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Abstract
Recent research has demonstrated that chronic pain, resulting from peripheral nerve injury, leads to various symptoms, including
not only allodynia and hyperalgesia but also anxiety, depression, and cognitive impairment. These symptoms are believed to arise
due to alterations in gene expression and neural function, mediated by epigenetic changes in chromatin structure. Emerging
evidence suggests that acupuncture can modulate DNA methylation within the central nervous system, contributing to pain relief
and the mitigation of comorbidities. Specifically, acupuncture has been shown to adjust the DNA methylation of genes related to
mitochondrial dysfunction, oxidative phosphorylation, and inflammation pathways within cortical regions, such as the prefrontal
cortex, anterior cingulate cortex, and primary somatosensory cortex. In addition, it influences the DNA methylation of genes
associated with neurogenesis in hippocampal neurons. This evidence indicates that acupuncture, a treatment with fewer side
effects compared with conventional medications, could offer an effective strategy for pain management.
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1. Introduction

Chronic pain, enduring or recurring over a period exceeding 3 to
6 months, presents significant socioeconomic challenges, incurring
annual costs ranging $560 to $635 billion because of medical visits,
medications, and reduced productivity.33,41 Notably, neuropathic
pain, a subset of chronic pain experienced by up to 10% of
individuals,43 involves increased sensitivity to pain stimuli.53 This
condition is characterized by allodynia, where nonpainful stimuli
cause pain, and hyperalgesia, where the response to painful stimuli
is amplified.54 Beyond this physical discomfort, neuropathic pain is
associated with diminished quality of life, contributing to depression,
anxiety, and sleep disorders.3,4,8,13 Given these complex etiology
and symptoms, understanding the role of central nervous system
(CNS), including epigenetic mechanisms like DNA methylation,
histone modification, noncoding RNA, is crucial for developing
effective treatments.10,12,15,31,45

For more than 2 millennia, acupuncture has been a corner
stone in treating chronic conditions in East Asian Medicine,

including various types of pain, depression, and sleep disor-
der.30,56 Recent research, including studies by Wang et al.,
suggests the acupuncture’s potential to modulate epigenetic
mechanisms, such as hypertensive rats,50,51 indicating broader
therapeutic applications, like enhancing reproductive functions
and alleviating depression through epigenetic regulation in animal
models.9 The influence of acupuncture on DNA methylation,
particularly regarding neuropathic pain, has garnered increasing
interest, although the underlying mechanisms remain to be fully
elucidated.24,28,39 This review aims to consolidate existing
research on the relationship between DNA methylation and the
analgesic effects of acupuncture, underscoring the importance of
epigenetic processes in acupuncture’s therapeutic potential.

2. DNA methylation in neuropathic pain

Neuropathic pain is difficult to treat because the peripheral and
central mechanisms are complexly intertwined.43 The
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development and maintenance of neuropathic pain following
peripheral nerve injury is characterized by long-term structural
and physiological changes in various regions of the CNS, such as
prefrontal cortex (PFC), anterior cingulate cortex (ACC), primary
somatosensory cortex (S1), periaqueductal gray matter (PAG),
hippocampus, amygdala, and spinal cord.4,32,54 Recently, there
has been an increase in studies suggesting that DNAmethylation
is involved in multiple mechanisms induced by peripheral nerve
injury.10,15

DNA methylation, which partly silences gene expression
without affecting the primary DNA sequence, plays a significant
role in oncology, neurological diseases, pathological gene
expression states, and abnormal activity in the CNS. It is
associated with synaptic plasticity and memory formation, as
well as in neuropsychiatric disorders, such as depression.35,44,48

DNA methylation is the covalent addition of methyl residues to
cytosine-phosphoguanine (CpG) dinucleotides, enzymatically
catalyzed by methylated DNA methyltransferases (DNMTs),
forming 5-methylcytosine (5-mC) on CpG islands.7,19,34 CpG
islands are clusters of CpG dinucleotides found in the promoters
of many genes and are highly conserved in rodents and
humans.2,25 It has been reported that 6 months after peripheral
nerve injury, mice develop depression and anxiety, and global
DNAmethylation is reduced in the PFC.18,24,46 In addition, methyl
donor S-adenosylmethionine (SAM) attenuated spared nerve
injury (SNI)–induced mechanical hypersensitivity and reduced
active avoidance of mechanical stimuli.18 These results show that
normalization of DNA methylation changes induced by neuro-
pathic pain is important for analgesic effects.

