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Abstract

Objective: To investigate the multi-target mechanism of acupuncture for Parkinson’s disease (PD)
using text mining, bioinformatics, and network topology. Methods: Literature was searched to
discover active compounds produced after acupuncture, and potential targets of action were pre-
dicted by STITCH and SwissTargetPrediction databases. PD-associated disease gene targets were
screened using the Human Gene Database, the Online Human Mendelian Inheritance Database,
and the Global Protein Resources Database. Cytoscape3.10.1 software was used to construct pro-
tein-protein interaction network maps of shared targets, and gene ontology enrichment analysis
and Kyoto Genome Encyclopedia enrichment analysis of shared targets were performed and visu-
alized by DAVID database, respectively. Results: A total of 114 gene targets related to acupuncture
for Parkinson’s disease were identified, and 65 pathways were screened. Conclusion: Acupuncture
therapy for PD is closely related to stimulating dopamine secretion, reducing apoptosis of dopa-
minergic neurons, regulating 5-hydroxytryptamine metabolism levels, increasing norepinephrine
levels, stimulating neurotrophic factors, and alleviating inflammatory responses.
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1. 3]

4 4> #% 7 (Parkinson’s disease, PD)& tH ¥ 88 — KANZIRAT M, Hom BEASAE 2 A\ A4 A fivg B8 5 200 % 35
(SNpe) I £ LI (DA)RERIZ TEASTE[ 1], WFFTE BT 2016 4E43Kk PD 3 Wit A BN 620 73, Eb 1990 4E4%
M 118% [2]. HET, fEREN N2k, AR R, FEEFER K, FRIE PD K& #Hi 3],
PD MR RIS ENIB L% BAE . &L R LA AT EF ISR DA A RE . JRREE , INFIREAST . 1
PG AR AS S AR k. H AT PD AR HLHI A B, B FC R B AT e SR, e R
PR . RRAThRER IS G 2 N R R[4] [5]. Al EE DA B4, W HT%M PD iEZshER,
R 5 o PR gk R AN A3, FLIR T AR RDZ M2 IR HL 2 RO AR . LRI . B ik 45
ANRIB[6] [7].

EHRIVRTT PD JT A, REESIREF G T R8T [91 [10] [117 [12]. AUREALAT I 7L B 41 R m]
DAEHE o- F A% B 00 [ T R, B2 SNpe H DA REMPZ TS, FFRTE PD /N RIIAT NAKE X T
ZHNIRE[8]. —WIMPRZEZE A MTHRH, AFIMEN R ITIE SR GIRIT LS G 00E PD EahER[9]. £ Tk
IRIRIAR AR, £HRA B T2G% PD B iEaliR, KARSARERINE ST . . ERAE, s
®[10] [11][12]. &HH4IFTiG PD M7 0, EHALGIMRE . £, EE5XNEVEES MW
PN RIS SE T, PRITENRIYEYT PD A = ZE R XA FA AL

][l
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2. EMEHE
2.1. XEkEER

EXI A, BAIRGHEEER TULF 8 N E: Web of Science. Cochrane Library. Embase.
PubMed. CNKI. VIP. CBM FIJj77 e i, AE IRy 2001 4F 11 H~2023 4 11 H. R I7 =08 E-

” &« ” &

1A #2152 18] N “acupuncture” “manual acupuncture” “ electroacupuncture” “Parkinson’s disease” “central
nervous system » o« %I_ﬁ” » o« w%+ » o« EE%I_ » o« maé%ﬂ%ﬁ » o« %Eﬁ%ﬁ » o« gﬁ;ﬁ; » o« EP*B: » o« EP*IX*‘? éé/%
gjﬁ »” 13 EFI *B:/%é}ﬁ »” R

2.2. PNFFHE

ZEFECEENRYT PD HIBEHLA RS ARBEHLATIE PR AD R R0 S sEit: AT A0y
LR AT IEZIRTT .

