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Abstract

The neural balance between facilitation and inhibition determines the final tendency of central sensitization. Nerve

injury-induced hypersensitivity was considered as the results from the enhanced ascending facilitation and the diminished

descending inhibition. The role of dopaminergic transmission in the descending inhibition has been well documented, but its

underlying molecular mechanisms are unclear. Previous studies demonstrated that the lysine dimethyltransferase G9a/G9a-

like protein (Glp) complex plays a critical role in cocaine-induced central plasticity, and given cocaine’s role in the nerve

system is relied on its function on dopamine system, we herein proposed that the reduced inhibition of dopaminergic

transmission was from the downregulation of tyrosine hydroxylase expression by G9a/Glp complex through methylating

its gene Th. After approval by the Animal Care and Use Committee, C57BL/6 mice were used for pain behavior using von

Frey after spared nerve injury, and Th CpG islands methylation was measured using bisulfite sequencing at different nerve

areas. The inhibitor of G9a/Glp, BIX 01294, was administered intraventricularly daily with bolus injection. The protein levels

of G9a, Glp, and tyrosine hydroxylase were measured with immunoblotting. Dopamine levels were detected using

high-performance liquid chromatography. The expression of G9a but not Glp was upregulated in ventral tegmental area

at post-injury day 4 till day 49 (the last day of the behavioral test). Correspondingly, the Th CpG methylation is increased, but

the tyrosine hydroxylase expression was downregulated and the dopamine level was decreased. After the intracerebroven-

triclar injection of BIX 01294 since the post-injury days 7 and 14 for consecutive three days, three weeks, and six weeks, the

expression of tyrosine hydroxylase was upregulated with a significant decrease in Th methylation and increase in dopamine

level. Moreover, the pain after G9a/Glp inhibitor was attenuated significantly. In sum, methytransferase G9a/Glp complex

partially controls dopaminergic transmission by methylating Th in peripheral nerve injury-induced neuropathic pain.
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Introduction

Nerve injury-induced neuropathic pain remains a severe
and prevalent problem that can reduce quality of life and
cause prolonged suffering in patients, affecting a large
group of individuals. Although we have made many
advances in understanding the pathogenesis of neuro-
pathic pain with the development of new analgesic tech-
niques and agents, it still remains incompletely
controlled largely due to our insufficient knowledge of
its underlying mechanisms.1,2

The final tendency of central sensitization is deter-
mined by the neural balance between facilitation and
inhibition and the susceptibility to pain is supposed to
depend on the balance of ascending and descending
signaling pathways in pain.1,3,4 Nerve injury-induced
pain hypersensitivity was considered as the results from
the enhanced ascending facilitation and the diminished
descending inhibition. The role of dopaminergic transmis-
sion in the descending pain inhibitory system has been
well documented and dysregulations in dopaminergic
transmission may contribute to the altered pain process-
ing,5–7 but the underlying molecular mechanisms remain
unclear. Nerve injury also causes enduring changes in the
expression of pro- and anti-nociceptive genes,8,9 in add-
ition to abnormal hyperactivity of primary sensory
nerves.10 However, the molecular mechanisms involved
in the sustained alterations in gene transcription and
their roles in neuropathic pain are not fully elucidated.

Dimethylation of lysine 9 of histone H3 (H3K9me2)
is a post-translational modification present in both
euchromatin and heterochromatin typically at the pro-
moters of silenced genes, which is catalyzed by an
enzymatic complex comprising euchromatic histone
methyltransferases G9a and G9a-like protein (Glp).11,12