DNMT families, including DNMT1, DNMT3a, andDNMT3b, are
responsible for the transferring a methyl group from the universal
methyl donor SAM to the carbon-5 position of cytosine residues
in the nucleic acid sequence and are essential for the de-
velopment.42 Zhao et al.58 suggest that DNMT3a may contribute
to the development of neuropathic pain by repressing Kcna2
expression in the dorsal root ganglion. In addition, 6 months after
partial sciatic nerve ligation (PSNL), the mRNA and protein
expression levels of DNMT3a were suppressed by increasing
DNA methylation in the Dnmt3a promoter in the PFC.24

DNA methylation is mediated by separate protein families,
namely, methyl-CpG-binding domain (MBD), ubiquitin-like, con-
taining PHD and ring finger domain (UHRF), and zinc finger
proteins.34 The methylation of CpG islands represses gene
expression by recruiting DNMT-mediated MBD proteins. Methyl-
CpG binding protein 2 (MeCP2) is a MBD family protein that
primarily functions as a transcriptional repressor. In preclinical
studies, MeCP2 mRNA expression levels were decreased in the
ipsilaterally superficial dorsal horn following SNI surgery.47

Furthermore, DNA methylation in the Mecp2 promoter was
increased in the PFC following PSNL, whereas MeCP2 mRNA
and protein expression levels were decreased.24

In neurons, there is a balance of DNA methylation and
demethylation. DNA demethylation refers to the removal or
modification of a methyl group at 5-mC during specific enzymatic

processes, occurring both actively and passively.36 5-
Hydroxymethyl cytosine (5-hmC) is an intermediate form of
DNA demethylation and is enriched within the promoters and
bodies of genes.26 The continuous reaction of ten-eleven
translocation (TET) enzymes initiates DNA demethylation, con-
verting 5-mC to 5-hmC.40 The TET family is divided into 3
proteins: TET1, TET2, and TET3. TET1 and TET3 primarily
regulate the level of 5-hmC in gene promoters and transcription
start sites, and TET2 mainly regulates the level of 5-hmC in the
gene body.1 It was reported that overexpression of TET1 through
microinjection into the dorsal root ganglion can alleviate
neuropathic pain by restoring the expression ofm-opioid receptor
(MOR) and Kv1.2, which were reduced by peripheral nerve
injury.55 In addition, TET2 and TET3 are associated with
neuropathic pain, and it was recently indicated that Tet3
demethylase plays a major role in active DNA demethylation for
axon regeneration and regional hypomethylation of genes linked
to nerve regeneration after peripheral nerve injury.6,52

Therefore, DNA methylation and demethylation play important
roles in the development and maintenance of neuropathic pain,
suggesting that DNMT3a, MeCP2, and TET family may be
important therapeutic targets.

3. DNA methylation on the analgesic effect
of acupuncture

Acupuncture has been established as a viable pain management
strategy, with a wealth of clinical and preclinical research
supporting its efficacy in pain relief.11,22 It operates, in part, by
desensitizing peripheral nociceptors and mitigating inflammation,
achieved through the upregulation of endogenous opioids.56

