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[Abstract] DNA methylation is the first epigenetic modification found in humans. Abnormal changes in DNA
methylation are closely associated with the development and progression of diseases. Acupuncture, an important
component of traditional Chinese medicine, has been shown to have significant therapeutic efficacy. The mechanisms
underlying acupuncture are complex, involving physiological and pathological processes of integrated interactions across
multiple targets. However, current research mostly focuses on a single target, highlighting the need for a more upstream
approach to the investigation of the mechanisms. Herein, we reviewed studies on the direct or indirect regulation of DNA
methylation via acupuncture. We also discussed its mechanisms of action in pain, obesity, depression, and Alzheimer
disease, in order to provide a new perspective on the therapeutic mechanisms of acupuncture and the role of DNA
methylation in the field of acupuncture research. Future research should concentrate on the effect of acupuncture on the
DNA methylation of specific genes, the quantification of changes in DNA methylation at different acupoints, the
development of individualized acupuncture prescriptions, further investigation of the specificity of the effects at different
acupoint, and the expansion of the research to integrate epigenetics and genomics. This will provide a theoretical basis for
the internationalization and the promotion of clinical application of acupuncture.
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FAL KIS R AAEIR BT |, el B #34, DNAH
Bl 32 B R A TR L W E - 55 EE RS (cytosine-phosphate-
guanine, CpG) X% H M MEIE |, YEDNA HI HE 5% 75 il
(DNA methyltransferases, DNMTs) B#5 B T, K FH 3 A S-
IR F B &R (S-adenosylmethionine, SAM ) ¥4 % %] jifd iz
WEFR LSS Tk b, TP 5- FH BE M IE (5-methylcytosine,
5mC)"Y,
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Table 1 The functions of DNA methylation transferases

Name Function
DNMT1 Maintains DNA methylation[ﬁl, and is intracellularly inhibited from initiating de novo methylation activity.
DNMT2 Exhibits tRNA methyltransferase activity, methylating cytosine at position 38 of aspartic acid tRNA; it has been renamed

TRDMT!1".

DNMT3A and DNMT3B Are primarily involved in de novo methylation, and also play a supportive role in maintaining methylationm.

Is expressed during spermatogenesis; primarily functions to suppress the activation of late-evolving retrotransposons through

DNMT3C

methylation, preventing their activation during sperm development".
DNMT3L Combines with DNMT3A to enhance their catalytic activity"".
UHRF1

Recruits DNMT1 to hemi-methylated CpG sites during DNA replication'®, ensuring correct localization of DNMT1 on chromatin.

DNMT1: DNA methyltransferase 1; DNMT2: DNA methyltransferase 2; DNMT3A: DNA methyltransferase 3A; DNMT3B: DNA methyltransferase 3B;
DNMT3C: DNA methyltransferase 3C; DNMT3L: DNA methyltransferase 3-like; UHRFI: ubiquitin-like with PHD and RING finger domains 1; TRDMT1:

tRNA aspartic acid methyltransferase 1.
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S5 B AR AR H JEARR S, TET Pho- % R (a-
ketoglutaric acid, a-KG) M AE K, LLFe(11) KA+
A5 mC, A l5- 52 F B E (5-hydroxymethyleytosine,
5hmC), F ek 5- F BEMIPEIE (5-formyleytosine, 5-fc)

158 FE H W E (5-carboxyleytosine, 5caC) T Y. 7
DNAWIE BT AE YR , e i 5 A A (thymine
DNA glycosylase, TDG) % DNAMEE & I 4R K 351EH,
W 2 G R A S iR AR L 2B
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WU R PR 3 S KO, 5 B e AR L R v 2R R A
B Ak . BIUIDNMT 1 (i Kena2J€ K (DN A B 4k K
- T, SRR D DR R R AR P 28 A 4R T 2%
Pk, Z 5B AR . TR IR 2 5 2,
miR-199-3pii if MECP2 i 37 4 AE 2 FIHE "™, 7]
U, DNMTsFIMECP245 FH S48 55 25 1 1T LAY DNA
B HE MR T e R 1Y 3R38, 52 ph 28T e A P A
IR

BERYT 202 TR By AT T B AR
SEEFRINGYT AR IR A RCE . R LTS 32
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257 38 B, LS 2 AR S B R A 40k
J57, He AR SC AR 1 1Y 2R BURE R AT B R 4, A S
Bk I DNA T EAL 2 5 X S pih 28 328 RIS P i

TR BRI ZE 53 5348 FH A DN A FH R Ak 41 1 551 5-
AZAJRYT CCIBBY R B, A R0dcE 1 R B ECIR S,
fERfiy-22 5L T 2 (y-aminobutyric acid, GABA) /K- P-4
151, PR LT Rl A IR DN A FF Bk, $2 5 S A
GABAREFNZTTif t, IR BV BUR EH] . JANGEE i
HLET 1A YT CCIBLARL & BRDN A F 34k /K -5 950 B H AL
TPNEYIMSE . £ 035, T MECP2HIDNMTsAH i DNA
ALK 224k, S AR Rk, Bl 42 ik X A DN A
FAR K5 &1 A BER# (K Nr4al ., ChkbAIRasil DN A
SIS P R e TR VI Ni=0 s K= S A IR G L NTIE 3 ey
PRSI S ILG R A1 FPEIRAZ ARG 4 Bl . X4k
RIE S T ETRIE T AR 22 2R 48 DNA ALY
B, X pf PR ST AOIE B TEIRY TR . 18 A
WFFE LI, EH IR DNA FF AL 5 e ELAT o DX R Sk, 9%
oA TE T T K )22 A AR IR e 23 rh B PR A i 22 5
DNA WAL EA G, IF H B A B0 /R H Pl e 584
DNAH B A7