2.3. HERRARHE

THOTEORAEG Sk BRI DUSR R U sl AR S o s Bt AR A AL SR
PERIE T s ARSI BT IR B 7

2.4. XHRTHIE

MW AAE S5, RIENHRHES AR R AR, RN SORASTHER . X TEN 53 R 4 B0R
oy, BATEE RS VIR R .

2.4.1. $RIENGEZEFERSHERERTFIE

M STITCH %4 (combined score > 0.95)F1 SwissTargetPrediction % #z & (Probability > 0.1)F1 315 %
% (Dopamine, DA). a-7fili#% & A (alpha synuclein, a-syn). 5-#2 {0 }1%(5-hydroxytryptamine, 5-HT). 2% H
B I B 2 (Norepinephrine, NE). i {4 #1255 7% [A-T-(brain derived neurotrophic factor, BDNF). yp-Z2& T &
(Gamma-aminobutyric acid, GABA). J8 ¥R L [AF--a (TNF-alpha, TNF-a)f1 1/ % 1 (Interleukin-1, IL-1)%
8 AN S T 1 o T CE /R B A it EXCEL 8 & 9F Bk 2 MR R R ARG £EH, 1521
TEAE I s

2.4.2. IREFRFREREFBSHTFIE

AWFFELL “Parkinson’s disease” JKHIAIZR | GeneCards HHfE . 43K EE A ¥HIFEHE £ (UniProt)
HFELE NS i 82 7R 10 A% 25040 P (OMIM) A3 21) PD BB 2 R4 i, ] EXCEL #A& JF ik 3 N8 e
Mk R4 R 28, 135 PD B [RIBE S0 12

2.4.3. §HFI3T PD FEXE0 S0 IR

BRI EETERC LR 5 “PD SRR U PR PZHEE SH Venn T A
(http://bioinformatics.psb.ugent.be/webtools/Venn/) 4T A 04k 73 AT o 9 4R £ 1) 22 B 34043 B 11 PD
PSR AT fFTH Cytoscape3.10.1 32z PD-VE MR 7 — LA $IE A0 4% BT DL B fff ol 7 A ()3 PR o
EPS 1 Wewd P

2.4.4. EERMEEERAMSNGE

B S EAE 3] STRINGIL.S (https://string-db.org/cgi/input.pl) ¥ & 85 (4 - & [ H.AF M 2% (protein-
protein interaction networks, PPI). L% A (Homo sapiens)VE YIRS SFEH, 3KEILHH S K PPI %,
WaE R EN Cytoscape3.10.1 BAFHEATATRLAL 734, LAJEAE (Degree) {17 sl B ZEVE I T 2O SR bR, T
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FH CytoHubba Ji {714 tH PPT P45 (1) Hub JE[RI#E 5. Top 20 A #E 4% Degree HE/7, 1ENEMHIGIT
PD HJSCBEHE

245 BEEAFLERRERAEREBNES S

R4 DAVID %4 27 35745 364G ¥ 55 1 3L [ A& (Gene Ontology, GO)IZhRETER A BT #R L R4 A Bt 41
(Kyoto Encyclopedia of Genes and Genomes, KEGG) & = #1 5l , $ A\ SRplot
(https://www.bioinformatics.com.cn)%x i) &5 F H 45 AT M4k

3. &R

TSSO AR R, RGN 58 B SCHR, TREH 24 MHIRAITE Y, Hoh DAL a-syn. 5-HT.
NE+. BDNF+. GABA. TNF-a. IL-1 ISR AR &, FIREXS PD 697 A 2L 13]-[20].

3.1. SHRIRTTIRERBLRATHE

i 785 285 TR R A SR S 1 B 23 BTV FH B 6 1R 257 A PD AHSRIE[H] 2997 Ao #5 N R IE AR AL b AL,
g3l 257 AMEFH S 5 S0 (RIVE CE A F#E SR 2997 A PD i R HE s (M B, 31T 114 AN AT
(BT, BIEFRRGYT PD MR ITRE AR “HHR - WIS - FE A - B 7 BAEMZE LK 2, B
INIUTGARRIE M 57 AL EMEIE T ARER Degree MEHE4A T 25 M AERE A, 15 AR AR RIBERE S,
WESFARERGYT, HORKTRARERMERN, WRMEERZ, AR BRI, Eias7 P
RIEMAE 2, Hd DAL a-syn. 5-HT. NE+. BDNF+. GABA. TNF-a. IL-1 #Ei5J7 it el G
R REAIER .