Beyond these effects, acupuncture prompts significant structural
and physiological modifications within the CNS, affecting regions
including the PFC, ACC, S1, PAG, hippocampus, amygdala, and
spinal cord.24,37,56,59 Acupuncture stimulation promotes the
release of adenosine and histamine from the skin and muscle
layers, thereby increasing the expression of phosphorylated ERK
and the transient receptor potential vanilloid 1, activating signal
transduction to the central nervous system.16,20,38,49 A recent
study reported that acupuncture applied to acupoints in the legs
transmits signals to the central nervous system by activating
prokineticin receptor 2 expressing neurons, thereby having an
antiinflammatory effect.29 However, although substantial, these
findings do not fully elucidate the complex analgesic mechanisms
underpinning acupuncture’s effects. Recently, with emerging
importance of DNA methylation changes in neuropathic pain,25

and new studies have begun to explore a novel perspective,
suggesting that acupuncture may exert its therapeutic effects not
only through neural and physiological pathways but also at the
genomic level, by modulating DNA methylation patterns (Tables
1 and 2).

Cortical regions play a crucial role in neuropathic pain, with
several areas, including the PFC, ACC, and S1, pivotal in the
modulation of nociception. This modulation occurs through the

Table 1

Acupuncture protocols and sham controls in neuropathic pain: a focus on DNA methylation.

Author (y) Acupuncture modality Acupoints Frequency (Hz) Current (mA) Time (min) Tx sessions Sham control procedures

Jang (2021) MA GB30, GB34 2 N/A 0.5 Thrice/wk for 6 mo Nonacupoints with the same MS

Li (2023) EA ST36, SP6 100 0.3 30 Once daily for 5 or 7 d Same insertion without ES

Ping (2023) EA GB34 2/100 0.1 15 Once daily for 7 d N/A

EA, electroacupuncture; ES, electrical stimulation; MA, manual acupuncture; mo, month; MS, manual stimulation; N/A, not applicable; Tx, treatment; wk, week.
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activation of the descending pain pathway by corticospinal
projections or activation of brainstem structures, such as PAG.14

In the S1 and ACC regions, electroacupuncture (EA) treatment
has been shown to partially restore the increased levels of 5-mC
in the contralateral S1 in a tibial nerve injury mouse model, while
simultaneously increasing the levels of 5-hmC in the contralateral
S1 and ipsilateral ACC.39 It is well understood that 5-mC
nucleotides mediate gene suppression, particularly at CpG
dinucleotides, whereas 5-hmC generally has the opposite
effect,10 facilitating gene expression. Furthermore, research
indicates that acupuncture can reduce the activity of the S1

cortex in rats with peripheral nerve injury, with varying responses
observed in the ipsilateral and contralateral S1 areas.5 Specifi-
cally, EA regulated inflammation-related pathways predominantly
in the contralateral S1, modulating interleukin-15 production and
signal transducer and activator of transcription 3 pathway in the
ipsilateral S1. In addition, EA influenced pathways related to
mitochondrial dysfunction, oxidative phosphorylation, GP6,
HOTAIR, and HIF1a in ACC.39

A recent study employing the clinically relevant PSNLmodel of
neuropathic pain investigated DNA methylation changes in the
PFC of mice. This study found that 6 months of acupuncture

Table 2

Effects of acupuncture on neuropathic pain: behavioral and DNA methylation outcomes.

Author
(y)

NP model Behavioral outcomes DNA methylation analysis

Pain Emotion Cognition DNA
methylation
vs NP

Brain
areas

Genes Function

Jang
(2021)

Partial sciatic
nerve ligation

Mechanical
hyperalgesia↓, cold
allodynia↓

Anxiety↓, depression↓ Short-term
memory↑

PFC↑
HIP↓
AMG↓
HT↓
PAG↑

PFC Mecp2, Dnmt3a, Nr4a1,
Rasgrp1, Rassf1, Chkb

Mitochondrial
dysfunction

Li
(2023)

Spared nerve
injury

Mechanical allodynia↓ Anxiety↓,
depression↓,
anhedonia↓

None DG↓ DG Tet1, Prox1 Hippocampal
neurogenesis

Ping
(2023)

Tibial nerve
injury

Mechanical allodynia↓ None None ACC (ipsi)↑
S1 (contra)↓

ACC,
S1

Gphn Mitochondrial
dysfunction

ACC, anterior cingulate cortex; AMG, amygdala; contra, contralateral; DG, dentate gyrus; HIP, hippocampus; HT, hypothalamus; ipsi, ipsilateral; NP, neuropathic pain; PAG, periaqueductal gray matter; PFC, prefrontal cortex;

S1, primary somatosensory cortex.