Biologically, G9a/Glp is a master regulator of lineage-
specific gene expression in the brain, which can repress
gene expression and a crucial repressive enzymatic com-
plex for governing transcriptional output during devel-
opment and neuronal cell differentiation.13 Other
published reports showed that downregulation of the
activity of G9a by repeated cocaine administration medi-
ates cocaine’s ability to regulate the dendritic spine dens-
ity of neurons and plasticity and also result in a switch of
neuronal subtypes, from dopamine (DA) receptor D2
expressing (Drd2) neurons to Drd1 neurons,14,15 demon-
strating a critical role of G9a/Glp in cocaine-induced
central plasticity. Meanwhile, as a DA reuptake inhibitor
increasing neuronal activity,16 cocaine’s role in the nerve
system is relied on its function on DA system by causing
symptoms of increased DA-elevated energy and arousal
and an experience of reward and pleasure.17,18 Therefore,
we hypothesized that the reduced inhibition of dopamin-
ergic transmission was from the downregulation of tyro-
sine hydroxylase (tyrosine hydroxylase, the rate-limiting
enzyme in DA synthesis) expression by G9a/Glp complex

through methylating its gene Th in peripheral nerve
injury-induced neuropathic pain.

Methods and materials

Subjects and peri-surgical care

After approval by the Institutional Committee of Animal
Care and Use, we used male C57BL/6 mice weighing 20–
25 g, 7–9 weeks of age, for all behavioral tests in accord-
ance to the guidance of the Ethical Guidelines for
Investigations of Experimental Pain in Conscious
Animals. The peri-surgical treatment of the animals
was reported elsewhere previously.19 In brief, animals
are housed in a cage on a reverse 12:12-h dark–light
cycle at the housing temperature of 23� 1�C. After ran-
domization, each animal was placed into a test box with
three mirrored sides for habituation for 10min, and then
the test sessions took place. No food or water was avail-
able to the mice during the experiment. After the experi-
ment, each animal was euthanized by administrating a
lethal dose of pentobarbital.

Study protocol

All animals underwent plantation of intracerebroventri-
clar (i.c.v.) cannula seven days before nerve injury and
were subjected to the mechanical behavioral tests at the
day 1 before nerve injury, and the days of 0, 7, 14, 21, 28,
35, 42, and 49 after nerve injury. For the intrathecal treat-
ment, BIX 01294 was dissolved in dimethyl sulfoxide
(DMSO) and injected daily since the post-injury days
7 and 14 for consecutive three days, three weeks, or six
weeks. During the interventional animals, the pain behav-
iors were measured at variable time points following dif-
ferent interventional protocols. All experimental drugs
were injected daily intrathecally using a microsyringe in
a volume of 5mL over 30 s, and then 10 -mL saline was
used to flush the catheter dead space. For the vehicle con-
trol animals, a total of 15mL of DMSO only was given.

Plantation of intracerebroventricular cannula

A cannula was stereotaxically implanted to all mice to
allow i.c.v. microinjections as reported previously.20

Briefly, under aseptic conditions, a hole was drilled in
the skull that located at lateral 1.0mm, posterior
0.5mm to Bregma, and the tip of a 26-G stainless steel
infusion cannula was placed 2.0mm below the surface of
the skull into the right ventricle. Then, the cannula was
secured to the skull using dental cement and a stylus was
inserted to maintain patency. The surgeries were per-
formed under isoflurane anesthesia (4% induction;
1.5%–2% maintenance). A total of 30mg/kg of
Ibuprofen was available orally through drinking water
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for 24 h preoperatively and for at least 72 h postopera-
tively to alleviate possible postoperative pain. Sodium
penicillin 10,000 IU (Shanghai AoBopharmtech,
Shanghai, China) was given subcutaneously against
infection. Finally, 0.4mg of dexamethazone in 0.2mL
was given subcutaneously preoperatively to reduce
brain swelling. The mice would be excluded if neuro-
logical deficits exhibited after the cannula plantation.

Spared nerve injury

The spared nerve injury (SNI)-induced model has been
described elsewhere previously.21 In brief, animals were
anesthetized with isoflurane (4% induction; 1.5%–2%
maintenance), and the tibial and common peroneal
branches of the sciatic nerve were ligated and then sec-
tioned distally, but the sural nerve was left intact.
Animals in the sham control underwent exposure of
the sciatic nerve merely but were not ligated or dissected.

