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(Figure 2A and ���%, P<0.05, P<0.01), while the 
ACSF barely affected the neuropathic pain 
induced by SNI. To verify the role of HCN2 chan-

nels in the SNI induced neuropathic pain; si-
HCN2 was designed to inhibit the expression of 
HCN2 channels. It was shown that there was 

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-α (A), IL-1β (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.

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.
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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 

channels silence attenuating neuropathic pain 
is still unknown.

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

It is understood that many inflammatory factors 
play important roles in the progress of neuro-
pathic pain, so the levels of TNF-α, IL-1β, 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 

Figure 5. Decreased HCN2 expression suppressed nuclear factor-κB (NF-κB) activation. Immunofluorescent staining 
of P65 in ipsilateral L4-L5 spinal cord dorsal horns was performed to investigate the effects of HCN2 expression 
on NF-κB 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.
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