RS R, ST ESE A 1A S R R A DNA
H AR 2 18 MR o SR, axX — SRl i i 5% o 4 T
VI B, EEAE T TIEALAFSE, HLIFSY DNAH 546
VRN E, BD HERIFAHN DNAF B 1221k, Kk
T EER AT ET HIXT DN A EAL W 25 () PR B, 7
e AR 2 T e T 78, At v 7 i i i g FH o
2.2 DNAREAL 5 EtHIREAE

JE R B LT R RE QN2 RIS DR | 1o ML 55 B A A
AR, B = A ROA YT I I, FEHLEAG T R AT E A .
WF5¢ BRI 5 DNAH AL SRR R, IERE 2 22
DNA Ak 575 5022 171 52 0 BE PR 3R, 7R H 22 it
N, KB5S U5 8 BOR I LA DG 9 Cp G A i, 2

DNA A S AEREARSE, RERE & A WL AR S 3L PR A7
FIDNAF A A R4, s 28 5L A 37 X Ay Y e
PRI GG, ™ 2 T DNA I SEAL AR AR e v i B, &
FIEE Tk 5 M e PR 114 2 5 A A 4 AR ot A B e T

DNA AL 34048 T S e T 4 i s 2 20T P9 SRR
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il 12 2 7 DU S SO, BT LI 97 AE B 1) O B AR T R 4
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BEARIRT AR T Fe i DG KL R 3l F DN A H S L
JE, 51 R AH DG AL, SCEUAR T s . AR AT LAE i
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LA VB ZEHIL Y
2.3 DNAREN 55 RIHINER

PRI S —FRRAAE o 17 25 B OB ARTE | D4R Bk
RS R, TR L, IR RS TR R, BB A
A, HRZ B AE TR IARE 19 Ak L 5 st



22 PR A=A (B 2D

% 5645

R FIEREE R R ARG, DNA AL 5 BREE 1 07 AH G ARG #f
BT AT DGR, HAEARAE rh O HE A (0, RIS A 2R
SR T 2 W BRI Cp Gz i R Ad R 81,
L 7K DN A AR T BE 23 5 A AARIE H /AT 0™,
AN, Bl 772 K- (brain-derived neurotrophic factor,
BDNF) & — it 5 AR AH DG 14 #il 2278 72 K -, TEIMARAE 26
LI T BDNFYVE B T [, BDNFJE 8+ 1 FUDNAHT AL
FEBEIN R 2 5 HARAE A B A JHE, XA 2 W AR AE 44
BETETEA YR EY) . FrLL, DNA W EALTEIIARIE 1Y A&
S ML b 473 A A 6, JUHXN T BDNFIY %, 7E40
ABAE 9 SIZ T | 3 e Rz A Y0 45y T A E A T
T AE S b = AR, B BRI AR A6 3
AIAERE AL S MR RS R B S AR %, T H. 5 32 i 2
I S5 Z R RS R BUFE . ARSE TP DN A H AL A
2 BEDR R T HAL S b 52 30 245 e ) 55 PR B8 R 5
S BEA RS AR G . BUREE i
AP N 250 DN A HU AL AL AL S 5 5 RNRY 79
S B 07 i PRI © 2 e DRI BT AR AR R
Uf, T LA A SRAMARAE AR, 10T FLR S P AR 25 W07 ik
AT A4 S 5 1], RBTHCMAR 25 i EIAE R, BRTE
2R IZ D7 R RIBTIAR AL, (HHOC T DNAH AL
HIBLHIATSAS G, o 2 S 2D Mo
PETITPIERRESE ™I 25 60 | AAR AR K F 3t
(ELRAR i PR 2 B ) 1 R R B A PSSR R, A RIG 7 fif
HMBI> 3 23, I35 T DNAHUEL AR AL, $e7R
FIBCEEARIE IR S DNAH EAL A C . JIANGEE G
T8 AN ] T UL A R AL (chronic unpredictable mild
stress, CUMS) BAUHIAR AR B, & B L& AT DL 4 i I
KB D 4 53 O BRI S0 sl BT [, I fit
15 | I35 1 AYBDNF LA K i Tt BDNF mRNA 7K ¥4
N, FEEAE AR S RBTIMARYE ] SDNAH LA 5C .
25 I, ZEEHRIP TR DNA B SAE AL 5T, I IR
WA AR, AW ] Lt — 248 5 DNAH
FEA IR R W D BERITSY 2 T, A BTt B
DNA ARG A 1) 20 PR T T H X BDNF 5 R 42, R
RINARZEY i, TRAFZ A HC AL AR DG 1 00 P42 I £ AL
A4 T 75 B0 38 o 3 O35 % 2 AR AR X VAR AE P T TRV
IR
2.4 DNAREN SRIETT M /RX G
FAT /R 2 18 K95 (Alzheimer disease, AD) J&—Ff 5 WL F
LA NPT 2B TR, ISR, 1 FH
REAFSEAEIR, ADI A HL 52 2%, HARE = 2 tautk
1Y 5 B R AL 5 3P 2 T 4 4E 8 45 (neurofibrilary

tangles, NFTs) JE URIEAE BRI . 328 2 F3AD &K
B SCBRE IR I 2R, O HLA5 S W LR A I8 M e ) 2 4
P2 A DNA H AL KRR A BT RIS DA SC . TETS
T ShmCIE M 2 5 AD AR IR, Shm CAE M 2
5 R AN 2T RERI G, S EHLANE S X R TET2/9 4%
KRR, FEREABTLAR | MR AT NE L) K2y i
AT REAIR, 3278 2520 T TET24 519 5Shm CAE i fin i)
ADJFBI™, BN Z, 38R R A S DNA B U1
5K, ADVERBAFNA, LA K J 5 DN A SLAAT S U
KA.

