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Abstract

Parkinson’s disease (PD) is one of the most common diseases among middle-aged and elderly peo-
ple. Due to its unclear early symptoms, insidious onset, and easy misdiagnosis, it can even lead to
autonomic nervous system dysfunction, sleep disorders, depression, and dementia in the later
stages, which have a significant impact on the quality of life of middle-aged and elderly people. The
latest research shows that the pathological changes of Parkinson’s disease are related to abnormal
activation of apoptosis related signaling pathways and inflammation. Numerous animal and clinical
studies on acupuncture treatment for PD have shown that regulating signaling pathways such as
PI3K/AKkt, NF-kB, JNK, and NLRP3 is an important target for acupuncture treatment of PD. Most con-
ventional treatment interventions for Parkinson’s disease have limited effectiveness and serious
side effects. This article provides a review of Parkinson’s related signaling pathways and acupunc-
ture regulation, in order to provide theoretical basis for the mechanism and role of acupuncture in
preventing and treating Parkinson’s disease, and to provide reference for future in-depth research.
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1. 3]

iiF1 <2 A% 93 (Parkinson’s disease, PD) {1 Ay A R &S — 5 WL AR ZRIBAT VR, HAZ O AR 22 BE 22 AR AR R L
NI 2 R 2 n IR B R R, FESUIR A 2 RO 5 35 BRI (RIS PR B RS P % 5 /)
PRI X LA R LI A DL o T B 11 57 0 RO R B AR A [1] . FL I RAFAE B 4 i B M e
Wi, KRR, BHRENGRE2]. RAETM, 2 2040 4, B ABTRESHE— BN, BEE A A AL
Koo WA TN BEA DA ACRE e v, LB P REEIL 1700 J3[3]. BEIIRAR (4 SR D H I A 52 4
B eSS BB SUIRIA 2 EL R RE R A T IO IEAT PR R O . fE—ER2E b, i T PD B BEALA 4 AN S 4
A, A A BT RIGT TR L PD AR, KIZGIa) T MU A E A R RN, J72K
BB T . AR, A B BORBEI RIS M, 27T PD Sl AUE T, RTRLK
KECEIZENAEIR . ST, BEE 25 R AN, 78 R A 25 K a7 W18, 2 BT SRBLR Az ) s
5[4

KEWHTTCIESE, $HRTVALE PD BAYT o Eom WA A2 SR 1 o A2 GR AL 3 22
BIECLT L5 : B TR TR, BSOS IR s, AR S B 05 S A 4T R P T
T 55 2 LR REAR 22 TO 0 BRI B T AR RE T [RUR, BT R0 RE A% IR 19 RSP 2275 (Ml BR RS 1%, R (et
RTTIEYVE, A TIRTHNAN 2 Bk BiRZ @ FVER], JEFM R 7 4 RIT-75 PD ) = 25
HAEPILRR[S]. BETURILZ L RERN 28T 5 HAR AN M SR A 2 AL i A 5l B X IRAE PD I
VeI, BAE— SRR MR EFRE T B TAERAR6]. Ji4h, BRI DOE I ST R
PURATGTIE T A% LA S R 5 Sk Je o 275 (] B o P 2238 o T SR DR 9 22 B RE A 22 70 B T8 1k, AT
35 PD MBI hRE[7]. BUK S PD Am s DI OC BUAS 5l i S LB G T SRR it FE R ZRI8 W0 F

][l

DOI: 10.12677/acm.2026.162381 210 Il R 125 23k i


https://doi.org/10.12677/acm.2026.162381
http://creativecommons.org/licenses/by/4.0/

EREEE, EINR

2. (S8R5 PD WHEXMRR

2.1. TEBEEEAILES 3 B (Phosphatidy-Linositol-3-Kinase, PI3K)/Z& B & B
(Protein Kinase B, Akt){E S1& &

PISK/AKL 15 538 i % 1 35 X h 28 28 GEdm e A R T2 FA ST A2 25 AR i R 1) S5 5 s S L
HW% R G050 R DRI [8]. WFIUR I, PISK/AKL {5 5@ S IEH 5 PD A%, H TRkl
IS N . RIS . KO R SRR ST TR PD AR AR R B9, 244 A2 2 g s
PISK #ii, HE T (A0 40 M s b F B M B L4, 5- — BERR (PIP2) B R 1k, A5 B M e ILIE-3,4,5- = B
(PIP3). X —fRMEE (M RAN, AE LS B 40 RS A I BuR R4t 7 R ES &AL, IWEZN T
e SRS Akt PR K RIS, JERSAEEH NS R EEAMTOR), EHTE p-
mTOR LRIk, MM S 2R AEYIRN, M) 40 & T A2 it 40 B 455 [10] . Dong S5 [ 1116 78 R
FPE A 3 AlIEE S PISKIAKT (55 %, I/ e T, Hdt— Bl g E (ROS) A Bt S Ze i ik
JERLAT 8, MWIMZMRAH DR BRI . thah, FREE[L2]HF 5 R I, ] PIBK/AKY/mTOR {5 5 i@ i nJ %
& 1-HJE-4-ZR B L NE 257 (MPP) XS SH-SY5Y 4Ha i 2 PE 477, $2om %3 8% A0 vl 58y PD TR YT 24t
TS AE SR o