Mechanically evoked pain

Before and after surgery at different time points, mech-
anical pain thresholds were assessed from the withdrawal
responses to the stimulation using the von Frey fila-
ments. The test was carried out according to our previ-
ous study that has described the protocol.19 In brief, the
surface of the hind paw plantar was probed with the
filaments of varying forces were applied for a maximal
of 10 s, and the stimulus threshold was calculated
through evoking a quick withdrawal response. The
stimulation started with 0.407 g and the increment was
based on the withdrawal response to the current stimu-
lation. If the withdrawal response appears, then the same
filament strength was given 60 s later again; but if not, a
higher strength was presented. If the mouse withdrew its
hind paw in two consecutive trials with the same filament
strength, then no further filaments were tested. The abso-
lute response threshold was determined by fitting to a
Gaussian Integral Psychometric Function via a
Maximum Likelihood method.

Western blotting detection

The dorsal root ganglion (DRG), lumbar spinal cord
L5–6 (L-SC), ventral tegmental area (VTA), nucleus
accumbens (NAc), and prefrontal cortex (PFc) from
sham and SNI mice were separated and minced into
small pieces, and then suspended in lysis buffer (4%
SDS, 0.004% bromophenol blue, 20% glycerol, Tris-
HCl, 10% 2-mercaptoethanol, pH 6.8, containing 50mM
PMSF, 6M urea, 50mM Na3VO4, Sigma) for protein
extraction. The Bradford method22 was used to determine
the concentration of total protein. A rabbit polyclonal
primary antibody (Biorbyt, Explore. Bioreagents.)

at 1:1000 dilution was used to detect G9a, Glp, and TH.
Following incubation and repeated washing, donkey anti-
rabbit secondary antibody (IgG-HRP-1:10,000; Santa
Cruz Biotechnology Inc) incubation was performed.
Enhanced chemiluminescence was used to visualize the
bands. Finally, protein levels were normalized in regard
to the signal obtained with bactin monoclonal antibodies
(Santa Cruz Biotechnology; 1:1,000 dilution) chosen as
housekeeping protein, and then the protein expression
values were expressed as mean of arbitrary unit� SEM.

High-performance liquid chromatography

DA concentrations were analyzed using high-perfor-
mance liquid chromatography (HPLC) equipment
fitted with an electrochemical detector. The mobile
phase comprised 0.15mM NaH2PO4, 0.01mM octyl
sodium sulfate, 0.5mM Ethylenediaminetetraacetic acid
(EDTA), and 12.5% methanol and was delivered by the
model 590 pump (Waters Associates, Milforal) at a rate
of 1mL/min into an Ultrasphere 3mm ODS column.
The electrochemical detector of HPLC was an ESA
Coulochem mod. 5100A with a dual electrode analytical
cell (mod. 5011). The mean dialysate concentration of six
samples for each mouse in the present study was
expressed as fmol in 10mL of perfusate.

Bisulfite sequencing

Methylation data obtained from DRG, L-SC, VTA,
NAc, and PFc of Sham and spinal nerve ligation
(SNL) mice to investigate the methylation of CpG
islands of the Th gene near the transcriptional start
site. Genomic DNAs obtained from pools of above tis-
sues were treated with bisulfite using an Epitek bisulfite
kit. This process changes the unmethylated cytosine to
uracil with the methylated cytosine unchanged. The
region of interest close to the transcriptional start site
of gene Th was amplified by polymerase chain reaction
by using specific primers. The amplified DNA was
cloned into 4-TOPO vector, and then the DNA was
sequenced. We analyzed every sequence for the presence
of methylated cytosines using the QUMA web-based
program corresponding to a different allele Th CpG
islands methylation.

Statistical analyses

Data are expressed as the means� SEMs, and analyzed
using GraphPad Prism version 5.0 (GraphPad Software
Inc., San Diego, CA) or PASW Statistics v18.0 (IBM
Co., Armonk, NY). Two-way analysis of variance was
used to analyze nociceptive data and multiple group
results with where treatment and nociceptive status or
other multiple factors were regarded as independent
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variables, and all factors were between-subjects factors.
For multiple comparisons among different points in
time, the analysis of variance tests were always followed
by the Bonferroni post hoc tests. Student’s t test was
used to analyze the intergroup difference when there
were two testing groups. Paired t test was used to analyze
the expressions of proteins detected with Western
Blotting. All P values reported are two sided and differ-
ence is considered significant at P< 0.05.