Figure 1. Summary of acupuncture’s effect on chronic pain through DNAmethylation. Peripheral nerve injury may cause changes in DNAmethylation in the brain
and, thus, may have a crucial role in chronic pain mechanisms. Acupuncture affects various brain areas by transmitting signals to the central nervous system
through peripheral nerve stimulation. Acupuncture improves not only pain but also comorbidity, such as anxiety, depression, and cognitive impairments and
induces changes in DNA methylation in ACC, S1, PFC, and HIP. Acupuncture modulates the expression of various genes by regulating the DNA methylation
process–related proteins, such as DNMT3a, MeCP2, and TET1. ACC, anterior cingulate cortex; DNMT3a, DNA methyltransferase 3a; HIP, hippocampus;
MeCP2, methyl-CpG-binding protein 2; PFC, prefrontal cortex; S1, primary somatosensory cortex; TET1, ten-eleven translocation 1.

9 (2024) e1200 www.painreportsonline.com 3

www.painreportsonline.com


treatment reduced mechanical hyperalgesia and cold allodynia
induced by PSNL and that global DNA methylation restored by
acupuncture in the PFC negatively correlated with mechanical
hyperalgesia. The reason why acupuncture was able to improve
global DNA methylation in the PFC was because it restored DNA
methylation in the promoters of Mecp2 and Dnmt3a, which are
involved in the DNA methylation process. Acupuncture also not
only increased the protein expressions of 5-mC, which had been
decreased in the PFC, but also upregulated mRNA and protein
expressions of MeCP2, DNMT1, and DNMT3a. In addition,
functional analysis revealed that acupuncture augmented DNA
methylation in the promoters of genes associated with mito-
chondrial dysfunction, namely, Nr4a1, Chkb, Rasgrp1, and
Rassf1, thereby suppressing mRNA expression.24

4. Effect of acupuncture on DNAmethylation in pain-
related comorbidity

The limbic system, comprising the amygdala, hippocampus, and
cingulate cortex, is closely connected with the PFC in both
structure and function. This network plays a crucial role in
cognition, emotion, motivation, attention, memory, and plan-
ning.27 Peripheral nerve injury can lead to pain-related comor-
bidities, such as depression, anxiety, and cognitive impairment by
disrupting the structural and functional neural networks of the
limbic system and PFC, highlighting the necessity of addressing
these comorbidities in neuropathic pain treatments.4,8

Preclinical studies have demonstrated acupuncture’s efficacy
in alleviating depression, anxiety, and cognitive impairment
associated with neuropathic pain.17,21,23,24,28,57 Acupuncture
enhanced hippocampal long-term action through synaptic
plasticity23 and inhibited neuroinflammation through recovery of
the dopamine system in the amygdala.57 Furthermore, acupunc-
ture has been shown to restore the alteration of DNA methylation
induced by PSNL in the amygdala, hippocampus, and PFC,24,28

suggesting its role in neural network regulation. DNA methylation
restored in the PFC by acupuncture was positively correlated with
antianxiety and cognitive enhancement.24

Li et al. reported that EA stimulation could rejuvenate adult
neurogenesis in the ventral dentate gyrus of mice with SNI. This
was achieved by promoting neuronal differentiation and normal-
izing the morphology of newborn dendrites. The study proposed
that the beneficial effects of EA on neurogenesis helpmaintain the
normal methylation status of the Prox1 promoter. This regulation
is mediated by TET1, a key enzyme that demethylates the Pro.x1
gene, a critical transcription factor in the differentiation of neural
stem cells.28

