
The cost of chronic pain
Th e impact of chronic pain is staggering. Aff ecting 
approximately one in fi ve adults, chronic pain is 
associated with a signifi cantly reduced quality of life and 
a higher risk of depression and other mental health dis-
orders [1,2]. Th e economic costs of chronic pain refl ect 
this: for example, in the UK, back pain alone is res pon-
sible for an estimated £5 billion of public funds each year 
[3]. Critically, current therapies to treat pain often fall 
short of patient expectations. In a recent survey, 40% of 
suff erers reported inadequate pain control [1]. Th e need 
for improved treatment options is clear.

Pain is still primarily treated with non-steroidal anti-
infl ammatory agents (NSAIDs), paracetamol and weak 
opioids, all of which have their shortcomings. NSAIDs 
and opioids have less than ideal side-eff ect profi les, 

inducing stomach ulceration and blood thinning in the 
case of NSAIDs and sedation, constipation and possible 
dependency in the case of opioids. Paracetamol reaches 
toxicity at relatively low doses, compromising its maximal 
analgesic eff ect. Within the pharmaceutical industry, the 
approach to fi nd novel analgesics has primarily relied on 
our understanding of how current medication works and 
attempting to improve delivery to reduce side eff ects. But 
ultimately these drugs all function through the same 
mechanisms and do not provide greatly improved 
analgesia to patients.

It has not been easy to develop novel and eff ective 
classes of analgesic drugs  - there have been almost no 
new registrations in the past 15  years. Th ere has been 
much discussion about the reasons for past failures and 
this has stimulated an interest in exploring novel 
mechanisms, such as epigenetics [4]. One exception has 
been the recent use of biologics, drugs that are designed 
to mimic or block products made by the immune system. 
Th is approach was taken from the immunology fi eld, 
where it was discovered that anti-tumor-necrosis factor 
alpha (TNFα) therapy can have rapid analgesic eff ects [5]. 
One study, which delivered the anti-TNFα drug etan cer-
cept perispinally, observed pain relief in patients within 
20 minutes of application, probably before disease modi fi -
cation can have occurred [6]. Since then, the use of 
biologics to target known pain mediators has resulted in 
some of the most dramatic examples of analgesic drug 
effi  cacy in recent history. Tanezumab, an antibody 
directed against nerve growth factor, was found to 
radically reduce pain in a population of osteoarthritis 
patients [7]. Although initially the US Food and Drug 
Administration (FDA) halted trials because of the 
perceived increase in adverse events in the treatment 
group, this hold has been lifted and new trials will be 
permitted [8].

Th is example indicates that new approaches, based 
fi rmly on both preclinical and patient data, may give rise 
to greatly improved analgesics. Th ere are several bio-
logical mechanisms that maintain chronic pain at the 
cellular level [9] and that may serve as potential targets 
(Box  1). Increasingly, genetic and epigenetic factors are 
being identifi ed and implicated in these mechanisms. 

Abstract
Chronic pain aff ects approximately one in fi ve 
adults, resulting in a greatly reduced quality of life 
and a higher risk of developing co-morbidities such 
as depression. Available treatments often provide 
inadequate pain relief, but it is hoped that through 
deeper understanding of the molecular mechanisms 
underlying chronic pain states we can discover new 
and improved therapies. Although genetic research 
has fl ourished over the past decade and has identifi ed 
many key genes in pain processing, the budding fi eld 
of epigenetics promises to provide new insights and 
a more dynamic view of pain regulation. This review 
gives an overview of basic mechanisms and current 
therapies to treat pain, and discusses the clinical and 
preclinical evidence for the contribution of genetic and 
epigenetic factors, with a focus on how this knowledge 
can aff ect drug development.

© 2010 BioMed Central Ltd

Genes and epigenetic processes as prospective 
pain targets
Megan Crow*, Franziska Denk and Stephen B McMahon*

R E V I E W

*Correspondence: megan.crow@kcl.ac.uk; stephen.mcmahon@kcl.ac.uk
Wolfson Centre for Age-Related Diseases, King’s College London, 
London SE1 1UL, UK

Crow et al. Genome Medicine 2013, 5:12 
http://genomemedicine.com/content/5/2/12

© 2013 BioMed Central Ltd



This review discusses what is known about these factors 
and how they might be harnessed for effective therapy.