Results

G9a/Glp expression after SNI

Mechanically evoked pain behaviors in SNI mice dis-
played statistical difference between the ipsilateral and
the contralateral paws. The time course of mechanical
withdrawal threshold showed that the nerve injury
induced a time-dependent reduction of mechanical
threshold and peaked at post-injury day 14 and then
started recovery in the ipsilateral hind paw, but no sig-
nificant change was observed in the contralateral limb
(Figure 1(a) and (b)). To verify the nerve area involved
in neuropathic pain, we measured the expression of G9a/
Glp at post-injury day 14 at different nerve areas and
found that G9a was upregulated in mice VTA but not
other nerve areas at post-injury day 14 (Figure 1(c) and
(d)). Based on this observation, we further measured
G9a/Glp content in mice VTA after SNI and found
that the expression of G9a but not Glp were upregulated
in VTA at post-injury day 4 till day 49 (the last day of the
behavioral test) (Figure 1(e) and (f)). This suggested that
the expression of G9a changed time-dependently in VTA
after SNI.

Th CpG islands methylation at different
cerebrospinal areas after SNI

After measuring the expression of G9a/Glp in the SNI-
injured animals, we next detected the methylation of Th
CpG islands using bisulfite sequencing at different cere-
brospinal areas on day 14 after SNI. The Th CpG islands
methylation is increased markedly at post-injury day 14
in VTA, but no significant change was observed in other
areas (Figure 2), indicating that VTA is the major area
critically involved in the regulation of the methylation of
Th gene.

Th CpG islands methylation, TH expression,
and DA level in VTA after SNI

Based on previous findings of G9a/Glp expression and Th
methylation in SNI mice, we next detected the alterations
of Th CpG islands methylation, TH expression, and DA
level in VTA at post-injury day 4 till day 49. Interestingly,

the Th CpG islands methylation is also increased in a
time-dependent manner (Figure 3(a)), but the TH expres-
sion was downregulated (Figure 3(b) and (c)) and the DA
level was decreased correspondingly (Figure 3(d)), sug-
gesting that dopaminergic transmission may be involved
in the peripheral nerve injury-induced hypersensitivity.
However, further investigations are needed to clarify
and verify the role of G9a/Glp in this process.

Effect of G9a/Glp inhibition on pain,
Th methylation, and dopamine level in VTA

For further confirmation of G9a/Glp’s role in the
reduced inhibition of dopaminergic transmission in per-
ipheral nerve injury-induced neuropathic pain, we deter-
mined whether the inhibition of G9a/Glp affects von
Frey-evoked pain, G9a and TH expression, CpG methy-
lation, and DA level. We applied G9a/Glp inhibitor BIX
01294 i.c.v. to the mice after SNI and found that after the
injection of BIX 01294 since the post-injury day 14 for
consecutive three days, the expression of G9a was sig-
nificantly downregulated (Figure 4(b) and (c)), but the
expression of TH (Figure 4(b) and (c)) was upregulated
with a significant decrease in Th methylation
(Figure 4(d)) and the DA level was increased markedly
(Figure 4(e)). Moreover, the G9a/Glp inhibitor adminis-
tration elevated the pain threshold than the sole SNI
animals (Figure 4(a)). These results indicate that G9a/
Glp inhibition reversed the hyperexcitability in VTA,
and the dopaminergic inhibition by G9a/Glp complex
on TH expression may be involved in nerve injury-
induced hypersensitivity.

Effect of long-term inhibition of G9a/Glp
on pain behavior

After measuring G9a/Glp inhibitor-induced changes since
the post-injury day 14 for consecutive three days, we then
applied G9a/Glp inhibitor BIX 01294 i.c.v. to the mice
since the post-injury day 7 for consecutive three weeks
and six weeks separately. As expected, the G9a/Glp
inhibitor administration also considerably elevated the
pain threshold than the sole SNI animals (Figure 5(a)
and (b)). These data further confirmed that the increased
level of G9a in VTA is an essential contributor to periph-
eral nerve injury-induced neuropathic pain, and inhibition
of G9a/Glp may be a potential way of pain control.