5. Conclusion

This review underscores the intricate relationship between DNA
methylation, neuropathic pain, and the modulatory effects of
acupuncture. As neuropathic pain presents complex treatment
challenges, understanding the role of epigenetic mechanisms like
DNA methylation in its pathophysiology is crucial. Acupuncture
has emerged as a significant modulator of these epigenetic
processes, offering new insights into pain management strate-
gies. The evidence points to acupuncture’s ability to alter DNA
methylation patterns within the central nervous system, suggest-
ing amolecular basis for its therapeutic effects on pain and related
comorbidities (Fig. 1).

Further research is necessary to elucidate the specific
epigenetic changes induced by acupuncture and to integrate
these findings into clinical practice effectively. Exploring

acupuncture’s potential in combination with conventional treat-
ments could lead to improved management strategies for
neuropathic pain, enhancing patient quality of life.

In sum, this review highlights the promising intersection of
acupuncture and epigenetics in neuropathic pain management,
advocating for a holistic approach that bridges traditional
medicine and contemporary scientific research.

Disclosures

The authors have no conflict of interest to declare.

Acknowledgments

This researchwassupportedbygrants from theNationalResearch
Foundation of Korea funded by the Korean government (grant
numbers: NRF-2020R1I1A1A01072607, 2021R1A2C2006818,
2022M3A9B6017813, and RS-2024-00409969).
Data sharing is not applicable to this study because no new

data were generated or analyzed in this review article.

Article history:
Received 7 April 2024
Received in revised form 8 July 2024
Accepted 13 July 2024
Available online 23 October 2024

References

[1] Antunes C, Sousa N, Pinto L, Marques CJ. TET enzymes in
neurophysiology and brain function. Neurosci Biobehav Rev 2019;102:
337–44.

[2] Bird A, Taggart M, Frommer M, Miller OJ, Macleod D. A fraction of the
mouse genome that is derived from islands of nonmethylated, CpG-rich
DNA. Cell 1985;40:91–9.

[3] Bravo L, Llorca-Torralba M, Suarez-Pereira I, Berrocoso E. Pain in
neuropsychiatry: insights from animal models. Neurosci Biobehav Rev
2020;115:96–115.

[4] Bushnell MC, Ceko M, Low LA. Cognitive and emotional control of pain
and its disruption in chronic pain. Nat Rev Neurosci 2013;14:502–11.

[5] Cha M, Chae Y, Bai SJ, Lee BH. Spatiotemporal changes of optical
signals in the somatosensory cortex of neuropathic rats after
electroacupuncture stimulation. BMC Complement Altern Med 2017;
17:33.

[6] ChenW,Wang X, Sun Q, Zhang Y, Liu J, Hu T, WuW,Wei C, Liu M, Ding
Y, Liu D, Chong Y, Wang P, Zhu H, Cui W, Zhang J, Li Q, Yang F. The
upregulation of NLRP3 inflammasome in dorsal root ganglion by ten-
eleven translocation methylcytosine dioxygenase 2 (TET2) contributed to
diabetic neuropathic pain in mice. J Neuroinflammation 2022;19:302.

[7] Cheng X, Roberts RJ. AdoMet-dependent methylation, DNA
methyltransferases and base flipping. Nucleic Acids Res 2001;29:
3784–95.

[8] Cohen SP, Mao J. Neuropathic pain: mechanisms and their clinical
implications. BMJ 2014;348:f7656.

[9] Cui P, Ma T, Tamadon A, Han S, Li B, Chen Z, An X, Shao LR, Wang Y,
Feng Y. Hypothalamic DNA methylation in rats with dihydrotestosterone-
induced polycystic ovary syndrome: effects of low-frequency electro-
acupuncture. Exp Physiol 2018;103:1618–32.

[10] Descalzi G, Ikegami D, Ushijima T, Nestler EJ, Zachariou V, Narita M.
Epigenetic mechanisms of chronic pain. Trends Neurosci 2015;38:
237–46.