2.2. ¥%HEF «B (Nuclear Factor Kappa B, NF-xB){E S8 &

NF-xB {5 52 i REL. RELB. NFKB1. NFKB2 Al RELA 415 SN F xRk, efilh
K AR AR FIR R AR R, %S NF-«B 545 & i R E A b . KM i NF-«B
BT HENRS . TWREZFE[13]. BWFR LI NF-xB 7] LLEE 2 i i A2 il 35 4ORE A R B03E P, B X
P RGN AR P& T MBIl Rk, 25 PD &R AT L #E[14]. Cheng F5[15]
W R I, B R AL I 6] NF-«B {5 5 BB IRE MPTP i S & A& K Risshimeg, sl g m i
i AL R A S R E R . Cail ZF[16]8F 7R W], Kaemperfol Xt 6-¥83% £ EL%E 511 PD K RF g
ZHES I BV2-7 3 SIEA M SORE R A MR E, L FE R IH] NF-«B (5 5@, I mH]E
A F /0N 2 S5 200 B ) A A R 22 T SR (R A 228 8 R S o

2.3. C-Jun N KRim#EE(INK)E S @

INK & 22 250 A I 01 : B0 20 24 R I — N8 O 0%, st R 1k N o Ser-
63 A1 Ser-73 Fk ok & AP c-Jun [17]. INK 45 INKL. IJNK2, INK3, ‘E112&H MAPK8. MAPK9 fl
MAPK10 JE [ 4ifid, IR mRNA IARREIE A, AR 72 10 MR F) INK EAY, Hf INK1
HTINK2 #E4x 52 355, T INKS IR A ZVR Rl , (BR TR O EFTS2 . INK A5 S iy
LRI, ORI, k. AR TR ORE[18]. BRI, INK B EGLE PD /)N 5L 2 J5 40
(1) 9 RE AN T2 R 3536 B VR TTAE I [19]. BRIBZE[20]0F 70 &K B, SP600125 1Ey INK [H#iifil 5, A4
RCPHBT INK BEER 1L, /b4 R T R AR, XK W] PD 40 A Y b (o 4r M P T2 AT BE 5 INK B B (0305
R, FECINK BERRAL, M F B0 T 52 A48 B A DGR 1 IR IE R I . £ 8945 [21] D-INKIL Gl #si] INK
ST LAURIES AR E R, AIMZEME MPTP 153 1/ iR PD B 2 U REM I T2, FHRE2AR/NER PD
BRYIAT N2 E G, thah, D-INKIL IEr] AR L RR T ReRfg, B Zehifk ROS 5l &A% -

2.4. BERESERMEHWEEZHEZER 3 (NLRPI)ESER

NLRP3 ZE/ MR NI —F 2 AR EY), EEBERRERZAENA NLRP3. JAEH i
caspase-1 JZIEF R ASC . ZE S MENVRBANEE G . WIEPE GRS T KA SR B
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B, REFRENETHNEES TG, Z25RIERNMIEZE . NLRP3 28 /MA 1 3#0E vl {2 f#
caspase-1 & HEFVE4L, #EM7iEN gasdermin D K PEERZIE S MAET:, HIEHFE IL-18 5 IL-18 KRS
Bes[22]. AR, NIRRT NLRP3 JORE/IMAR) S i& 4, 7£ MPTP 1551 PD fAY 2 A8 1
I R PPy T S B A (6] 23] . Huang Z5[24]10F 78 &K I, NLRP3 #E/IMAZE MPTP 5 5/ i1 B2 R SUIRK R 45
o B2 WO, I H NLRP3 & 1% /MA S5 MPTP 7 S & WL, 7£ MPTP i 5 PD #2 1, MCC950
N NLRP3 JSE/MA s S EIIHI 7, 8 S 2E 30H] NLRP3 JORE/IMARITHALRIBE J5 IL-18 (774, A
AR ER, R T RE AT 7 e A 2 EURREM 2 0 AR T IR b o /N R EE[25]RF ST R B, 1T
NLRP3 48 JiE /MA I AT 56 /N 2 S5 40 M 3% AOIR 25 7 A B 3 P A 2 ek PD oo B2 v (e 22 26
RE SR AE A B T RIE AR ThRE, FRA% b 2 0 2 LR & n UG AR B2, AT 2esE PD
N I s o febElS . FRMLHIE, $Er NLRP3 JRE/IMA T BEA2 PD T/ 5ms 2 — .