Discussion

In the present study, we tested the hypothesis that G9a/
Glp complex played a role in the reduced inhibition of
dopaminergic transmission in peripheral nerve injury-
induced neuropathic pain via methylating the gene Th
of TH and demonstrated that the expression of G9a
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but not Glp was upregulated in VTA after peripheral
nerve injury. Following the changes of G9a, the methy-
lation of the Th CpG islands is increased, but the TH
expression was downregulated and the DA level was

decreased. Further, after the i.c.v. injection of G9a/Glp
inhibitor, the TH expression was upregulated with a sig-
nificant decrease in Th methylation. Furthermore, the
pain threshold after G9a/Glp inhibitor administration

Figure 1. SNI-induced changes in pain threshold and G9a/Glp expression. (a, b) SNI-induced marked decrease of mechanical withdrawal

threshold in the ipsilateral hind paw, but no significant change was observed in the contralateral limb (***P< 0.001 vs. corresponding time

points in Sham); (c, d) G9a was upregulated in mice cerebrospinal regions at post-injury day 14, and in both VTA and NAc, the expression

of G9a showed statistically significant changes (*P< 0.05 and ***P< 0.001 vs. Sham); but in DRG (P¼ 0.052 vs. Sham), L-SC (P¼ 0.06 vs.

Sham), and PFc (P¼ 0.051 vs. Sham), the expression of G9a was upregulated, but did not show statistical significance; (e, f) Glp was

upregulated only in VTA at post-injury day 14 (*P< 0.05 vs. Sham), but other regions did not show significant change. (g, h) The expression

of G9a showed a time-dependent change in VTA at post-injury days (day 0 to day 49), but Glp only showed changes at days 14 and 21 after

SNI (*P< 0.05 and ***P< 0.001 vs. day 0). Data were presented as means� SEMs. The sample number of all behavioral and protein

expression were 15 (n¼ 15).
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Figure 3. Time-dependent changes in dopaminergic pathway in VTA after SNI. (a) Th CpG islands methylation in VTA is increased after

SNI. Each row denotes one sample, and each column represents one CpG island (n1¼ 12–14); (b, c) TH expression in VTA was

downregulated at post-injury day 7 till day 49 (*P< 0.05 and **P< 0.01versus post-SNI day 0); (d) DA level in VTA was downregulated at

post-injury day 4 till day 49 (*P< 0.05 and **P< 0.01 versus post-SNI day 0). Data were presented as means� SEMs; n2¼ 15.

Figure 2. Changes of Th CpG methylation after SNI. (a) Eleven CpG islands of Th gene promoter and corresponding locations. (b, c) The

Th CpG islands methylation is increased markedly at post-injury day 14 in the VTA, but no significant change was observed in DRG, L-SC,

NAc, and PFc. Each row denotes one sample, and each column represents one CpG island. *P< 0.05 and ***P< 0.001 versus Sham. Data

were presented as means� SEMs; n¼ 11–16.
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Figure 4. Effect of G9a/Glp inhibitor on pain, Th methylation, and dopamine in SNI animals. (a) The G9a/Glp inhibitor administration

elevated the pain threshold than the sole SNI animals for consecutive three days (*P< 0.05 versus SNI); (b, c) G9a expression was

downregulated, but the expression of TH was upregulated in VTA after G9a/Glp inhibitor i.c.v. injection (*P< 0.05 and **P< 0.01 versus

SNI day 0; #P< 0.05 and ##P< 0.01 and ###P< 0.001 versus SNI day 7); (d) CpG methylation was decreased significantly in VTA after G9a/

Glp inhibitor i.c.v. injection for consecutive three days (#P< 0.05 versus SNI); (e) DA level was increased in VTA after G9a/Glp inhibitor

i.c.v. injection for consecutive three days (*P< 0.05 versus SNI). Data were presented as means� SEMs; n¼ 15.