[11] Dimitrova A, Murchison C, Oken B. Acupuncture for the treatment of
peripheral neuropathy: a systematic review and meta-analysis. J Altern
Complement Med 2017;23:164–79.

[12] Doan L, Manders T, Wang J. Neuroplasticity underlying the comorbidity
of pain and depression. Neural Plast 2015;2015:504691.

[13] Emery PC, Wilson KG, Kowal J. Major depressive disorder and sleep
disturbance in patients with chronic pain. Pain Res Manag 2014;19:
35–41.

[14] Gamal-Eltrabily M, Martinez-Lorenzana G, Gonzalez-Hernandez A,
Condes-Lara M. Cortical modulation of nociception. Neuroscience
2021;458:256–70.

4 J-H. Jang et al.·9 (2024) e1200 PAIN Reports®



[15] Ghosh K, Pan HL. Epigenetic mechanisms of neural plasticity in chronic
neuropathic pain. ACS Chem Neurosci 2022;13:432–41.

[16] Goldman N, Chen M, Fujita T, Xu Q, Peng W, Liu W, Jensen TK, Pei Y,
Wang F, Han X, Chen JF, Schnermann J, Takano T, Bekar L, Tieu K,
Nedergaard M. Adenosine A1 receptors mediate local anti-nociceptive
effects of acupuncture. Nat Neurosci 2010;13:883–8.

[17] GongD, Yu X, JiangM, Li C,Wang Z. Differential proteomic analysis of the
Hippocampus in rats with neuropathic pain to investigate the use of
electroacupuncture in relieving mechanical allodynia and cognitive
decline. Neural Plast 2021;2021:5597163.

[18] Gregoire S, Millecamps M, Naso L, Do Carmo S, Cuello AC, Szyf M,
Stone LS. Therapeutic benefits of the methyl donor
S-adenosylmethionine on nerve injury-induced mechanical
hypersensitivity and cognitive impairment in mice. PAIN 2017;158:
802–10.

[19] Holliday R. DNA methylation and epigenotypes. Biochemistry (Mosc)
2005;70:500–4.

[20] Huang M, Wang X, Xing B, Yang H, Sa Z, Zhang D, Yao W, Yin N, Xia Y,
Ding G. Critical roles of TRPV2 channels, histamine H1 and adenosine A1
receptors in the initiation of acupoint signals for acupuncture analgesia.
Sci Rep 2018;8:6523.

[21] Huang HY, Liao HY, Lin YW. Effects and mechanisms of
electroacupuncture on chronic inflammatory pain and depression
comorbidity in mice. Evid Based Complement Alternat Med 2020;2020:
4951591.

[22] Jang J-H, Park H-J. Effects of acupuncture on neuropathic pain:
mechanisms in animal models. Perspect Integr Med 2022;1:17–20.

[23] Jang JH, Kim YK, JungWM, Kim HK, Song EM, Kim HY, Oh JY, Park JY,
Ryu Y, Song MY, Park HJ. Acupuncture improves comorbid cognitive
impairments induced by neuropathic pain in mice. Front Neurosci 2019;
13:995.

[24] Jang JH, Song EM, Do YH, Ahn S, Oh JY, Hwang TY, Ryu Y, Jeon S,
Song MY, Park HJ. Acupuncture alleviates chronic pain and comorbid
conditions in amousemodel of neuropathic pain: the involvement of DNA
methylation in the prefrontal cortex. PAIN 2021;162:514–30.

[25] Jiang W, Tan XY, Li JM, Yu P, Dong M. DNA methylation: a target in
neuropathic pain. Front Med (Lausanne) 2022;9:879902.

[26] Kaas GA, Zhong C, Eason DE, Ross DL, Vachhani RV, Ming GL, King JR,
Song H, Sweatt JD. TET1 controls CNS 5-methylcytosine hydroxylation,
active DNA demethylation, gene transcription, and memory formation.
Neuron 2013;79:1086–93.