ADTE PR JE R, BRI — R L Gy ik,
RERSARGRTTAD, AR E NS E T ARG T ADAYJE
il Al PRAJE S ARUESE 1 BT RITGRTT 997280, DEIE BRI 5
W, BRI G Th 257RY7 AD B — 2 197 R & 4
PE ADBY AR LT B 2%, 2 2 i A B B PR A
SR EE R, SHRGTT ADRIBLHIATS A BT .

YUt TR AT AU 3657 ADRCRY B, A2
HAWARTE 45 L e 23 18] 2 2 CAC DI RE R ok, PEREh 4275
%X GSK3BFEA JF 2 [X CpG &y F AL K F- 1 L9, AT
P GSK3BEER 1% 1, D/ BEM: tau B IR R AL FIABHY
U, I8 DA RE AT, S0 40 I NFTs i) 42 i A At i
FCA MR BR, WUARAD K BUAART . JIANGRE L
FHIRYT ADKERY/IN RUS 25 b /)N i 200 0 = 1 ik
K 5% AK2 (triggering receptor expressed on myeloid cells 2,
TREM2)fE F143E, FH5mCAKF, %D 5hmCK
F, BB HETIRTT AR T /NE 54 i T TREM 2 A9 56 (4]
P RE ALK, B T 25 45 0 v 1 A 14 o 22 BR3P VR T, a2
ADEH IR RAE, I, i EHRYT ADRALT 2 — AT g
JE 18 1 I 1 BE DY A DN A F LA ke I 55 /0I5 Tt 40 e ¢ T
TREM2AYRIK, SEIfih A/ INBE A i A A% A 2 PP A

EHR A DNAH A ITAD NABE H UL .
NFETsIE A KM 22 RATE A~ BEHEAT T HLRIE ST, 98
1M, ADJ BEHL T 5525 52 2 A FLI 3, LA B FSE R EE T
PAANTE I BCE G B, B ATDNA W b 4 Ry e
PRVF, AR T LA3E 3 DNA FF A /K SPAG I H AR PR R 3]
Al DN A AL IR TT AD, JFiE— 7 I PR 3k
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i 3 Z B ALENE T BN, B ] DN A B 34k 7
i 2 IEDNAH EAL S8 | 3 i A DNA F AR 52 81
B P - N - S I 245 LA R SRR S B35
AT DNAF SEAL I P45 . AACHIFFE T B AL T4 xR
S S IDNA F LA A 520, DA 7R AR FALI

RO AFIREAIE S T 2 OO, HLA R S, R T
o ) ELAAE R AN ), JOAR B I DNA FH B 42
AR S, 2R R T RESE o 40 1) M 1) B DN A R
Seqb, SR L PR A ) R ik, DT BE S 45 S5 M M TR 7 R
i o R, AREAFSE AT DN A F AR A8 1b ) 1 B TR A
WFFE 4O s Sk, TR INE R JH 4 L N ZH DN A T 34k
[&]3i% . ChIP-seqFIRNA-seq5 5 2 7E HE K F2 k7K - J7 THT o
AEHFEA ) 7L DNA F A AR A0 LA il 7 A Ak i 4 )
EIFAN T . TR, PR EEDNA AL H AR AR R LA 2
T R T ZRIBYT HOAE FH AL, AR B 5T AT LUK DNA F 5
A R BB RN L 24 2 10, 5 R H A 2558 iR
WLEEDR 2H 27, T4 BRI K b i EAT IIFTERE BE BE 8 48
ANEFRINATT P B VE AL, I R AR B A A FIBLRI Y
WFFEARME T2 B B . OB AR T 2 5T R Fe 504
FITETT PR HIDNA F BEAEAIL S 2 3 st (L], S
e EIPR B RS B 5L

* * *

EETERER SRS RIS RRIRSE 1E, WO LRI 55t
AN, B3 f/MEFIRBOLR ST B IR S A S RS, T
AEH O 2 A B SCR RS A T, B 2R R M SRR A T e A5
T, I [ BEX AR BT Oy T 515

Author Contribution GAO Sujin is responsible for conceptualization and
writing--original draft. PAN Xinru and LIU Baitong are responsible for
investigation. LUO Ling, XIONG Xiaoyi, and YU Shuguang are responsible
for supervision and writing--review and editing. All authors consented to
the submission of the article to the Journal. All authors approved the final
version to be published and agreed to take responsibility for all aspects of
the work.

FIZEMR AR LS IR £ vh 5

Declaration of Conflicting Interests All authors declare no competing

interests.

£ % x W

[1] MATTEI A L, BAILLY N, MEISSNER A. DNA methylation: a historical
perspective. Trends Genet, 2022, 38(7): 676-707. doi: 10.1016/j.tig.2022.03.010.