3.2. PPI MERIBN S5

55T STRING %4 FE#G #2 PPT W25, #h4h70#r )G, 18 Cytoscape PIARAL, ) 2c Bopdips 55 15 A, 3t
IR 80 NI AL, WG SIIERECN “Degree” , R LU LAY 552 M HIAE HFERE, HJ— A EHE
TR EAE R R Z T, Degree ik K. NGFR & K(12), F K& PLCGI (10). APP (8). CASP3 (8).
DBH (7). COMT (7). MAPKS (7). NTRKI1 (7)1 HLA-DRBI1 (7), V£UWLE 3. Top 20 #%-Co#E x5 $5 A2 FE HE
FEuEE 1 fizs.

Parkinson's disease
no acupuncture

Acupuncture

Figure 1. Intersecting targets of Parkinson’s dis-
ease-related genes with genes related to active in-
gredients after acupuncture
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Figure 2. PD-active ingredient-shared target network diagram
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Figure 3. PPI network diagram of Top 20 core targets
B 3. Top 20 #0882 PPI 4K [E]
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Table 1. Acupuncture therapy for PD core target degree values and names

= 1. $tRIGTT PD LR EER B IR

HEFP & {E (Degree) LISy AFR AHRTE ) T
Nerve Growth Factor Receptor
1 12 NGFR , L = DA
N (R KPR T2 1K)
2 10 PLCG1 Phospholipase C gamma 1 Gene (B /igHE Cy1) DA
Amyloid Beta Precursor Protein
3 8 APP S SNCA
(B-TERFERTAREE )
4 8 CASP3 FE MR A EA R B -3 TNF-a
7 DBH Z Mk p-F2 A NE+
Catechol-O-Methyltransferase
6 7 COMT A DA
QLM A r FR L e 72 il
Mitogen-mitogen-activated protein kinase
MAPKS s S TNF-
7 7 (LLALFTAL R 900 8) “
Neurotrophic Receptor Tyrosine Kinase 1
8 7 NTRK1 . e o e e DA
(M2 E TR AT ARG 1)
Major Histocompatibility Complex,
9 7 HLA-DRBI Class II, DR Beta 1 TNF-a
10 6 CASP8 FABR AR AR RE -8 TNF-a
11 6 DDC Dopa Decarboxylase (£ EL i 2 i) DA
12 6 CASP6 PR R A R R -6 TNF-a
13 6 SORT! Sortilin 1 (43#&EA 1) DA
14 5 NTF3 Neurotrophin 3 (#1475 72 K F-3) DA
15 5 MAOB Monoamine oxidase-B (| fZ 4 1L/ B) 5-HT. GABA
Amine Oxidase Copper Containing 3
16 5 AOC3 S DA
(Fr R A AL 3)
Neurotrophic Receptor Tyrosine Kinase 2
17 5 NTRK2 X e P DA
(Mg IR 2 A I IR 2)
FYN Proto-Oncogene,
18 3 FYN Src Family Tyrosine Kinase DA
19 5 MAOA Monoamine oxidase-A (FLAZELEE A) 5-HT
20 4 CNR1 Cannabinoid Receptor 1 IL-1
3.3. GO #1 KEGG E&EN#

GO 73 Ml LA 3 AN JZ I [ BEEEFR D e, 73 A Y0 #2 (biological process, BP). 4HAEJ %) (cellular
component, CC)F14 T fiE(molecular function, MF). FLAHE51) GO 7 #rah B n15 5 628 A4t
2, HABP H 411 %k, CCH 97 %6. MF F 120 %, #%[-logl0 (P value)HH KEI/NEIIGFE, 43 AIHUE %

BT 10 K EHER, WK 4.