3. &tk PD HHEESEK

ZIRTFEREA , 7SRO B0 AR08 A OGS 5 8 1A VR 43 B AT A DX ke e ik o b, SRR
CEHZT R FERIEUR AT EEEOE PISK/AKL 5 MAPK/INK BB, Lk Wi o 1 2275 7% K T (BDNF)
I R 20 BRIk Ao 2275 R 1K) T-(GDNF) 33k, AT B2 40 3% P i 22 L B B A 2 JC AR IR S o Tz i 48
I LLRM R =H N, TEE R B GLP-1R/PIBK/AKYNF-xB K NLRP3 {55 i #% R 41
RRE L5 iE BREE T RE . HhAh, BEEEIULL “RAR” « RERE” S B Mf 45 NF-xB J NLRP3 %1%
AMETEE, RBUHIET B - Bifh” 7R FRRIE . BRI SR (S S AR E 2 R N R R
Mo F IR TR T ASE AL E AL 2Z S, IR RS &k 7R RS LR AL T BB AR .

3.1. §t#F PD PI3K/Akt (S S @R

—TSEIG A FE[26] R, FEFRIE < KURE” “ORph” A R =L TR GLP-1R. p-PI3K F p-Akt
B ARIZIEAKT,  HE I RSB 5T S S R B AL Bl (TH) KT, AT 5t /N BR BB v, B3R m /D R
TSR, JHEE RSB TR . SAh, MHSRBTFT[271K0, B “E e R b S iE
P RS B X T 0 PIBK/AKE {5 5@ B, it i PISK Milait Akt 1R &5 K P RIEME . BARED
N: PIBK HARIE NS p-Akt BERR L /KY IAZAER DG, 3R 1 185 5 AT 4 25 k2> 240 B 9 2
BRI Z A, RG2S TR, e R R S, KB SR it ATF6 1 Caspase-3 [ 8
RIEAKF IR K, PISK Fl Akt A ARG AP R TR, HRBRH W EE TH 1L BE T &, o-
R B A (o-syn) P56 3 FERRAG, 3-SR AT RR I I B80S PISK/AKL {55 382K, HHI P Jo I FF) JRE388
RIFPHTER . BFFCEoR, BRI SEEG R B X IC & 26 2 E9RYT PD, nl R N S 5 Rl o CAL,
CA3 Fll CA4 [X Akt fIZRIE, FHLHt RS PISK/AKL B H T, AT ksl o i 28 o 2 B e 48 e O 25 2
[29]. B —TURF TR I, HER “RUF” “Ryh” “ R =87 B S GLP-1R/PISK/AKT/NF-xB 15 5l i,
AT LA /N e BT 4B M I FE TR, DR R R AR B, ek R PR B R -0 (TNF-0) BT 1L-18 45 98 9iE [H 1
(RIS, AT ORAP 28 O i S 32 40 ARV T2, SR BTG AYG Y7 PD 1) H #I[30]. A WFFIESE, Mg “FH
BRI R s KRR T P ) A A A7 IR AR R I 5 BDNF Al Bel-2 1A, MM 7E S MPP 5145
PR b P 2 B RE AR (R [31] . FRATIAYT L 1 BDNF Hil GDNF ik LA AR %45 5 K7 (10 Akt.
CREB HI Pitx3) k3 5 2 i vh 2 LI REM 2 T A7 TG 28, JFB IR SO 2 EL R RE B Ak, Tkt
PD AL/ R 12 BE IR [32] -

3.2. $t#%FFi PD NF-xB {5 =@
TR 90 ST o B B < RURF” R =L R Sy Al @ I 4% IL-6/NF-B {5 S8 ik K,
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FrE B TH Rk, i e 2o IR A st RIS, R F 106 i &
PER IR RIS . %A SRR, A LR AT e T 2 A S L R I A R S P A
WYER33]. J4h, EUESE[3AIRE SR IVET R “E 2 “BHRIR” ARSI IL-17 24K AINF-xB 5 538
PG E . AR [35 AL B AT “RURF” R HIH] NF-B 15 530 B AR ¢ B A AT ek PD AR K BR A fig 2B
JRIIHRE SOE R N, IS ThRemls, $e P TH RIEKE, WD R a-syn RE. LRI,
HER “IRURF” “ORph” BESSTTRAE M MEME, B0 PD BERLK R LIRS 1, 98D NF-xB I 575
Bog, BRREEARMNESE, £ CfE L2 ERgEmE i, Mm-Sy 7 2e
fEre it oe, HEMIHER R BV PD BINLHI TR 5K NF-«B 7S 1E. OG5 & OB A RS IR A K[36]. Ik
Ab, AHSRBEFE[37VR DL, HAR “RURF” “Ryh” nBH I o4 MR E S S 10 BR £2 CIRRE S T B R, K
3 PD BEK RAT SR, W B0 TH FEMEMZ o &2k, SRt BA A PD FIFER, LA
et & A A RS Th RE R3S AN NF-xB RIE I8 A K.