[2] VODOVOTZ Y, BARNARD N, HU F B et al. Prioritized research for the

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

prevention, treatment, and reversal of chronic disease: reccommendations
from the lifestyle medicine research summit. Front Med (Lausanne), 2020,
7: 585744. doi: 10.3389/fmed.2020.585744.

SCHULZ M, TEISSANDIER A, De La MATA SE, et al. DNA methylation
restricts coordinated germline and neural fates in embryonic stem cell
differentiation. Nat Struct Mol Biol, 2024, 31(1): 102-114. doi: 10.1038/
541594-023-01162-w.

PETRYK N, BULTMANN S, BARTKE T, et al. Staying true to yourself:
mechanisms of DNA methylation maintenance in mammals. Nucleic
Acids Res, 2021, 49(6): 3020-3032. doi: 10.1093/nar/gkaal154.
CHIAPPINELLI K B, STRISSEL P L, DESRICHARD A, et al. Inhibiting
DNA methylation causes an interferon response in cancer via dsRNA
including endogenous retroviruses. Cell, 2016, 164(5): 1073. doi: 10.1016/
j.cell.2015.10.020.

LIU G, HUANG K, LIU §, et al. RAD51 plays critical roles in DNMT1-
mediated maintenance methylation of genomic DNA by dually regulating
the ubiquitin ligase UHRFI. Proc Natl Acad Sci U S A, 2024, 121(50):
€1884848175. doi: 10.1073/pnas.2410119121.

LI H, LIU H, ZHU D, et al. Biological function molecular pathways and
druggability of DNMT2/TRDMT1. Pharmacol Res, 2024, 205: 107222.
doi: 10.1016/j.phrs.2024.107222.

TOTH D M, SZERI F, ASHABER M, et al. Tissue-specific roles of de novo
DNA methyltransferases. Epigenetics Chromatin, 2025, 18(1): 5. doi: 10.
1186/513072-024-00566-2.

KHUDAVERDYAN N, LU J, CHEN X, et al. The structure of DNA
methyltransferase DNMT3C reveals an activity-tuning mechanism for
DNA methylation. ] Biol Chem, 2024, 300(9): 107633. doi: 10.1016/j.jbc.
2024.107633.

WAPENAAR H, CLIFFORD G, ROLLS W, et al. The N-terminal region
of DNMT3A engages the nucleosome surface to aid chromatin
recruitment. EMBO Rep, 2024, 25(12): 5743-5779. doi: 10.1038/s44319-
024-00306-3.

BALLESTAR E, WOLFFE A P. Methyl-CpG-binding proteins. Targeting
specific gene repression. Eur J Biochem, 2001, 268(1): 1-6. doi: 10.1046/j.
1432-1327.2001.01869.x.

MULHOLLAND C B, NISHIYAMA A, RYAN J, et al. Recent evolution of
a TET-controlled and DPPA3/STELLA-driven pathway of passive DNA
demethylation in mammals. Nat Commun, 2020, 11(1): 5972. doi: 10.
1038/541467-020-19603-1.

ZHANG Y, LI ], TAN L, et al. Understanding the role of ten-eleven
translocation family proteins in kidney diseases. Biochem Soc Trans,
2024, 52(5): 2203-2214. doi: 10.1042/BST20240291.

SCHWARZ S D, XU J, GUNASEKERA K, et al. Covalent PARylation of
DNA base excision repair proteins regulates DNA demethylation. Nat
Commun, 2024, 15(1): 184. doi: 10.1038/s41467-023-44209-8.

F— I, LT, FRAEAE, AF. BT RV L2 xR RGTIMARHL ] 1 R
I AR 22T), 2020, 38(12): 149-153. doi: 10.13193/jissn.1673-7717.2020.12.040.
JIANG Y L, YIN Z H, ZHENG Q H, et al. Reflections on the mechanism
of acupuncture in anti-depression based on epigenetics. Chin Arch Tradit

Chin Med, 2020, 38(12): 149-153. doi: 10.13193/j.issn.1673-7717.2020.12.040.