Figure 5. Long-term effect of G9a/Glp inhibition on pain threshold. The pain threshold significantly elevated in SNI animals after

administration of G9a/Glp inhibitor i.c.v. for consecutive three weeks (a) and six weeks (b) (*P< 0.05 versus SNI). Data were presented as

means� SEMs; n¼ 15.
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was elevated significantly. Our data suggested that
the G9a/Glp complex is involved in the inhibition of
DA in pain modulation through methylating the Th
gene of TH.

An important knowledge gap in the research of neuro-
pathic pain is whether epigenetic changes can initiate
and then maintain abnormal gene expression in nerve
injury-induced chronic pain. H3K9 methylation, a
highly conserved histone post-translational modification,
is commonly linked to transcriptional repression. G9a
and Glp are the primary enzymes for H3K9me211,23

and exist predominantly as a G9a/Glp heteromeric com-
plex that seems to be a functional H3K9 methyltransfer-
ase.12 Recently, Laumet et al.24 have reported that nerve
injury increases the global expression level and activity of
G9a and the enrichment of G9a-dependent H3K9me2,
and then G9a inhibition restored the pain threshold to
the baseline level gradually, providing functional evi-
dence for the crucial role of G9a in neuropathic pain
development. In addition, growing evidence shows that
ventral striatum is critically involved in neuropathic
pain25 and Brischoux et al.26 have also made great pro-
gress to unveil the changes of neural activity in response
to acute noxious stimuli in brainstem areas, such as
VTA. In this study, we measured the expression of
G9a at post-injury day 14 at different nerve areas to
verify the nerve area involved in neuropathic pain and
found that G9a was upregulated at post-injury day 14 in
mice VTA but not other nerve areas, so we tested G9a
and Glp levels in VTA of mice and found that the expres-
sion of G9a but not Glp were upregulated in VTA at
post-injury day 4 till day 49 after peripheral nerve
injury, which is consist with the previous study.24

The descending inhibition involved in nociceptive
information plays an important role in the control of
excessive pain and the descending dopaminergic pathway
is crucial during the process of antinociception. There
are multiple evidences that pain perception can be con-
trolled by dopaminergic pathways.27,28 Dopaminergic
terminals have also been shown to modulate nociceptive
transmission and to enhance antinociception.5,29

However, our study majorly concentrated on the
supraspinal mesocorticolimbic dopaminergic pathway,
rather than the spinal descending dopaminergic path-
way. Our study revealed that the Th CpG islands methy-
lation is increased, but the TH expression was
downregulated and the DA level was decreased subse-
quently in VTA after SNI, suggesting that dopaminergic
transmission may be involved in the peripheral nerve
injury-induced neuropathic pain. However, further
investigations will be required to clarify the role of dopa-
minergic receptors.

Changes in gene expression induced by nerve injury
probably involve multiple epigenetic regulators, so, we
here explored potential interaction between G9a/Glp in

mediating pain sensitization and TH expression.
Interestingly, study has shown that G9a inhibition
restored the expression of many upregulated and down-
regulated genes that are involved in nociceptive signal-
ing.26 In our study, after the injection of inhibitors of
G9a/Glp, the expression of G9a was downregulated,
but the TH expression was upregulated with a significant
reduction in Th methylation and increase in DA level.
Moreover, G9a/Glp inhibitor administration elevated
the pain threshold than the sole SNI animals using
i.c.v. injection for consecutive three days, three weeks,
and six weeks. These data indicated that the G9a/Glp
complex plays an inhibiting role in quenching the inhib-
ition of DA in pain modulation through methylating the
Th gene, and this disinhibition effect on dapaminergic
transmission can produce effective alleviation of pain
by G9a/Glp inhibitor suggesting that dopaminergic
inhibition by G9a/Glp complex on TH may be involved
in nerve injury-induced hypersensitivity. As demon-
strated in the study by Dr Zhang et al.30 that the
methyl CpG-binding protein 2 directly inhibiting G9a
as a common mechanism in the amygdala for the regu-
lation of pain and opioid reward in combination with
our study suggesting that maybe some other pathways
like dopamine-opioid pathway exist as DA’s joint
players in determining the final behavior and the under-
lying mechanisms need further study.