3.3. §#%IFF PD INK ESBEMR

— T TSR, B CRAK” ¢ BERE” “KBparT =R B LiE PD SRR RER TH RAERE
K, TR A% X I R Ah c-dun (p-c-jun) B FAFRIA . HE— D SRR, 1% TS ) G 2] 22 5
RIFEH T HHFE-y (IFN-y). TNF-a K (A 38-1 (IL-1) 5 BRI [38]. AHOCHFFE R I, Jdid et sl « o
27 R R AT A PD ALK BRI B MAP4AK3. MKK4 & INK & H iR 1L K F[39]
SEG RPN, AT XU R R, BN IRELa. ASKI Al p-INK £ [ ()23 /K B S5 B A% [40]
R E[ALES B “ U7 5 R RS, KERBRIX TH EEREREA S, i p-c-jun K&
AEE T TNF-a. IFN-y. B0 3R-148 (IL-19) KR A R A R FEIC. XK, £+ Hn] iz PD Ay
KEAEA MAPK/INK {5538, FEIERIX p-c-jun 8 ARLKF, Hdt—2 FiHKER T TNF-a. IFN-
y B IL-18 [ERIK . Z45 SRR, EF T B8 I FiH] MAPK/INK G B & A6 S AH ¢ 9808 [ B, X PD [k A=
SRBREB—EMIFEER. BFRKRIL, 100 HZ ELL e “H4” “Bar” “KR7 E7 s miR
T INK 1 p38 {5 5l s, LRk RET 3842, 4% Bel-2 5 Bax MUk L], MmiiH] caspase-3 3%
WERIE, RARFETAIMTITIER[42]. HAERFRA, %25 R n@Ed s un BoEige, a
AR 0 22 T e RE R 2 T S 52 1- R JE-4-2K3E-1,2,3,6- DU AU e (MPTP) % S M & B 45405, i MLHIAE
PD AR R B B A S R B, N BRAB IR T SR T VAR T AN [43]. WRAUREL, NI
A& PD K RS B b i R 1k ERK1/2 (p-ERK1/2) & p-c-jun [k, JLHLHI AT fE 5842 MAPK (55
%, #IH ERKL/2 J INK A 2C[44].

3.4. $%FFi PD NLRP3 (SEiB K5

ik /N SR [ASIHT TR BT “ RURF” R 2 = B AT RO B 0 R IR 5 5 1 PD /N BB TR NIrf2
(N1 K. NLRP3 M MAEES M CE AN B, H4b, GoRy46], e K™ “KIF” 5,
PD KB H i B L SCIR 1A Cleaved Caspase-1. NLRP3 Fl ASC IERIEKFIH BT R % . W50 os e <R
7R R =7 R DU IR I TE RN AR I R R R B T mRNA RIAIKE . ]
G B A7 TE a-syn BTG VERNK S A TE bR, MR R PD /N B IAT AR LA E FI28 86 JI[47].
RFEEEASIF TR, AT “H 2 “BHBZR” R MCCO50 1] B[R] #H] NLRP3/Caspase-1/IL-18 %
PEAS SIS, PD /N BRAR AL R0 22 SO0E 5 2 IR RERP A TC IR AHZS &, I 24003 PD /NRIWIZ ) TR .
FAWVTORI, AR 2 NLRP3 28 VAR IR0 R Wil 28 e AN b iz B R i, AT 2 A
PD /IR IZ 2l Dl e B g A AR [49]

DOI: 10.12677/acm.2026.162381 213 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.162381

