degree of PNP. However, whether the pro-
inflammatory factors in ipsilateral spinal dorsal
horns are derived from the activated astrocytes
and microglia remains to be further studied.

NF-kB, an important nuclear transcription fac-
tor, has been linked to several diseases includ-
ing cancer, autoimmune disease, septic shock,
inflammatory response and PNP [25]. Activated
NF-kB p65 translocates into the nucleus, where
it regulates the transcription of downstream
genes. Moreover, activated NF-kB is involved in
the activation of astrocytes and microglia, and
the inflammatory response [26]. Reciprocally,
the pro-inflammatory factors also could acti-
vate NF-kB signal pathway [26]. Our results
showed that inhibiting the activity of the HCN2
channels suppresses the nuclear translocation
and phosphorylation of NF-kB, which suggests
that NF-kB inhibition is a protective mechanism
for blocking HCN2 channels against PNP.
However, this potential molecular mechanism
needs further investigation.

There are some limitations should be discuss-
ed in this study. First, even though the siRNA
for HCN2 channels significantly inhibited the
expression of the HCN2 channels, the use of
HCN2 knockout mice would be a better way to
verify the role of the HCN2 channels in the
inflammatory response and the NF-kB signaling
pathway. Second, as can be seen in the results,
pre-treatment with si-HCN2 could not com-
pletely alleviate the mechanical allodynia and
thermal hyperalgesia, indicating that other fac-
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tors or the signaling pathway must be involved
in neuropathic pain, discoveries that will be
determined in future studies.

In conclusion, our studies indicate that the
HCN2 channels play a critical role in the in-
itiation and progress of PNP. Decreased HCN2
channel expression attenuates neuropathic
pain by inhibiting pro-inflammatory reactions
and NF-kB activation. Specific inhibition of the
HCN2 channels possibly represents a novel tar-
get for PNP treatment.
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