76 BP KV, TRINEE 5 E S B btk id . 83T . G B ARG S BB S e i e
£ CC AFEEA T B A iR 7« o AN S J RS A B 254 s 72 MF JK°F, 4h T DhReAEAH [R]85 1 45
B MEBFZARIETE. 2 ERREE A5 B AT LEE K (K 4).

A S E G2 KEGG @B 65 % 14 5 B T ER A1 KEGG & 41T 20 K45 R . KEGG
T IRV R AT M LR S 2 A A TR A Th REE B, R T L AR T - 2 R S R T
AR . 2 DRSS A(E MK, BE5EE. cAMP S5k, K 6 B4 TI1E AT
Parkinson’s disease i & 7 i) 4E H o
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chemical synaptic transmission
locomotory behavior
G-protein coupled receptor signaling pathway, coupled to cyclic nucleotide second messenger-
response to xenobiotic stimulus
positive regulation of MAPK cascade @
adenylate cyclase—-activating adrenergic receptor signaling pathway ®
excitatory postsynaptic potential
regulation of postsynaptic membrane potential
response to amphetamine
memory
integral component of plasma membrane —logyo(pvalue)
plasma membrane
postsynaptic membrane 25
dendrite
integral component of postsynaptic membrane Q 20
i pse o
presynaptic membrane
axon 15
neuronal cell body
glutamatergic synapse 10
identical protein binding
neurotransmitter receptor activity
ligand-gated ion channel activity
peptidase activity
dopamine binding -
cysteine-type endopeptidase activity o
glutamate receptor activity
cysteine-type peptidase activity
transmitter-gated ion channel activity involved in regulation of postsynaptic membrane potential
dopamine neurotransmitter receptor activity
20 40 60 80
Counts
N — I/ BF /b e N NS=] 3 S NE=| = '—b%nﬂaﬁ‘ h=n
T B K EEAR R ZIE RIS RECR, BUEACR-log10 (P value) (0 i o U s SR A% I &2 35 Pk L o
Figure 4. GO analysis of potential targets
4. BEESH GO S
ligand o
Apoptosis
Dopaminergic synapse
Cocaine addiction
Tyrosine metabolism
Amphetamine addiction
Calcium signaling pathway | |
Serotonergic synapse ogio(pvalue)
Glutamatergic synapse 25
Pathways of neurodegeneration - multiple diseases 20
CAMP signaling pathway 15
Neurotrophin signaling pathway 10
Parkinson disease 5
Phenylalanine metabolism
Apoptosis - multiple species
Retrograde endocannabinoid signaling
Nicotine addiction
Inflammatory mediator regulation of TRP channels
Gap junction
Pathogenic Escherichia coli infection
0 10 20 30 40 50

Counts
e BUARRR K ERER S SR ZEE BN EREREE, R logl0 (P value) Bk ) & G2 B B 25 PRk

Figure 5. KEGG enrichment analysis of potential targets

& 5. BEE LK KEGG EEDHT

DAG Calcium signaling MAPK signaling
) pathway pathway
i N
. Ip3 y S\
&8, Feo) oA N,
CRTIK ) / \ IP3R ”\l“o MEKK1 ) — ( MKK4 )
N 1o )
| v
(CsNea ) ( Ras ) () — Apoplosis
(cam) — " capnt ) CcAsP12 )

DAT

¥ NADE

Figure 6. Schematic diagram of core targets and pathways
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4. i1ig

WA 4 2005 1 B T LR S REREAS, FEIR AR —4IAN RN R R A T, RS s B)
R PAT 7 T RS AR . BRI S, i h 2 EUR AR 2 70 1 R 3 E T mSCRIR (AR 4
MG ARG SHES, PD BERISH, HE 30%E 50%% LA Tk, HAEEEKHEmL
ELRZREAR R TR SR, T Ak e e AN/ Bl A A ME S 80T B/ PD Ig s R, Fritbz 4, PD ITERY 72
W S 2P AE SRR DR s A FAE F o AR SCIE T AR5 I8 2% 48 P 424 R i 7 BE 55, T ET 69T PD.
T = 1 B A A R B A5 5 i