HIEIE,

F i

4. EIBSRE

BRI 08 NLRP3 - 28 i /N4 1% A0 IR 3 il 4 FH R Be & 245 5 @ B 0 W IR 4% . A TESE R B,
PIBK/AKt {5 5B BRI 5, M) 1kBa BEERRAL, BHIE NF-«B %4847, MR iHH X NLRP3. pro-
IL-18 SR R A e S SR A e s REAMATE ) “ 8307 (55 . A— 71, INK S5l At (e it 28
Fifhk ROS &8, A NLRP3 #iE/IMAMHZEIRMLL ) “5E (557 o FET LS, BT 58iE e [H
AW PIBKIAKL JHE 5] INK @RS, £ “H3h” 5 “RH” I RER B 7l NLRP3 2 5E MA 175
PR o X —VE AR B T — N5 “PISK/AKE-NF-xB-JINK-NLRP3” ]2 EZ i M4, A Bedt )
PUAAEF 73 F AL SR T 38 B AR R o

WAk, BEA&EXT PD AR HLEIRIAWIR NG T, & RG YT PD IALHIBE 7 RIFE IS 1 8 KR . AL
IR AR D A RIFE VST PD hi i 5@ i, & IVEF IR AR RS S @R AER VA PD J5 T B B E 3
Ho Al T PISK/AKE. NF-xB. JNK Fl NLRP3 252 4415 S BB R PTAN MBI 1. AR A0 2 4 M N
8 2 fioi 2B A S S PR PR AL Bl ) 28 /AR E A LS o i B R A E a-syn iEPESE, IR 2 2
JeResh 20, Biih PD MR R FE . B RIE A i B2 258 nTERER I — 8 43, 7250 T AW 250 58 A TR AN
FoHp, XHEFRIE T PD AH OGS S i@ B AR IR, R RAFREYT 2R, % PD BT R IT
HA BRI M AT, T PD A7 s, BA—EmMiERE L, A5G PD HIIGIRET T ig 4t
T RIS R R T 1) .

JOEEHRIE PD RITIR AG YT o H a2 BN A, BA5E V2 ) @ R R AT (1) PD AR ML
WIANER A, ELE I R AR A 2 S S R IR F R B . (2) FEENRIET PD FIMLEIE ST, B
ER—(E 5@ b, S0P EHfIGRYTT PD A EME 508 % 2 AAE B OGIHEFIAE BAE FH AR 7T . (3) IARER ZHf
FFN TEHRIEYT PD F BB TARA 12 4 1GR90 S 45 M IR YT 7 &, S Z VS A5 8 1R IT IR &
UbAh, I TR G KPR B IR TE, BRICAS IR B o T2 B ek ) 556 -4t i
GBI, AT S A b ] B AT RE (S BB IRIT PD AR A R . I TR AR I R
5, DMEdbEr R AE PD MOt At e, KA A RS, A RE e R BA PD BE5E BN R S
PRI KEA o [, FRATIE B OCVE FARAR DS A Tt e, W IR AT R B 2 RB T 4R TT 4%,
LAFEr PD VRITINITE 1. 45 BRNR, 4FRIAIT PD JTRURZE, (BIAE ML RNETT I8 FRR AN
FHEA T Z I, S RAEN PD IIRIT R E 2 A5, NEHN RS

SE

[1] Tolosa, E., Garrido, A., Scholz, S.W., et al. (2021) Challenges in the Diagnosis of Parkinson’s Disease. Lancet Neurology,
20, 385-397. https://doi.org/10.1016/S1474-4422(21)00030-2

[2] Ribeiro, F., Pires, R.W., Alarcén, T., Presti-Silva, S. and Simdes, A.T. (2023) Molecular Mechanisms Underlying the
Neuroprotection of Environmental Enrichment in Parkinson’s Disease. Neural Regeneration Research, 18, Article No.
1450. https://doi.org/10.4103/1673-5374.360264

[3] Oh, M.,Nam, J., Baek, A., Seo, J., Chae, J., Lee, S., etal. (2023) Neuroprotective Effects of Licochalcone D in Oxidative-
Stress-Induced Primitive Neural Stem Cells from Parkinson’s Disease Patient-Derived iPSCs. Biomedicines, 11, Article
No. 228. https://doi.org/10.3390/biomedicines11010228

[4] Stocchi, F., Vacca, L., Stirpe, P. and Torti, M. (2018) Pharmacokinetic Drug Evaluation of CVT-301 for the Treatment
of Parkinson’s Disease. Expert Opinion on Drug Metabolism & Toxicology, 14, 1189-1195.
https://doi.org/10.1080/17425255.2018.1550483

[5] Lin, D., De La Pena, L., Lin, L., Zhou, S., Borlongan, C. and Cao, C. (2014) The Neuroprotective Role of Acupuncture
and Activation of the BDNF Signaling Pathway. International Journal of Molecular Sciences, 15, 3234-3252.
https://doi.org/10.3390/ijms15023234

[6] Huang, M., Xu, L., Liu, J., Huang, P., Tan, Y. and Chen, S. (2022) Cell-Cell Communication Alterations via Intercellular

DOI: 10.