Pain genetics
There is good evidence from twin [10-13] and popula
tion-based studies [14] that genetic risk factors can 
explain some of the individual differences in pain percep
tion and the etiology of chronic pain conditions. For 
instance, heritability estimates range from 0.3 to 0.6 for 
chronic lower back pain and seem to be higher the more 
severe the condition [15,16]. Research has been focused 
on uncovering the genes responsible for these asso
ciations, in the hope that knowing their identity might 
not only lead to a deeper mechanistic understanding of 
chronic pain, but also to new therapeutic approaches. As 
in other fields, two main strategies have been adopted: 
one is to study rare familial pain conditions with 
Mendelian inheritance patterns, the other to use either 
candidate-gene or genome-wide association studies 
(GWASs) to identify polymorphisms that segregate with 
complex pain disorders (see [17] for a review).

Families with abnormal pain processing, in particular 
congenital insensitivity or indifference to pain, are very 
rare, probably because of the crucial importance of this 
sensation for survival. The condition most often co-
occurs with neuropathy, falling under the umbrella term 
of ‘hereditary and sensory autonomic neuropathy’ (types 
1 to 5). Point mutations have been identified in various 
genes as the underlying cause of different hereditary and 
sensory autonomic neuropathy types [18], most notably 
the gene encoding the TrkA receptor. Loss-of-function 
mutations in this gene result in a marked absence of 
small diameter sensory neurons [19]. Recently, a small 
number of families have been identified that present with 
insensitivity to pain without concomitant cell loss. Apart 
from an inability to experience pain and an impaired 
sense of smell, these individuals are ostensibly normal 
[20-22]. Mutations in the gene for the sodium channel 
Nav1.7 (SCN9A) were found to be responsible, supporting 
previous preclinical data from a transgenic knockout 
mouse that indicated this channel’s critical role in normal 
nociceptive processing [23,24]. Sequence abnormalities 
in SCN9A can also result in the opposite phenotype of 

increased pain, with affected family members suffering 
from erythromelalgia (characterized by severe burning 
pain in the extremities commonly triggered by heat, 
pressure, exertion or stress [25]) [26,27] or paroxysmal 
extreme pain [28], depending on the location of the 
mutation (Figure 1).

Despite few families suffering from these conditions, 
the genes identified by studying them have given rise to 
promising new therapies. Several Trk kinase inhibitors 
are being developed [29], also on the basis of extensive 
preclinical work showing that neurotrophins (which 
areTrkA ligands) can act as potent pain mediators [30]. 
However, perhaps the most promising target to derive 
from genetic studies is Nav1.7. Historically, the develop
ment of selective blockers for sodium channels has 
proven difficult because of the high structural homology 
between isoforms, many of which have important roles in 
the heart and central nervous system [31]. Improved 
drug design has led to the development of new com
pounds that seem to have greater selectivity [32-36], and 
currently there are at least three phase II clinical trials 
underway to test their efficacy against pain of diverse 
etiologies [37-39]. Recently, Xenon Pharmaceuticals pub
lished results from a pilot study conducted in a small 
number of erythromelalgia patients with confirmed 
SCN9A mutations [40]. After 2 days of treatment with an 
orally administered Nav1.7 antagonist, the researchers 
induced pain in patients by warming of the skin or 
exercise. Treatment increased the time to reach maximal 
pain and significantly reduced pain after induction. 
Although preliminary, these results indicate that this may 
be an effective treatment when Nav1.7 is implicated in the 
pain pathophysiology [39].

Contrary to data derived from familial pain syndromes, 
results from genetic association studies are more appli
cable to the general population and, in the case of 
GWASs, should be able to give rise to the discovery of 
completely new targets. Many putative ‘pain genes’ have 
indeed been genetically linked to various chronic pain 
conditions [17,18,41], but study results have proven 
difficult to replicate and consequently are yet to have real 
impact on treatment approaches. Of a wide range of 
candidates, three have received particular attention from 
researchers and can be used to illustrate the contradictory 
nature of the findings in the field: GCH1, which encodes 
GTP cyclohydrolase; COMT, an enzyme that eliminates 
catecholamines; and OPRM1, the μ-opioid receptor gene. 
A GCH1 haplotype has been associated with reduced 
pain ratings in healthy volunteers and patients suffering 
from persistent leg pain [42,43]. However, the same asso
ciation or indeed the same haplotype could not be 
identified in a larger cohort [44] or a different ethnic 
population of patients with HIV-associated neuropathy 
[45]. Similarly, conflicting evidence has emerged from the 