Dr Laumet et al.24 have recently reported that G9a
inhibition normalized genome-wide gene expression in
the injured DRG and also significantly attenuated pain
hypersensitivity in SNL rats and the underlying mechan-
ism is associated with epigenetic silencing of Kþ channel
genes by G9a. Although this study also partially sup-
ports the concept that G9a/Glp is a crucial modulator
of pain, the detailed findings were not consistent with
ours. In contrast to Dr Laumet’s study, our study
showed a little bit increase in the G9a expression in
DRG, whereas did not detect significant change statis-
tically (P¼ 0.052). For such a little change, we proposed
that it may be associated with several aspects. First, the
animal models were different. Both models, SNL and
SNI, are widely used as representatives of neuropathic
pain, but SNL has a propensity to induce more severe
pain behavior with quicker onset and longer duration
than that of the SNI, which displays relatively moderate
changes correspondingly. Such difference in injury sever-
ity may be underlying the potential variations in protein
expression at the same location. Second, when compared
among different tissues (Figure 1(c) and (d)), the expres-
sion of G9a in VTA is much higher than the others,
which guided us to look into the actual role of VTA
G9a in SNI pain model, i.e., the supraspinal mechanisms
of neuropathic pain. Of course, this research tendency
does not mean other detected tissues in our study were
not important for being investigated at length, but only
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not strong enough to be studied in the present research.
Third, Dr. Laumet’s study also used genetically modified
C57/BL6 mice (DRG G9a knockout) which undergone
SNI, and showed substantial alleviation of pain indicat-
ing the contributing role of DRG G9a to SNI-induced
pain, which reminds us that it is critically necessary
to take further in-depth observations of G9a/Glp-
associated contribution of potential genes’ epigenetic
alterations to peripheral nerve injury-induced nocicep-
tive hypersensitivity.

Before concluding, some limitations of the study
should be acknowledged. DNA methylation, one of the
major compositions of epigenetic modification, can
undergo both direct and indirect modulations by methyl-
transferase.31,32 Direct modification indicates that the
methyl group can be transferred to corresponding
DNA CpG islands directly, whereas the indirect modifi-
cation means that the methylated DNA CpG islands
were secondarily resulted from the histone H3 lysine 9
dimethylation (H3K9me2), which was primarily methy-
lated by methyltransferase like G9a/Glp complex. In our
study, a correlation was observed between VTA G9a
expression and Th methylation in SNI mice, but we did
not identify whether this high methylation of Th CpG
islands is directly from G9a/Glp or indirectly from G9a/
Glp’s effect on H3K9me2 first. Furthermore, dopamin-
ergic transmission is an essential part of central nervous
system functional regulation. Currently, a total of eight
supraspinal dopaminergic pathways have been identi-
fied33,34 and one spinal descending dopaminergic path-
way.35 Although all these pathways are found being
involved in the regulation of different types of pain to
different extent, we in this study merely focused on the
mesocorticolimbic pathway. As, thus, our findings in this
study do not mean they are in common also to other
dopaminergic pathways, especially for the spinal des-
cending dopaminergic pathway, and should be cautious
in explaining the role of G9a/Glp-associated dopamin-
ergic transmission in peripheral nerve injury-induced
pain. Last, in our study, we also found changes in Glp
expression during days 14 to 21 after SNI, whereas we
did not use Glp inhibitors to observe its role in this pain
condition. So, whether Glp plays a role as G9a does in
this SNI-induced hypersensitivity needs to be verified by
further work.

Conclusions

In conclusion, our results for the first time suggest that
methytransferase G9a/Glp complex partially controls
dopaminergic transmission by methylating Th in periph-
eral nerve injury-induced neuropathic pain. The present
findings in combination with other reports,24,30 advance
our understanding of the G9a/Glp-associated epigenetic
plasticity involved in the development of neuropathic

pain. Moreover, these data provide clue that G9a/
Glp may represent a promising target for preventing
and treating peripheral nerve injury-induced neuro-
pathic pain.
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