12677/acm.2026.162381 214 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.162381
https://doi.org/10.1016/S1474-4422(21)00030-2
https://doi.org/10.4103/1673-5374.360264
https://doi.org/10.3390/biomedicines11010228
https://doi.org/10.1080/17425255.2018.1550483
https://doi.org/10.3390/ijms15023234

EREEE, EINR

(7]

(8]

(9]
[10]
[11]
[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Signaling Pathways in Substantia Nigra of Parkinson’s Disease. Frontiers in Aging Neuroscience, 14, Article ID: 828457.
https://doi.org/10.3389/fnagi.2022.828457

Zhao, Y., Zhang, Z., Qin, S., Fan, W., Li, W., Liu, J., et al. (2021) Acupuncture for Parkinson’s Disease: Efficacy Eval-
uation and Mechanisms in the Dopaminergic Neural Circuit. Neural Plasticity, 2021, €9926445.
https://doi.ora/10.1155/2021/9926445

Wang, Q., Shen, Z., Zhang, S., Sun, Y., Zheng, F. and Li, Y. (2022) Protective Effects and Mechanism of Puerarin
Targeting PI3K/Akt Signal Pathway on Neurological Diseases. Frontiers in Pharmacology, 13, Article ID: 1022053.
https://doi.org/10.3389/fphar.2022.1022053

PO, R IE PISK/AKL 15 510 B 5 WA & AR A S ME K P R 2578 T MEIR D], 1l AR R R 44 A6, 2021, 40(12): 1379-
1383.

Chen, Y., Zheng, X., Wang, Y. and Song, J. (2018) Effect of PI3K/Akt/mTOR Signaling Pathway on JNK3 in Parkin-
sonian Rats. Experimental and Therapeutic Medicine, 17, 1771-1775. https://doi.org/10.3892/etm.2018.7120

Dong, W., Luo, B., Qiu, C., Jiang, X., Shen, B., Zhang, L., et al. (2020) TRIM3 Attenuates Apoptosis in Parkinson’s
Disease via Activating PISBK/AKT Signal Pathway. Aging, 13, 735-749. https://doi.org/10.18632/aging.202181

T, WA, EaE, S ] PIBKIAKUMTOR {5 5@ 866 MPP~+4b#EfF) SH-SY5Y 4t [ Wi . J5 12 J% PD 4§
TER FIRIR R[] RiEEPEZY, 2023, 51(5): 449-454.

Wang, Z., Dong, H., Wang, J., Huang, Y., Zhang, X., Tang, Y., et al. (2020) Pro-Survival and Anti-Inflammatory Roles

of NF-«B C-Rel in the Parkinson’s Disease Models. Redox Biology, 30, Article ID: 101427.
https://doi.org/10.1016/j.redox.2020.101427

Singh, S.S. (2020) NF-«B-Mediated Neuroinflammation in Parkinson’s Disease and Potential Therapeutic Effect of Pol-
yphenols. Neurotoxicity Research, 37, 491-507.

Cheng, C. and Zhu, X. (2019) Cordycepin Mitigates MPTP-Induced Parkinson’s Disease through Inhibiting TLR/NF-
xB Signaling Pathway. Life Sciences, 223, 120-127. https://doi.org/10.1016/j.1fs.2019.02.037

Cai, M., Zhuang, W., Lv, E., Liu, Z., Wang, Y., Zhang, W., et al. (2022) Kaemperfol Alleviates Pyroptosis and Microglia-
Mediated Neuroinflammation in Parkinson’s Disease via Inhibiting p38MAPK/NF-xB Signaling Pathway. Neurochem-
istry International, 152, Article ID: 105221. https://doi.org/10.1016/j.neuint.2021.105221

Schellino, R., Boido, M. and Vercelli, A. (2019) JNK Signaling Pathway Involvement in Spinal Cord Neuron Develop-
ment and Death. Cells, 8, Article No. 1576. https://doi.org/10.3390/cells8121576

Hammouda, M., Ford, A., Liu, Y. and Zhang, J. (2020) The JNK Signaling Pathway in Inflammatory Skin Disorders and
Cancer. Cells, 9, Article No. 857. https://doi.org/10.3390/cells9040857

M. INK 8 B TE M S AR5 /> BRS040 i 9 5 8 T A% P 0 Y 2 21 S 00 28 A [CY R it 2=
SiErtrer. 2007 SEE ILR I A P EE A5 A R R ST EAR (B, bilg b B2 245 K2 Y P D B2 e, 2017: 122.
PRia, RRSC, HER, 5. TRBO IS ARMAMEARE INK @B IET 2 A R T H e[, BB
ik, 2017, 36(2): 145-149.