Box 1

There are three main biological mechanisms that contribute to 
persistent pain: peripheral sensitization of primary nociceptors 
within the dorsal root ganglion; central sensitization of spinal 
interneurons; and descending modulation of the pain signal 
from the brainstem and higher cortical centers [9]. At all levels 
of processing, significant cellular and molecular changes occur, 
such as large alterations in the transcriptional profile of these 
tissues [67].
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study of COMT. The first pain-associated single nucleo
tide polymorphism (SNP) was reported in 2003 [46] and 
has since been confirmed in various patient groups, 
healthy individuals [47,48] and animal models [49]. How
ever, the importance of the original SNP (Val158Met) has 
been disputed [50], and the link between the COMT 
variants and increased pain perception does not replicate 
across populations. Most recently, a large study of more 
than 7,000 individuals revealed no association between 
chronic body pain and COMT SNPs [51]. Instead, the 
authors [51] found a haplotype within the ADRB2 gene 
(encoding the beta-2 adrenergic receptor), which pre
dicted both pain severity and duration after controlling 
for confounding factors such as gender, social class and 
body mass index. Finally, significant linkage between pain 
and polymorphisms in the OPRM1 gene has been 
reported for more than a decade [52,53]. But, yet again, 
the connection failed to hold up in a larger dataset 
collated by meta-analysis [54].

There are many possible reasons for the lack of con
sensus in this area. Studies may not be examining cohorts 
that are uniform enough given the heterogeneity of 
chronic pain conditions: different biological mechanisms 
can give rise to similar symptoms and different symptoms 
can be caused by the same mechanism. Attempts to 
conduct more rigorous phenotyping and a move towards 
a mechanism-based classification of pain syndromes 
might help resolve this confounding factor [55]. Another 
issue that has also been observed in other fields is that 
genetic association data tend to be very population 
specific, partly because the tagging SNPs are often in 
different linkage disequilibrium blocks in different ethnic 
cohorts (for a review see [56]).

It also helps to remember that even ‘genome-wide’ 
association studies  - currently still a rarity in the pain 
field  - classically capture only common variants with a 
minor allelic frequency of ≥5%. Most variants identified 
have disappointingly small effect sizes, and thus explain 

Figure 1. How polymorphisms can confer risk to pain. Single nucleotide polymorphisms (SNPs) can confer increased risk to pain by causing 
missense mutations that alter protein function. One of the most dramatic examples of this phenomenon is SNPs in the voltage-gated sodium 
channel Nav1.7. In this case, a SNP causing a change from an isoleucine to threonine residue in the loop domain leads to loss of channel 
inactivation, which is responsible for inherited paroxysmal pain disorder [27]. (a) Structure of Nav1.7. Arrow indicates the mutation in the loop 
domain. (b) Human embryonic kidney (HEK) cells transfected with wild-type Nav1.7 show normal channel inactivation. (c) HEK cells transfected 
with mutant Nav1.7 are unable to inactivate. Adapted with permission from [27].

(a)

(b) (c)

(i) (ii) (iii) (iv)

I1461T

Pore

−100
–80

+110

−80

+110

2 ms

1 nA250 pA

2 ms

−100
–80

+110

−80

+110

Crow et al. Genome Medicine 2013, 5:12 
http://genomemedicine.com/content/5/2/12

Page 3 of 10



only a fraction of the genetic contribution to a particular 
trait or disease [57]. More success might be achieved 
looking at structural variation, such as changes in copy 
number [58], or indeed highly penetrant rare variants 
with a minor allelic frequency of 0.5% or less [59]. Two 
recent publications used exon sequencing in large 
cohorts (n  =  2,440, n  =  14,000) and both reported the 
overwhelming majority of variants in European and 
African populations (about 90%) to be rare [60,61]. 
Although a first attempt at correlating rare variants with 
pain sensitivity in a healthy twin cohort did not reveal a 
single strong candidate, the authors [13] did identify a 
cluster of 30 genes within the angiotensin II pathway that 
segregated with thermal pain perception [13].