[27] Kalin NH. Prefrontal cortical and limbic circuit alterations in
psychopathology. Am J Psychiatry 2019;176:971–3.

[28] Li Y, Liu X, Fu Q, Fan W, Shao X, Fang J, Liu JG, Xu C.
Electroacupuncture ameliorates depression-like behaviors comorbid to
chronic neuropathic pain via Tet1-mediated restoration of adult
neurogenesis. Stem Cells 2023;41:384–99.

[29] Liu S, Wang Z, Su Y, Qi L, Yang W, Fu M, Jing X, Wang Y, Ma Q. A
neuroanatomical basis for electroacupuncture to drive the vagal-adrenal
axis. Nature 2021;598:641–5.

[30] Lu L, Zhang Y, Ge S, Wen H, Tang X, Zeng JC, Wang L, Zeng Z, Rada G,
Avila C, Vergara C, Chen R, Dong Y, Wei X, Luo W, Wang L, Guyatt G,
Tang CZ, Xu NG. Evidence mapping and overview of systematic reviews
of the effects of acupuncture therapies. BMJ Open 2022;12:e056803.

[31] Luo D, Li X, Tang S, Song F, Li W, Xie G, Liang J, Zhou J. Epigenetic
modifications in neuropathic pain. Mol Pain 2021;17:17448069211056767.

[32] McCarberg B, Peppin J. Pain pathways and nervous system plasticity:
learning and memory in pain. Pain Med 2019;20:2421–37.

[33] Merskey HBN, Bogduk N. Classification of chronic pain. IASP Task Force
on Taxonomy. 2nd ed. Seattle: IASP Press; 1994.

[34] Moore LD, Le T, Fan G. DNA methylation and its basic function.
Neuropsychopharmacology 2013;38:23–38.

[35] Nelson ED, Monteggia LM. Epigenetics in the mature mammalian brain:
effects on behavior and synaptic transmission. Neurobiol Learn Mem
2011;96:53–60.

[36] Ooi SK, Bestor TH. The colorful history of active DNA demethylation. Cell
2008;133:1145–8.

[37] Otti A, Noll-Hussong M. Acupuncture-induced pain relief and the human
brain’s default mode network - an extended view of central effects of
acupuncture analgesia. Forsch Komplementmed 2012;19:197–201.

[38] Park JY, Park JJ, Jeon S, Doo AR, Kim SN, Lee H, Chae Y, Maixner W,
Lee H, Park HJ. From peripheral to central: the role of ERK signaling
pathway in acupuncture analgesia. J Pain 2014;15:535–49.

[39] Ping X, Xie J, Yuan C, Jin X. Electroacupuncture induces bilateral S1 and
ACC epigenetic regulation of genes in a mouse model of neuropathic
pain. Biomedicines 2023;11:1030.

[40] Rasmussen KD, Helin K. Role of TET enzymes in DNA methylation,
development, and cancer. Genes Dev 2016;30:733–50.

[41] Relieving pain in America: a blueprint for transforming prevention, care,
education, and research. Mil Med 2016;181:397–9.

[42] Robertson KD. DNA methylation and human disease. Nat Rev Genet
2005;6:597–610.

[43] Scholz J, Finnerup NB, Attal N, Aziz Q, Baron R, Bennett MI, Benoliel R,
Cohen M, Cruccu G, Davis KD, Evers S, First M, Giamberardino MA,
Hansson P, Kaasa S, Korwisi B, Kosek E, Lavand’homme P, Nicholas M,
Nurmikko T, Perrot S, Raja SN, Rice ASC, Rowbotham MC, Schug S,
Simpson DM, Smith BH, Svensson P, Vlaeyen JWS, Wang SJ, Barke A,
Rief W, Treede RD, Classification Committee of the Neuropathic Pain
Special Interest Group NeuPSIG. The IASP classification of chronic pain
for ICD-11: chronic neuropathic pain. PAIN 2019;160:53–9.