FFH. INK S5 D-INKIL SR IG5 AR 2 UL Re ph Z0R AT VAR Rl D ] /% 22 ¥ BRS 1) 22 4E BRUTAR[D]: [Al L
AW C]. TLRH: A EBERERE, 2021.

Huang, Y., Xu, W. and Zhou, R. (2021) NLRP3 Inflammasome Activation and Cell Death. Cellular & Molecular Im-
munology, 18, 2114-2127. https://doi.org/10.1038/s41423-021-00740-6

Lee, E., Hwang, I., Park, S., Hong, S., Hwang, B., Cho, Y., et al. (2018) MPTP-Driven NLRP3 Inflammasome Activation
in Microglia Plays a Central Role in Dopaminergic Neurodegeneration. Cell Death & Differentiation, 26, 213-228.
https://doi.org/10.1038/s41418-018-0124-5

Huang, S., Chen, Z., Fan, B., Chen, Y., Zhou, L., Jiang, B., et al. (2021) A Selective NLRP3 Inflammasome Inhibitor
Attenuates Behavioral Deficits and Neuroinflammation in a Mouse Model of Parkinson’s Disease. Journal of Neuroim-
munology, 354, Article ID: 577543. https://doi.org/10.1016/j.jneuroim.2021.577543

/NI B A R B NLRP3 4855 /MK 7 4 Ao AR TR ek 28 98 ME B 493 04 I 98 [D): [ 22478 30). &
A b R 25K, 2023.

AR, AR, TK/NEE, & RENXTMA S AR /N BB R B K- 1 2 AR R IR 3-Ea B AR I
HIREEAE A £FRIBEAL, 2022, 47(1): 27-32

Zege, FHIE, PhEN, . SkErS MPTP %S/ PD /NRAT A K PI_3K. p-Akt (Ser473)% HRIEE M [J].
RS 24244, 2020, 48(5): 14-18.

A ARSI RO R AN BT PISK/AKt 15 5 18 B& IS 75 [D]: [l L5Anie 5], BBl b =
25 K%, 2019.

DOI: 10.12677/acm.2026.162381 215 Il R 125 23k i


https://doi.org/10.12677/acm.2026.162381
https://doi.org/10.3389/fnagi.2022.828457
https://doi.org/10.1155/2021/9926445
https://doi.org/10.3389/fphar.2022.1022053
https://doi.org/10.3892/etm.2018.7120
https://doi.org/10.18632/aging.202181
https://doi.org/10.1016/j.redox.2020.101427
https://doi.org/10.1016/j.lfs.2019.02.037
https://doi.org/10.1016/j.neuint.2021.105221
https://doi.org/10.3390/cells8121576
https://doi.org/10.3390/cells9040857
https://doi.org/10.1038/s41423-021-00740-6
https://doi.org/10.1038/s41418-018-0124-5
https://doi.org/10.1016/j.jneuroim.2021.577543

EREBE, FIN

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

Dy, TR, SREE, 2 EPRIBGE 252 W AR/ BN 2 RN £ T KB B B RIAMEEm[I]. b
HE 25K 22253, 2017, 40(3): 241-246.

A0F. HLETSTIH S AR AR Y /N B i 22 BT GLP-1R 15 5 B 1 SEIe W 7E[D]: [l - 218 5]. i Widbh ey
K2%, 2023

Lin, J., Chen, C., Yang, H., Chen, Y. and Hung, S. (2017) Electroacupuncture Promotes Recovery of Motor Function

and Reduces Dopaminergic Neuron Degeneration in Rodent Models of Parkinson’s Disease. International Journal of
Molecular Sciences, 18, Article No. 1846. https://doi.org/10.3390/ijms18091846

Pak, M.E., Ahn, S.M., Jung, D.H., Lee, H.J., Ha, K.T., Shin, H.K., et al. (2019) Electroacupuncture Therapy Ameliorates
Motor Dysfunction via Brain-Derived Neurotrophic Factor and Glial Cell Line-Derived Neurotrophic Factor in a Mouse
Model of Parkinson’s Disease. The Journals of Gerontology: Series A, 75, 712-721.
https://doi.org/10.1093/gerona/glz256

ERE, SRR, EEF, . BREXEERRE DR AR R E T -BIE A K6 (5 T IREEHD] B
WEFT, 2022, 47(5): 449-454.

b, BRERS, BRZ8Z8, & EFRATMASAN /D BRI A 4UN FR-17 i AT «B (E5 @B d].
FiefEE24, 2022, 17(18): 2580-2586.