A final shortcoming of human genetic studies in pain 
research is that they have not taken into account potential 
gene-gene or gene-environment interactions. In mice, 
gene-environment interactions have repeatedly been 
demonstrated for nociceptive measures [62-64] and are 
very likely to exist in humans. The twin studies men
tioned above [10-13] suggest that environmentally induced 
changes throughout an organism’s lifetime account for at 
least half of the variance in pain perception and preva
lence. Moreover, the environment can have a persistent 
impact, with childhood experiences affecting later pain 
outcomes [65,66]. Uncovering the mechanisms that allow 
such changes to occur is another avenue that might allow 
the discovery of new treatments. One possibility is that 
the environment exerts long-lasting influence on the 
genome through epigenetics; that is, stable or heritable 
changes in gene function that are not caused by changes 
in the DNA sequence itself. This is discussed in the 
following sections.

Pain epigenetics
The emerging field of epigenetics is an exciting new hope 
for pain research. Examples of epigenetic mechanisms 
include DNA methylation and post-translational histone 
modifications, both of which have consequences for gene 
expression and cell identity. Historically, research in this 
area has focused on dividing cells and mitotic heritability, 
but in recent years there has been much interest in 
studying epigenetic processes within the postmitotic 
environment of the nervous system.

Within the study of pain, it has become clear that 
widespread transcriptional dysregulation occurs through
out the pain neuraxis [67], a process that is thought to 
contribute to the hypersensitized state of the system. 
Whether these changes invoke epigenetic marks that 
allow their persistence is a question that is only beginning 
to be answered [68]. In the following sections, we discuss 
the early evidence for epigenetic modulation in pain, as 
well as the therapeutic potential of targeting relevant 
epigenetic mechanisms (summarized in Figure 2).

Histone acetylation
The repeating subunit of chromatin is the nucleosome, 
composed of 147 bp of DNA wrapped around a core 
histone octamer. Histones are small, basic proteins 
whose tails are capable of being post-translationally 
modified in many ways, including acetylation, methy
lation and phosphorylation, all of which are thought to 
alter chromatin dynamics and gene expression in 
various ways [69]. Within the pain field there has been a 
growing interest in histone acetylation in particular, 
probably as a result of the availability of pharmacological 
inhibitors against effector proteins (discussed below), 
which have shown efficacy in processes that contribute 
to pain, such as inflammation (recently reviewed by 
Shakespear et al. [70]) and long-term potentiation 
[71‑73]. Acetylation of histones occurs at lysine residues 
and is carried out by the histone acetyltransferase 
(HAT) enzyme family. This mark is thought to activate 
transcription directly through neutralization of the 
charged lysine, allowing DNA to be less tightly 
associated with the nucleosome, and also through 
recruitment of bromodomain proteins that can ‘read’ 
the mark and recruit transcriptional machinery. 
Acetylation is a dynamic process: deacetylation, asso
ciated with chromatin compaction and transcriptional 
repression, is carried out by the histone deacetylase 
family of enzymes (HDACs) [74].