https://doi.org/10.1016/j.tig.2022.03.010
https://doi.org/10.1016/j.tig.2022.03.010
https://doi.org/10.3389/fmed.2020.585744
https://doi.org/10.3389/fmed.2020.585744
https://doi.org/10.1038/s41594-023-01162-w
https://doi.org/10.1038/s41594-023-01162-w
https://doi.org/10.1038/s41594-023-01162-w
https://doi.org/10.1038/s41594-023-01162-w
https://doi.org/10.1038/s41594-023-01162-w
https://doi.org/10.1038/s41594-023-01162-w
https://doi.org/10.1038/s41594-023-01162-w
https://doi.org/10.1038/s41594-023-01162-w
https://doi.org/10.1038/s41594-023-01162-w
https://doi.org/10.1093/nar/gkaa1154
https://doi.org/10.1093/nar/gkaa1154
https://doi.org/10.1093/nar/gkaa1154
https://doi.org/10.1016/j.cell.2015.10.020
https://doi.org/10.1016/j.cell.2015.10.020
https://doi.org/10.1016/j.cell.2015.10.020
https://doi.org/10.1073/pnas.2410119121
https://doi.org/10.1073/pnas.2410119121
https://doi.org/10.1016/j.phrs.2024.107222
https://doi.org/10.1016/j.phrs.2024.107222
https://doi.org/10.1186/s13072-024-00566-2
https://doi.org/10.1186/s13072-024-00566-2
https://doi.org/10.1186/s13072-024-00566-2
https://doi.org/10.1186/s13072-024-00566-2
https://doi.org/10.1186/s13072-024-00566-2
https://doi.org/10.1186/s13072-024-00566-2
https://doi.org/10.1186/s13072-024-00566-2
https://doi.org/10.1186/s13072-024-00566-2
https://doi.org/10.1186/s13072-024-00566-2
https://doi.org/10.1016/j.jbc.2024.107633
https://doi.org/10.1016/j.jbc.2024.107633
https://doi.org/10.1016/j.jbc.2024.107633
https://doi.org/10.1038/s44319-024-00306-3
https://doi.org/10.1038/s44319-024-00306-3
https://doi.org/10.1038/s44319-024-00306-3
https://doi.org/10.1038/s44319-024-00306-3
https://doi.org/10.1038/s44319-024-00306-3
https://doi.org/10.1038/s44319-024-00306-3
https://doi.org/10.1038/s44319-024-00306-3
https://doi.org/10.1038/s44319-024-00306-3
https://doi.org/10.1046/j.1432-1327.2001.01869.x
https://doi.org/10.1046/j.1432-1327.2001.01869.x
https://doi.org/10.1046/j.1432-1327.2001.01869.x
https://doi.org/10.1046/j.1432-1327.2001.01869.x
https://doi.org/10.1046/j.1432-1327.2001.01869.x
https://doi.org/10.1038/s41467-020-19603-1
https://doi.org/10.1038/s41467-020-19603-1
https://doi.org/10.1038/s41467-020-19603-1
https://doi.org/10.1038/s41467-020-19603-1
https://doi.org/10.1038/s41467-020-19603-1
https://doi.org/10.1038/s41467-020-19603-1
https://doi.org/10.1038/s41467-020-19603-1
https://doi.org/10.1038/s41467-020-19603-1
https://doi.org/10.1038/s41467-020-19603-1
https://doi.org/10.1042/BST20240291
https://doi.org/10.1042/BST20240291
https://doi.org/10.1038/s41467-023-44209-8
https://doi.org/10.1038/s41467-023-44209-8
https://doi.org/10.1038/s41467-023-44209-8
https://doi.org/10.1038/s41467-023-44209-8
https://doi.org/10.1038/s41467-023-44209-8
https://doi.org/10.1038/s41467-023-44209-8
https://doi.org/10.1038/s41467-023-44209-8
https://doi.org/10.1038/s41467-023-44209-8
https://doi.org/10.1038/s41467-023-44209-8
https://doi.org/10.13193/j.issn.1673-7717.2020.12.040
https://doi.org/10.13193/j.issn.1673-7717.2020.12.040
https://doi.org/10.13193/j.issn.1673-7717.2020.12.040
https://doi.org/10.13193/j.issn.1673-7717.2020.12.040
https://doi.org/10.13193/j.issn.1673-7717.2020.12.040
https://doi.org/10.13193/j.issn.1673-7717.2020.12.040
https://doi.org/10.13193/j.issn.1673-7717.2020.12.040
https://doi.org/10.13193/j.issn.1673-7717.2020.12.040
https://doi.org/10.13193/j.issn.1673-7717.2020.12.040

24

PR A=A (B 2D

% 5645

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

A, RIS, 5, SF AR VEACR R F SR S v O R 2k
%, 2021, 27(1): 2-8. doi: 10.3969/j.issn.1006-9852.2021.01.002.
CAOBX,LIN X Q, WUY, et al. Classification and definitions of chronic
pain. Chin J Pain Med, 2021, 27(1): 2-8. doi: 10.3969/j.issn.1006-9852.
2021.01.002.

SUN L, GU X, PAN Z, et al. Contribution of DNMT1 to neuropathic pain
genesis partially through epigenetically repressing Kcna2 in primary
afferent neurons. ] Neurosci, 2019, 39(33): 6595-6607. doi: 10.1523/
JNEUROSCI.0695-19.2019.

WANG Z, SHEN W, ZHU M, et al. MiR-199-3p suppressed
inflammatory response by targeting MECP?2 to alleviate TRX-induced
PHN in mice. Cell Transplant, 2022, 31: 73801248. doi: 10.1177/
09636897221108192.

EWE, @I, I, 5. FHORRATT X PR IR R Ak B P 2
AIE S8 AR 1% e A S ) AL R, T 2R, 2024, 44(4): 411-
417. doi:10.13703/j.0255-2930.20230626-k0003.

WANG HY, JIY, ZHANG S, et al. Effect of acupuncture therapy on
quality of life in patients with chronic prostatitis/chronic pelvic pain
syndrome: a randomized controlled trial. Chin Acup Moxib, 2019, 44(4):
411-417. doi:10.13703/j.0255-2930.20230626-k0003.

DWIVEDI R, KAUSHIK M, TRIPATHI M, et al. Unraveling the genetic
basis of epilepsy: recent advances and implications for diagnosis and
treatment. Brain Res, 2024: 149120. doi: 10.1016/j.brainres.2024.149120
TREKES, X, AN BEGABA(B) Z A DN AT IEALHTIE L ST HUH B
il. B2 EEEE 2, 2016, 27(10): 2545-2547. doi: 10.3969/j.issn.1008-
0805.2016.10.087.