AW ik Al PD S A OIS TEY R £ %N DAL a-syn. 5-HT. NE. BDNF. GABA. TNF-a. IL-1.
o-syn [ 5 5 47 & AR RIS /2 DA B0 OGHERI 22, TERUL NI S R Th e IS S5 15 DL T a-syn B4
WIS E TS, A L a-syn GRS DA 4ifi 2 546 BAI/ER[21]. NE M1 5-HT BE#HE LRI T 5
JE R MEFNARAR DG, v - B2 - I DA 12 REThRERAG W] LS 3L PD AR AR AL 55 S5 JRE Sl IR
[22]. 5-HT #2450 H& B2 B30I R B K. PD B 88 & A& ot B AL EBE S RN 5-HT e
KR, FECP IR S-HT f& SRR FE 7% (23], 7E DA BERPE LIAEG . /M RIAE Kl
FEH, BDNF K#EEEEEH, R TWHEITUKE B 5T PAKIE RS nT BT E7H H[24] [25]
[26]. 5-HT 5 BDNF Z [HJ/#7EH, BDNF A] DU & W40 P15 5 38 Bk 3 i 4% b i ThRE[27]. GABA
SR E R INH ML, GABA AEAPZ TS DA REMIE U YIREE, fERER AT 4% Hh sz
BEATRERA R 1T[28]. BDNF 520 GABA BRI CIREL, J53# RIS R R Z BB Mt i
2@ 3 BDNF WREPEALH 5 R Z0H1[27]. 4 RGN AR Z WA SIEN S L F MR PD 400
TR EEAE M, TNF-o. IL-18 S0 776 PD B4 SR B h R EEEEH, FEERIA
1E PD 3 DA #& T H AL 2 HIL[29].

I SCER I R BRI - AR MOGTEYE R ARSI ESE AT, PPI AR EAEMIZSEE R
R, £HRITT PD A LA, MBI S, EHRITTPD 5 114 /NESUHEDC, oA EEE R 20
ANFEAR, 10 M5 DA R, 5 A5 TNF-o A, X S5BEASCHERH DA 5 TNF-a 7£ PD R 1) B Z4E
FAAH—3. NGFR i T#%08E A6, FHA PLCGl. CASP3. MAPKS8. COMT. MAO %4 s fEAZ 0
#1054 5 KEGG 18 % & &£ 0 H .2NGFR 5 PLCG1 /& DA #He e[ . 4 4 KK 132 48 (Nerve Growth
Factor Receptor, NGFR)R) p75 #H£ 8 2N 124k, 2 EEE ML KE . BDNF SIS Has
RSB IZ0, E55 P0E & UG ML T & 12[30]. WHFR, NGFR/p7SNTR 454 RLAE
5| R R TS S IE B EE[31] [32]. NGFR A DL R84 K. 40 8 BRI S fenT 2844 (331 3h4)
SEGRW, 1A IEZ B S E RS A R R, ZHSCIRA - NGFR B30, F¢5 MK 8ok 4
NGFR 7KV R ARH 132 2 B8 A5 14 5 f6e 1 7T 38 INSCHR A 25 46 1) mT 8 14 [34]

T8 JIE M Cy1 (phospholipase C gamma 1 Gene, PLCG1){f A Parkin ¥ 8, 15 KW & Kk H S
H5WAEFRE TN FHMEcH IR, S5 KWK E ML #[35]. PLCGL )54 R A0S H
FEA MR T, AR . SAREE AR RS BRI [36]. TEAS(S Sl h, REAKR TS HE F2 ik,
WUE PLCG1, B0 25 H it 2 (DAG)AI 1,4,5- =M UIEE(P3), J5#&# 5M M L1 1,4,5- =T =
WAP3R)SE A, 85 il BN, R E S NI T & MAPK {5 5l %

TE T A B 7 R 5 RS R T R A, B AR AR AR T R K A R R B I -12 (Caspase-12)7~
AR PETE SR KARIEY, B Caspase-3 5 FANMIA T [37]. Caspase-3 5 3 T2 &l 7E 40 jE A% P KiE
DNA &5, TR EMRBRZIN, 5 DA L IeibT- B IMK[37]. WFARRUFTE DA fE
L LR R AR HP R B O E T, 30 Caspase-3 FOUBE AT FELIE DA RERFEANARIAT:, RM XA K IE
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X} PD YRITAFE ) B IR A2 [38] .