Several compounds have been generated to block 
HDAC activity, which are generically called HDAC 
inhibitors. These drugs have varying degrees of specificity 
for the different classes of HDACs, although recent 
evidence suggests that the majority of them primarily 
function through targeting Class I HDACs [75,76], which 
may call for careful interpretation of study results claim
ing a role of a particular class of HDACs solely based on 
pharmacology. A further complication is that HDACs are 
not selective for histones and can also deacetylate targets 
in the cytoplasm, thereby exerting their effect through 
non-epigenetic mechanisms. As yet, it remains unclear 
whether it is more important to block particular HDACs 
than others in the treatment of pain. To explore this 
further, the development of isoform-specific HDACs or 
the use of transgenic animals will be required. In the past 
few years a limited number of isoform-specific HDAC 
inhibitors have been described (for example, compounds 
specific for HDAC3 [77] and HDAC6 [78]), but so far no 
Class IIa-specific inhibitors have been developed; these 
could be an interesting area for drug discovery, as Class 
IIa HDACs have a more restricted expression pattern 
than Class I HDACs, potentially reducing off-target 
effects. They also have been described to have important 
roles in learning and memory [79] and addiction [80,81], 
which share common neurobiological substrates and 
mechanisms with pain.
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Although there are many caveats to keep in mind when 
interpreting the literature, there is growing evidence to 
suggest that interfering with HDAC activity can attenuate 
pain-related behavior in several preclinical infl ammatory 
pain models [82-84]. As HDAC inhibitors have been 
shown to have anti-infl ammatory properties in other 
models [70] this is perhaps unsurprising. Th e fi rst group 
to show effi  cacy of HDAC inhibitors treatment in pain 
used repeated dosing with the HDAC inhibitors MS-275 
or SAHA before testing animals using a model in which a 
noxious substance, formalin, is injected into the paw, 
which results in a characteristic biphasic nociceptive 
behavioral response. Treatment with HDAC inhibitors 
reduced the nociceptive phenotype in the second phase 
of the test, which was associated with increased 
acetylation of the NF-κB subunit p65/RelA and increased 
expression of one of its target genes, mGlu2, in the spinal 
dorsal horn and dorsal root ganglia. Th e anti-nociceptive 
eff ect of MS-275 was blocked with an mGlu2/3 receptor 
antagonist [82]. Another group, Bai et al. [83], has shown 
that intrathecal pre-treatment of the HDAC inhibitors 
SAHA, TSA, LAQ824, VPA and 4-PB could be anti-
nociceptive in the acute stages of a diff erent infl ammatory 

pain model, injection of complete Freund’s adjuvant 
(CFA), although whether the eff ects are mediated at the 
chromatin level or by enhanced acetylation of non-
histone proteins is not clear [83].

More recently, Zhang et al. [84] determined that 
repeated injection of the HDAC inhibitor TSA into the 
nucleus raphe magnus (NRM) was able to attenuate CFA-
induced hypersensitivity (Figure 3). Th e eff ect was attri-
buted to the drug’s ability to increase acetylation at the 
hypoacetylated Gad2 promoter, enhancing GAD65 
expression and γ-aminobutyric acid (GABA) inhibition, 
and thus altering descending pain modulation [84]. 
Intriguingly, this group also demonstrated hypoacetyla-
tion of Gad2 in a model of neuropathic pain, indicating 
that this may be a common event in chronic pain states. 
It will be interesting to see whether HDAC inhibitor 
treatment in the NRM will be as eff ective in this and 
other models of chronic pain. A paper from Tran et al. 
[85] reports analgesic effi  cacy of intracerebroventricular 
administration of the same HDAC inhibitor, TSA, in a 
stress-induced visceral pain model. Whether this is 
mediated through the same GABAergic mechanism is 
not addressed, but this early evidence for the 

Figure 2. Evidence for epigenetic modulation in pain. Evidence has been obtained for such modulation at four diff erent levels, numbered here 
in order from peripheral to central. 1, Pain-associated hyperacetylation of MIP2 and CXCR5 in the nerve after partial sciatic nerve ligation (PSL) [86] 
(shown in yellow). 2, Decreased expression of MeCP2 target genes after CFA [91]; miRNA expression changes [104,106]; intrathecal HDAC inhibitor 
treatment reduces acute pain after CFA [83] (shown in green). 3, GAD2 hypoacetylation after CFA leads to loss of descending inhibition [84] (shown 
in pink). 4, Carrageenan-associated miRNA dysregulation in the prefrontal cortex [105] (shown in purple).
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therapeutic potential of HDAC inhibitors warrants 
further investigation.

In the neuropathic pain literature, there has only been 
one study that has looked directly at histone acetylation 
[86]. After experimentally induced peripheral nerve 
injury, hyperacetylation of histone H3 at lysine 9 (H3K9) 
was observed in the injured peripheral nerve. In this 
model, systemic administration of a HAT inhibitor was 
able to attenuate nociceptive behavior. Inhibition of p300, 
another HAT, has recently been reported to be analgesic 
in the chronic constriction injury model of neuropathic 
pain [87]. Further work to characterize the expression of 
chromatin modifying enzymes and their targets in pain-
relevant anatomical substrates would help to inform 
future studies.