XU QL, LIU T. Mechanism of electroacupuncture analgesia by inhibiting
DNA methylation of spinal GABA (B) receptor. Shizhen Guoyi Guoyao,
2016, 27(10): 2545-2547. doi: 10.3969/j.issn.1008-0805.2016.10.087.
JANG ] H, SONG E M, DO Y H, et al. Acupuncture alleviates chronic
pain and comorbid conditions in a mouse model of neuropathic pain: the
involvement of DNA methylation in the prefrontal cortex. Pain, 2021,
162(2): 514-530. doi: 10.1097/j.pain.0000000000002031.

TAJERIAN M, ALVARADO S, MILLECAMPS M, et al. Peripheral nerve
injury is associated with chronic, reversible changes in global DNA
methylation in the mouse prefrontal cortex. PLoS One, 2013, 8(1): €55259.
doi: 10.1371/journal.pone.0055259.

KELLER M, SVENSSON S, ROHDE-ZIMMERMANN K, et al. Genetics
and epigenetics in obesity: what do we know so far? Curr Obes Rep, 2023,
12(4): 482-501. doi: 10.1007/s13679-023-00526-z.

CHEN Y, KASSAM I, LAU S H, et al. Impact of BMI and waist
circumference on epigenome-wide DNA methylation and identification
of epigenetic biomarkers in blood: an EWAS in multi-ethnic Asian
individuals. Clin Epigenetics, 2021, 13(1): 195. doi: 10.1186/s13148-021-
01162-x.

SADASHIV, MODI A, KHOKHAR M, et al. Leptin DNA methylation
and its association with metabolic risk factors in a northwest indian obese
population. ] Obes Metab Syndr, 2021, 30(3): 304-311. doi: 10.7570/

jomes20131.

[27]

(28]

[29]

(30]

[31]

(32]

[33]

[34]

(35]

(36]

(37]

ZHU D, L1 A, LV Y, et al. Traditional Chinese medicine: a class of
potentially reliable epigenetic drugs. Front Pharmacol, 2022, 13: 907031.
doi: 10.3389/fphar.2022.907031.

KOKOSAR M, BENRICK A, PERFILYEV A, et al. A single bout of
electroacupuncture remodels epigenetic and transcriptional changes in
adipose tissue in polycystic ovary syndrome. Sci Rep, 2018, 8(1): 1878.
doi: 10.1038/541598-017-17919-5.

BENRICK A, PILLON N J, NILSSON E, et al. Electroacupuncture mimics
exercise-induced changes in skeletal muscle gene expression in women
with polycystic ovary syndrome. J Clin Endocrinol Metab, 2020, 105(6):
2027-2041. doi: 10.1210/clinem/dgaal65.

LENG J, XIONG F, YAO J, et al. Electroacupuncture reduces weight in
diet-induced obese rats via hypothalamic Tscl promoter demethylation
and inhibition of the activity of mTORCI signaling pathway. Evid Based
Complement Alternat Med, 2018, 2018: 3039783. doi: 10.1155/2018/
3039783.

YAO ], YAN X, XIAO X, et al. Electroacupuncture induces weight loss by
regulating tuberous sclerosis complex 1-mammalian target of rapamycin
methylation and hypothalamic autophagy in high-fat diet-induced obese
rats. Front Pharmacol, 2022, 13: 1015784. doi: 10.3389/fphar.2022.
1015784.

B BRI I O I A P L R LR A ASHE PR Y BEAL 5. ) M
TN BE 2R, 2021. doi:10.27044/d.cnki.ggzzu.2021.000003.

WU X. The impact of acupuncture at taichong acupoint on the
methylation of RAAS genes in spontaneously hypertensive rats.
Guangzhou: Guangzhou University of Chinese Medicine, 2021. doi:
10.27044/d.cnki.ggzzu.2021.000003.

TE PP RS RS E R L2 B 2 IABIE T P RS 5 1897 LK
L. E P PT B AEA 2%K, 2020, 40(2): 141-148. doi: 10.7661/j.cjim.
20191222.421.

Chinese Society of Integrated Traditional Chinese and Western Medicine
Neurology Professional Committee. Expert consensus on the diagnosis
and treatment of depression by integrated traditional Chinese and
Western medicine. Chin J Integr Tradit West Med, 2020, 40(2): 141-148.
doi: 10.7661/j.¢jim.20191222.421.

VELTRI A, NICOLI V, MARINO R, et al. Plasma brain-derived
neurotrophic factor (BDNF) levels and BDNF promoters' DNA
methylation in workers exposed to occupational stress and suffering from
psychiatric disorders. Brain Sci, 2024, 14(11): 1106. doi: 10.3390/
brainscil4111106.

SAADAT S H, JAVANBAKHT M, SHAHYAD S. Brain-derived
neurotrophic factor and C-reactive protein (CRP) biomarkers in suicide
attempter and non-attempter major depression disorder (MDD) patients.
Ann Gen Psychiatry, 2024, 23(1): 27. doi: 10.1186/s12991-024-00511-3.
MAIER H B, NEYAZI A, BUNDIES G L, et al. Validation of the
predictive value of BDNF -87 methylation for antidepressant treatment
success in severely depressed patients-a randomized rater-blinded trial.
Trials, 2024, 25(1): 247. doi: 10.1186/s13063-024-08061-5.