AR, VERE, Z0AME, S5 dEER BRI T R0 4 AR K R AR M IR I Toll FESZAA 4/4% BF kB {5 ‘51l
HISZI[I]. EHITT ST, 2021, 46(11): 929-934+972.

e, rhE I AR K LR IR R S T B IOREMD]: (BT (i3], Rt Wbrh B2k,
2014.

WAL, JR, D08, . HERXIAE AR K BRI B 26S B A B A K A% SR T «B iR EHRIBE AL, 2015,
40(4): 259-264.

M, Vith, SRR, S ST TR R b AR UG 9 A SR NA]. b PR
AT, 2020, 12(6): 379-382.

SRARTE, T, SKEIRL RIS AR K B 4141 MAPAK3/MKKAIINK SBES I, 2 BRIk 22
%, 2022, 45(2): 153-158.

LR, Frbu, Fikg, S5 BRI G AR R N BT R IRELa-ASK1-INK Gl B R EZIA[I]. H [ e 2
276k 2018, 33(6): 658-662+680.

Fih%, LR, EEF, F WS RFER KRB X c-dun ZERMMEGEM TNF-a. IFN-y. IL-18 HH
RIEWIFZNA[I]. hAerh 2242711, 2017, 35(1): 43-46.

MRIZIE. HLEX W G AR A A/ BB 5 22 e & iR T VE B2 IR [D]: [ L2 Ar i 3], JERH: T Hh R
K2, 2019.

Doo, A.R., Kim, S.T., Kim, S.N., Moon, W., Yin, C.S., Chae, Y., et al. (2010) Neuroprotective Effects of Bee Venom

Pharmaceutical Acupuncture in Acute 1-Methyl-4-Phenyl-1,2,3,6-Tetrahydropyridine-Induced Mouse Model of Parkin-
son’s Disease. Neurological Research, 32, 88-91. https://doi.org/10.1179/016164109x12537002794282

Wang, S.J., Ma, J., Gong, Y.X., et al. (2014) Effect of Electroacupuncture Intervention on ERK 1/2 Signaling and TNF-
o and IL-18 Protein Levels in the Substantia Nigra in Rats with Parkinson’s Disease. Acupuncture Research, 39, 456-
460.

TN, BIARUE, SRER, 5. AR IS AR /N B Nrf2/NLRP3/Caspase-1 i i# /i 5 1 4 A T A 82 m[]. &1 sl
9%, 2024, 49(1): 15-22.

XUHAPH, FOFERE, 25, 2. AT NLRP3/Caspase-1 J& Bt & AR A B 2 CLURAE 1 22 70 5 T I RZ ML),
EFHIAE 5T, 2022, 47(11): 983-992.

ERE, EER, BIK, & BES AN R IERAE & A LR ANOD H24k 3 15 Sl KIEm[]. &
HIRRF 7T, 2023, 48(10): 1041-1047.

mEE. BAHDH] NLRP3/Caspase-1/1L-18 {5 5 8@ % fr 17 2 EL LR #1 2 oo FINLHIAF 7L [D]: [l 42247 18 3C]. JRBA:
Bl P S 24 K2, 2020,

Guo, L., Hu, H., Jiang, N., et al. (2023) Electroacupuncture Alleviates Motor Dysfunction and Gut Barrier Damage by
Modulating Intestinal NLRP3 Inflammasome in MPTP-Induced Parkinson’s Disease Mice. In Review.

DOI: 10.12677/acm.2026.162381 216 Il R 125 23k i


https://doi.org/10.12677/acm.2026.162381
https://doi.org/10.3390/ijms18091846
https://doi.org/10.1093/gerona/glz256
https://doi.org/10.1179/016164109x12537002794282

	针刺调控相关信号通路防治帕金森病的研究进展
	摘  要
	关键词
	Research Progress on Acupuncture Regulation of Related Signaling Pathways in the Prevention and Treatment of Parkinson’s Disease
	Abstract
	Keywords
	1. 引言
	2. 信号通路与PD的相关性研究
	2.1. 磷脂酰肌醇3激酶(Phosphatidy-Linositol-3-Kinase, PI3K)/蛋白激酶B (Protein Kinase B, Akt)信号通路
	2.2. 核因子κB (Nuclear Factor Kappa B, NF-κB)信号通路
	2.3. C-Jun N末端激酶(JNK)信号通路
	2.4. 核苷酸结合寡聚化结构域样受体蛋白3 (NLRP3)信号通路

	3. 针刺调控PD相关信号通路
	3.1. 针刺干预PD PI3K/Akt信号通路研究
	3.2. 针刺干预PD NF-κB信号通路研究
	3.3. 针刺干预PD JNK信号通路研究
	3.4. 针刺干预PD NLRP3信号通路研究

	4. 结语与展望
	参考文献