DNA methylation
DNA methylation is an epigenetic mechanism that is 
primarily associated with transcriptional repression. In 
vertebrates the majority of DNA methylation occurs at 
CpG dinucleotide sites, commonly found in gene pro
moters. DNA methylation is catalyzed by the DNA 
methyltransferase family of enzymes, DNMTs. Within 
this family are two distinct types of DNMTs: maintenance 
and de novo DNMTs. The canonical maintenance DNMT 
is Dnmt1, which recognizes and catalyzes addition of 
methyl groups to hemimethylated CpGs, thus allowing 
maintenance of methylation status across multiple cell 
divisions. In contrast, de novo DNMTs such as Dnmt3 
can catalyze addition of methyl groups to areas regardless 
of current methylation state. These enzymes therefore are 

thought to confer a level of plasticity within this system, 
and indeed it has been shown that neurons can undergo 
rapid methylation changes in response to stimulation in 
vivo [88].

DNA methylation is thought to exert its repressive 
effects either directly by excluding DNA binding proteins 
from their target sites, such as in the case of binding of 
the transcriptional repressor CTCF at the H19 locus [89], 
or indirectly through the action of methyl mark readers, 
such as the methyl-CpG binding protein MeCP2 promot
ing recruitment of negative regulatory proteins [90].

Although regulation of DNA methylation has been 
found to be significant in other pathological states, so far 
only a few studies have addressed the potential role of 
DNA methylation in pain [91-96]. In the first of these, by 
Géranton et al. in 2007 [91], CFA was injected into the 
rat ankle joint and transcriptional changes within the 
spinal dorsal horn were assessed by microarray at various 
times after the injection. Analysis of the early trans
cription changes showed that several genes described as 
being targets of MeCP2 were highly upregulated, 
implying that loss of MeCP2 function is associated with 
early changes to central processing of pain. This group 
has extended their study of MeCP2 to other models, 
recently showing it to be downregulated in a rat 
neuropathic pain model, accompanied by concomitant 
changes to expression of HDAC1 and HDAC2, known 
effectors of MeCP2 action [92]. Further work to investi
gate causality - for example, by exogenously increasing 
MeCP2 expression in the dorsal horn - would provide 
strong evidence for this mechanism in the development 

Figure 3. How epigenetic mechanisms can influence pain processing. (a) Under normal conditions, histone tails are acetylated at the GAD2 
promoter in the nucleus raphe magnus (NRM). (b) After application of complete Freund’s adjuvant (CFA), Gad65 expression is suppressed through 
hypoacetylation of the GAD2 promoter, leading to loss of descending inhibition from the NRM [84]. GABA, γ-aminobutyric acid.
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of central sensitization, particularly as it has become 
clear since the first study [91] was published that 
neuronal MeCP2 binds globally across the mouse 
genome and does not have ‘targets’ as such [97].

Three studies have looked at promoter methylation in 
back pain [93,94] and cancer pain [95]. In these studies, 
pain was associated with methylation of target genes. In 
Viet et al. [95], inducing expression of the repressed gene 
attenuated pain behavior. Work from Wang et al. [96] 
also indicated that this strategy might be promising in a 
neuropathic pain model. After chronic constriction 
injury, this group [96] administered 5-azacytidine, a drug 
that works during cell division to block incorporation of 
methylated cytosine residues, and found that it could 
reduce nociceptive behavior. It will be of great interest to 
determine the cell types responsible for this effect.

The early preclinical data for chromatin-modifying 
drugs suggest that they may have some relevance for 
treating pain, particularly in the context of inflammation 
[82-84,86,96]. Many drugs have been developed against 
epigenetic mediators such as HDACs and HATs, and 
against epigenetic processes, such as maintenance of 
DNA methylation; a small minority of these compounds 
have been approved by the FDA for cancer therapy [98]. 
Although these compounds are available, their analgesic 
potential has not been systematically characterized in the 
clinic. Further work to determine which patient groups 
might benefit from this type of therapy is required.

MicroRNAs
Though not considered a classical epigenetic mechanism, 
the ability of microRNAs (miRNAs) to regulate gene 
expression has led some to consider these molecules as 
mediators of epigenetic change. As chronic pain is 
associated with aberrant gene expression [67], miRNAs 
may provide a unique therapeutic option whereby delivery 
of miRNAs may be used to return cells from a sensitized 
state to a baseline state through downregulation of pro-
algesic transcripts. However, delivery of these molecules 
would be a challenge (for review, see [99]).