YTEE, 2250, Tk 55, S TR L A T B 25677 KT oY


https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.3969/j.issn.1006-9852.2021.01.002
https://doi.org/10.1523/JNEUROSCI.0695-19.2019
https://doi.org/10.1523/JNEUROSCI.0695-19.2019
https://doi.org/10.1523/JNEUROSCI.0695-19.2019
https://doi.org/10.1523/JNEUROSCI.0695-19.2019
https://doi.org/10.1523/JNEUROSCI.0695-19.2019
https://doi.org/10.1177/09636897221108192
https://doi.org/10.1177/09636897221108192
https://doi.org/10.1177/09636897221108192
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.13703/j.0255-2930.20230626-k0003
https://doi.org/10.1016/j.brainres.2024.149120
https://doi.org/10.3969/j.issn.1008-0805.2016.10.087
https://doi.org/10.3969/j.issn.1008-0805.2016.10.087
https://doi.org/10.3969/j.issn.1008-0805.2016.10.087
https://doi.org/10.3969/j.issn.1008-0805.2016.10.087
https://doi.org/10.3969/j.issn.1008-0805.2016.10.087
https://doi.org/10.3969/j.issn.1008-0805.2016.10.087
https://doi.org/10.3969/j.issn.1008-0805.2016.10.087
https://doi.org/10.3969/j.issn.1008-0805.2016.10.087
https://doi.org/10.1097/j.pain.0000000000002031
https://doi.org/10.1097/j.pain.0000000000002031
https://doi.org/10.1371/journal.pone.0055259
https://doi.org/10.1371/journal.pone.0055259
https://doi.org/10.1007/s13679-023-00526-z
https://doi.org/10.1007/s13679-023-00526-z
https://doi.org/10.1007/s13679-023-00526-z
https://doi.org/10.1007/s13679-023-00526-z
https://doi.org/10.1007/s13679-023-00526-z
https://doi.org/10.1007/s13679-023-00526-z
https://doi.org/10.1007/s13679-023-00526-z
https://doi.org/10.1007/s13679-023-00526-z
https://doi.org/10.1186/s13148-021-01162-x
https://doi.org/10.1186/s13148-021-01162-x
https://doi.org/10.1186/s13148-021-01162-x
https://doi.org/10.1186/s13148-021-01162-x
https://doi.org/10.1186/s13148-021-01162-x
https://doi.org/10.1186/s13148-021-01162-x
https://doi.org/10.1186/s13148-021-01162-x
https://doi.org/10.1186/s13148-021-01162-x
https://doi.org/10.7570/jomes20131
https://doi.org/10.7570/jomes20131
https://doi.org/10.7570/jomes20131
https://doi.org/10.3389/fphar.2022.907031
https://doi.org/10.3389/fphar.2022.907031
https://doi.org/10.1038/s41598-017-17919-5
https://doi.org/10.1038/s41598-017-17919-5
https://doi.org/10.1038/s41598-017-17919-5
https://doi.org/10.1038/s41598-017-17919-5
https://doi.org/10.1038/s41598-017-17919-5
https://doi.org/10.1038/s41598-017-17919-5
https://doi.org/10.1038/s41598-017-17919-5
https://doi.org/10.1038/s41598-017-17919-5
https://doi.org/10.1210/clinem/dgaa165
https://doi.org/10.1210/clinem/dgaa165
https://doi.org/10.1155/2018/3039783
https://doi.org/10.1155/2018/3039783
https://doi.org/10.1155/2018/3039783
https://doi.org/10.1155/2018/3039783
https://doi.org/10.3389/fphar.2022.1015784
https://doi.org/10.3389/fphar.2022.1015784
https://doi.org/10.3389/fphar.2022.1015784
https://doi.org/10.27044/d.cnki.ggzzu.2021.000003
https://doi.org/10.27044/d.cnki.ggzzu.2021.000003
https://doi.org/10.7661/j.cjim.20191222.421
https://doi.org/10.7661/j.cjim.20191222.421
https://doi.org/10.7661/j.cjim.20191222.421
https://doi.org/10.7661/j.cjim.20191222.421
https://doi.org/10.7661/j.cjim.20191222.421
https://doi.org/10.3390/brainsci14111106
https://doi.org/10.3390/brainsci14111106
https://doi.org/10.3390/brainsci14111106
https://doi.org/10.1186/s12991-024-00511-3
https://doi.org/10.1186/s12991-024-00511-3
https://doi.org/10.1186/s12991-024-00511-3
https://doi.org/10.1186/s12991-024-00511-3
https://doi.org/10.1186/s12991-024-00511-3
https://doi.org/10.1186/s12991-024-00511-3
https://doi.org/10.1186/s12991-024-00511-3
https://doi.org/10.1186/s12991-024-00511-3
https://doi.org/10.1186/s13063-024-08061-5
https://doi.org/10.1186/s13063-024-08061-5
https://doi.org/10.1186/s13063-024-08061-5
https://doi.org/10.1186/s13063-024-08061-5
https://doi.org/10.1186/s13063-024-08061-5
https://doi.org/10.1186/s13063-024-08061-5
https://doi.org/10.1186/s13063-024-08061-5
https://doi.org/10.1186/s13063-024-08061-5

L] R 55 EHHIA I DNA F AL LI it 7 25

[38]

[39]

[40]

[41]

[42]

[43]

HERE. b E H A B2 AR, 2023, 33(12): 104-111. doi: 10.3969/j.issn.
1671-7856.2023.11.016.