22 4 yE AL ER S 8 (mitogen-mitogen-activated protein kinase, MAPKS)E[l INK1, 7& JNK {5 518K
(1) 2 EE 5L K . MAPKS8 5 Caspase-3 3372 TNF-a i3, TNF-a 7] L@t Ha-Ras JEAE 77 20B0E INK
WEK[39]. cAMP #1H] TNF-o 5 510 INK 3516, TNF-a 35S 40050 T R H INK 351, Bt cAMP 7] L
5P TNFa B SHIAMIFET:. cAMP {5 585 INK MSSEEE A 40T, BER1L c-Jun ATRES K
iE SN R R BN 5 PD R B VAR IK[40] [41]

H A A B (Monoamine oxidase, MAO)& —Fi 8 K & 18§, 734 MAO-A & MAO-B BFIIERY, 4]
SEATELRBARAME HI N S-HT AHOCEE, JE4 DA (9t AR SHC EZ/EH . MAO-A B0 Ai /e ) L2
My REA 220, MAO-B I = B2 034 T w4 I TR A R AN AL i RE A 2 e b o T2 2 I I8 B (%% DA E58T
R R AT & eH S, DA # MAO-A AR B VMAT2 $E R S/ rf, 80 MAO-A 1%
P, SRE AN 5-HT BIREE, AR YT AR RAEAARAE[42] . $RXEIHE DA BET il i 4 o B T 40 )
DA ## MAO-B B, Bi# ) LASEy-O-F 3 46 B [ (Catechol-O-Methyltransferase, COMT) 234k, A )5
gtk . I ARAE 2 U ERE S Mo i T 2 AFLE, U2 LT 5 A0 AT S Ak T AR S 5 DA AR
[43]. Pl MAO Bt COMT R4 i EB A28 HR X i DA BRI, TEY7 1A 4 A% I R /R 2 BR IS

GO 3 M4 R, EHHIGIT PD PEFMLELE 28 A2 S, 255 @80, SF 2y
2. Hrd BP ZHW K& G EAMBCZAE Sl (hEsmfbis, XS5MaESEih, Ca' (G5 mgs
PIMISE. 16 CC K, ¥ KRR Ml 5 15 5 S 208 ARG . ARWFFLH) KEGG & &4 HT 4 Bl # i s
ERADERRE R R, RPHANGTT PD 52 WL Rk, MEEFRRE TEE. cAMP 55@E. 5
B9 SOEMN TR,

zi BRTIR, AT N A AT fEiEE NGFR. PLCG1. CASP3. MAPKS. COMT. MAO Z&oci i
RORVAT Z ERZRER Ml cAMP {5 5388 BE 50K, SENRE, MM DA 7, B> DA fg
MIZICIET.. 8 NE M 5-TH ARSIKF. BN &8 7= R 7R LAY PD. ARBFF LGN T 4HfliG
7S5 NAEF=AE ) 8 PG VEAIT,  FoAh & A AT 75 3 — P B R A2 R A SR B0 50E, I BBk = 0P Fe 25 L)
AN SEEGIRAUE , B A RT3 4 RIS VR (0 20 Wb K I AR BT RN S0 bT , 82 SR N IR 4240

EERITT D@ A RN, T I AR S, RIS IRFEE . 2R ARERE S, AfiXS PD E
WITVER . BHIET SR TC, SBVAEYE BEMM IR0k, ARG YT PD R pLE], A
EFYAYT PD HIFERESCIGHT PRt 7 BRI, ONIRIRAEF S ER A T T 1A

HEemE

b R A T LA BT T R T (2020Y0ZX0134), EE ARBI R EFER L LT H
(82205260).
SE ik
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