MicroRNAs are endogenously expressed, small 19- to 
24-nucleotide RNA molecules that bind target mRNAs 
with imperfect complementarity, inhibiting translation 
and leading to downregulation of target proteins [100]. 
So far, various papers have been published that demon
strate the dysregulation of miRNAs in a number of 
preclinical pain models and tissues [101-106], indicating 
that this may be a fruitful area for further research, 
providing new targets for drug discovery. From these 
studies, 78  miRNAs have so far been reported to be 
transcriptionally altered in pain states, but only 
8 miRNAs have been replicated in more than one study, 
probably because of the diverse models, organisms and 
tissues profiled. Further work to validate the function of 

these miRNAs would strengthen these associations with 
the respective pain states.

Although the majority of work in this field has been 
descriptive and correlational, two recent studies have 
moved beyond profiling and into direct modulation of 
miRNAs to determine the influence of these molecules 
on pain states in vivo [107,108]. The first direct evidence 
demonstrating a role of miRNAs in pain signaling came 
from Zhao et al. in 2010 [107]. This group took a 
conditional knockout approach to delete Dicer, a critical 
enzyme for miRNA maturation, within the Nav1.8-posi
tive population of sensory neurons. Dicer conditional 
knockouts had largely normal baseline sensory pheno
types but had a marked insensitivity to inflammatory 
agents both behaviorally and electrophysiologically, 
demonstrating the necessity of Dicer and small RNAs for 
normal responses to nociceptive inflammatory stimuli.

More recently, Favereaux et al. [108] used bioinfor
matics to identify miR-103 as a potential regulator of the 
voltage-gated calcium channel Cav1.2, a channel that they 
had previously linked to chronic-pain-associated long-
term potentiation in the spinal dorsal horn [109]. 
Intrathecal administration of a construct that blocked 
miR-103 increased sensitivity to mechanical stimuli in 
naive rats. Conversely, in rats with a peripheral nerve 
injury, repeated intrathecal injection of miR-103 attenu
ated nociceptive behaviors. Although validation of their 
construct indicated that it was able to downregulate 
Cav1.2 and its subunits, Rattus norvegicus (rno)-miR-103 
has been predicted to target 1,675 different genes [110] 
and it is difficult to rule out the possibility that the effect 
of miR-103 administration may be due to its interaction 
with another target or set of targets, such as Vamp1, 
another gene that is commonly transcriptionally deregu
lated in neuropathic pain models [67]. Nevertheless, the 
behavioral effect is promising and serves as proof of 
concept that modulation of specific miRNAs may be an 
interesting new therapeutic strategy for chronic pain.

Conclusions and future directions
In the pain field, the contribution of genetic and epi
genetic mechanisms is increasingly being recognized. 
The study of heritable pain syndromes in humans has 
helped confirm preclinical evidence, identifying several 
genes critical for pain sensation. This includes the 
voltage-gated sodium channel Nav1.7, which is currently 
the subject of multiple independent investigations and 
may prove to be an important new therapeutic target. 
Genetic association studies have yielded data that are 
more contradictory regarding which genes might be 
involved in the generation of chronic pain conditions. 
Some of the confusion might be resolved through the use 
of more rigorously phenotyped and homogeneous popu
lations. New strategies, such as the identification of rare 
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variants, will give a broader perspective regarding the 
heritability of pain and may, in turn, give rise to novel 
targets for drug discovery.

The early preclinical evidence for epigenetic modifying 
drugs is tantalizing, indicating that they could be 
beneficial in treating pain of varying etiologies. However, 
a likely stumbling block to the use of these drugs clinically 
will be off-target effects resulting from the wide-ranging 
roles of epigenetic mediators throughout the body. Im
proved specificity will need to be achieved through the 
development of more selective compounds or tissue-
targeted drug delivery. Continued exploration of the 
analgesic activity of epigenetic drugs in preclinical studies 
is warranted. This should be accompanied by descriptive 
studies to characterize alterations to chromatin and DNA 
methylation states genome-wide, in specific cell types 
and pain models. This work will deepen our under
standing of pain processing and give insight into how 
chromatin-modifying drugs may exert their therapeutic 
benefit.
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