FU X Q, LAN R, ZHANG Y, et al. Research progress of traditional
Chinese medicine in the treatment of stroke based on epigenetic
regulation. Chin ] Comp Med, 2023, 33(12): 104-111. doi: 10.3969/j.issn.
1671-7856.2023.11.016.

ARk, 0T A, 2228L, 45, FfIXIAR A FLRT AT B BUNKAS S3@
ARSI, e R 2474, 2021, 36(6): 3157-3161.

YU QY, YANG X J, JIANG H L, et al. The impact of acupuncture on the
expression of JNK signaling pathway in the prefrontal cortex of depressed
rats. Chin J Tradit Chin Med, 2021, 36(6): 3157-3161.

PETITPIERRE M, STENZ L, PAOLONI - GIACOBINO A. Epigenomic
changes after acupuncture treatment in patients suffering from burnout.
Complement Med Res, 2022, 29(2): 109-119. doi: 10.1159/000521347.
JIANG H, ZHANG X, LU J, et al. Antidepressant-like effects of
acupuncture-insights from DNA methylation and histone modifications
of brain-derived neurotrophic factor. Front Psychiatry, 2018, 9: 102. doi:
10.3389/fpsyt.2018.00102.

KATO T, NISHITA Y, OTSUKA R, et al. Effect of cognitive reserve on
amnestic mild cognitive impairment due to Alzheimer's disease defined
by fluorodeoxyglucose-positron emission tomography. Front Aging
Neurosci, 2022, 14: 932906. doi: 10.3389/fnagi.2022.932906.

BEHL T, KYADA A, ROOPASHREE R, et al. Epigenetic biomarkers in
Alzheimer's disease: diagnostic and prognostic relevance. Ageing Res Rev,
2024, 102: 102556. doi: 10.1016/j.arr.2024.102556.

LIL, QIU Y, MIAO M, et al. Reduction of Tet2 exacerbates early stage

Alzheimer's pathology and cognitive impairments in 2xTg-AD mice.
Hum Mol Genet, 2020, 29(11): 1833-1852. doi: 10.1093/hmg/ddz282.

[44] WANGY Y, YUSF, XUE HY, et al. Effectiveness and safety of
acupuncture for the treatment of Alzheimer's disease: a systematic review
and meta-analysis. Front Aging Neurosci, 2020, 12: 98. doi: 10.3389/fnagi.
2020.00098.

[45] YU CGC,HEC,DU Y], et al. Preventive electroacupuncture reduces
cognitive deficits in a rat model of D-galactose-induced aging. Neural
Regen Res, 2021, 16(5): 916-923. doi: 10.4103/1673-5374.297090.

[46] JIANG]J, LIU H, WANG Z, ef al. Effects of electroacupuncture on DNA
methylation of the TREM2 gene in senescence-accelerated mouse prone 8
mice. Acupunct Med, 2022, 40(5): 463-469. doi: 10.1177/
09645284221077103.

[47] FRECR, BV LRSI FEE . JH P24, 2014, 31(10): 577-582.
LIANG F R, ZHAO L. Research progress of acupoint specificity. Tianjin J
Tradit Chin Med, 2014, 31(10): 577-582.

(2024 - 11 - 024itFi, 2025 - 01 - 05f& [1])
gifl A Ak

FEBERI ASCH R AU B 4 —lE Rl G

—@ BY NG 4.0E BRI A BMY (CC BY-NC 4.0), BEAN(E B35 1A

https://creativecommons.org/licenses/by-nc/4.0/,

OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more
information, visit https://creativecommons.org/licenses/by-nc/4.0/.

© 2025 PO J1IR2A2EA (B2 2ARR) ) 57

Editorial Office of Journal of Sichuan University (Medical Sciences)


https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.3969/j.issn.1671-7856.2023.11.016
https://doi.org/10.1159/000521347
https://doi.org/10.1159/000521347
https://doi.org/10.3389/fpsyt.2018.00102
https://doi.org/10.3389/fpsyt.2018.00102
https://doi.org/10.3389/fnagi.2022.932906
https://doi.org/10.3389/fnagi.2022.932906
https://doi.org/10.3389/fnagi.2022.932906
https://doi.org/10.1016/j.arr.2024.102556
https://doi.org/10.1016/j.arr.2024.102556
https://doi.org/10.1093/hmg/ddz282
https://doi.org/10.1093/hmg/ddz282
https://doi.org/10.3389/fnagi.2020.00098
https://doi.org/10.3389/fnagi.2020.00098
https://doi.org/10.3389/fnagi.2020.00098
https://doi.org/10.4103/1673-5374.297090
https://doi.org/10.4103/1673-5374.297090
https://doi.org/10.4103/1673-5374.297090
https://doi.org/10.4103/1673-5374.297090
https://doi.org/10.4103/1673-5374.297090
https://doi.org/10.1177/09645284221077103
https://doi.org/10.1177/09645284221077103
https://doi.org/10.1177/09645284221077103
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

	1 DNA甲基化的概念和调控机制
	1.1 DNMTs
	1.2 MBDs
	1.3 DNA去甲基化

	2 DNA甲基化与针刺治疗疾病机制
	2.1 DNA甲基化与针刺镇痛
	2.2 DNA甲基化与针刺减肥
	2.3 DNA甲基化与针刺抗抑郁
	2.4 DNA甲基化与针刺治疗阿尔茨海默病

	3 小结与展望
	参考文献