[44] Sweatt JD. The emerging field of neuroepigenetics. Neuron 2013;80:
624–32.

[45] Swiergiel AH, Juszczak GR, Stankiewicz AM. Genetic and epigenetic
mechanisms linking pain and psychiatric disorders. Mod Trends
Pharmacopsychiatry 2015;30:120–37.

[46] TajerianM, Alvarado S,MillecampsM, Vachon P, CrosbyC, Bushnell MC,
Szyf M, Stone LS. Peripheral nerve injury is associated with chronic,
reversible changes in global DNA methylation in the mouse prefrontal
cortex. PLoS One 2013;8:e55259.

[47] Tochiki KK, Cunningham J, Hunt SP, Geranton SM. The expression of
spinal methyl-CpG-binding protein 2, DNA methyltransferases and
histone deacetylases is modulated in persistent pain states. Mol Pain
2012;8:14.

[48] Vialou V, Feng J, Robison AJ, Nestler EJ. Epigenetic mechanisms of
depression and antidepressant action. Annu Rev Pharmacol Toxicol
2013;53:59–87.

[49] Wang SJ, Yang HY, Xu GS. Acupuncture alleviates colorectal
hypersensitivity and correlates with the regulatory mechanism of TrpV1
and p-ERK. Evid Based Complement Alternat Med 2012;2012:483123.

[50] Wang JY, Li H, Ma CM, Wang JL, Lai XS, Zhou SF. Acupuncture may
exert its therapeutic effect through microRNA-339/Sirt2/NFkB/FOXO1
axis. Biomed Res Int 2015;2015:249013.

[51] Wang JY, Li H, Ma CM, Wang JL, Lai XS, Zhou SF. MicroRNA profiling
response to acupuncture therapy in spontaneously hypertensive rats.
Evid Based Complement Alternat Med 2015;2015:204367.

[52] Weng YL, An R, Cassin J, Joseph J, Mi R, Wang C, Zhong C, Jin SG,
Pfeifer GP, Bellacosa A, Dong X, Hoke A, He Z, Song H, Ming GL. An
intrinsic epigenetic barrier for functional axon regeneration. Neuron 2017;
94:337–46.e6.

[53] Woolf CJ, Mannion RJ. Neuropathic pain: aetiology, symptoms,
mechanisms, and management. Lancet 1999;353:1959–64.

[54] Woolf CJ, Salter MW. Neuronal plasticity: increasing the gain in pain.
Science 2000;288:1765–9.

[55] Wu Q, Wei G, Ji F, Jia S, Wu S, Guo X, He L, Pan Z, Miao X, Mao Q, Yang
Y, Cao M, Tao YX. TET1 overexpression mitigates neuropathic pain
through rescuing the expression of mu-opioid receptor and Kv1.2 in the
primary sensory neurons. Neurotherapeutics 2019;16:491–504.

[56] Zhang R, Lao L, Ren K, Berman BM. Mechanisms of acupuncture-
electroacupuncture on persistent pain. Anesthesiology 2014;120:
482–503.

[57] Zhang XH, Feng CC, Pei LJ, Zhang YN, Chen L, Wei XQ, Zhou J, Yong Y,
Wang K. Electroacupuncture attenuates neuropathic pain and comorbid
negative behavior: the involvement of the dopamine system in the
amygdala. Front Neurosci 2021;15:657507.

[58] Zhao JY, Liang L, Gu X, Li Z, Wu S, Sun L, Atianjoh FE, Feng J, Mo K, Jia
S, Lutz BM, Bekker A, Nestler EJ, Tao YX. DNA methyltransferase
DNMT3a contributes to neuropathic pain by repressing Kcna2 in primary
afferent neurons. Nat Commun 2017;8:14712.

[59] Zhao ZQ. Neural mechanism underlying acupuncture analgesia. Prog
Neurobiol 2008;85:355–75.

9 (2024) e1200 www.painreportsonline.com 5

www.painreportsonline.com

