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Fig.1 Lipid metabolic reprogramming
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Fig. 2 Volcano plots of GSE6613 and GSE7621
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Fig. 3 Analysis of KEGG pathway and GO enrichment from GSE6613
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Fig. 4 Analysis of KEGG pathway and GO enrichment from GSE7621
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Fig. 5 Pathogenic factors linking cognitive and emotional impairments in PD to lipid metabolic reprogramming
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T IRE A T 0 LDs A OCER FUR R AL, IR
5 3 = G 1R B Y A9 TAGs K fi, AT i 1F
TAGs 7€ 241 il P9 B, [ i 8 458 48 0 S o A 3
FE SO FERARAZE RS, /N BT A A Y ST
TG ] BE R RE A bl 75 2 2 19 LDs & i Al TAGs & 1.
G RAFSE s, MRS rfe Al I 21 TIL-6 /KP4
JETFET, T2 P YA TL-6 15 5 3 6 ol R S 4
B, FFARZhRBET & W, X—IE RV
IL-6 7E 815 g fad Fe S A R g s 8h 63 i B 2R
FVER . 5 —Orm, IRBEAMURREE R,
B RIEVATT > F o WEGERM, TAGs & s nf
PR E E VAR RAETIRE, [ TAGs 1 LDs (11
FAP AN R AE O A . 5EE
FEEAIOAR L, SORER T 40 e FRA S 3
TR KT BE AL . AR AR, /MK
JE AN 3 e £ 5 LDs K FUR R s A s 2 (1
Perilipin2 (PLIN2) ik 2 L RRAE, T L
LDs & SRR o 120 ] 15 235 02 R 41
MoK 7 TNF-o, IL-6 5 IL-1p 4%, FEIHH I B (4
RFAL, IEAEA NG A A OCSE e 0 22 S M 3R
ik BRI R, ARG 1R

TR )z s AL, AR AR T AR
AW RN SR ST IA i ey s

g5 LTk, WA E 5 AR B G 2L AE PD
TER T — AR OCHR ) B A M 4 . R
SN, G DA/INE Jo 240 RS S A PR S I
N, TE PFC 59 By AN RIS 26 AH DGk X ]
RG] I S A AE RS ThRE UG, HEmT |
KRG SO S % M e - IR G
S H SRR IR, IRES S M
R R, Ik, #mLDsahds . RIEGS
iR B RIS, A PD BRIE A YT B
BT
5.2 SnifkTheebEfs SRERKBILA

LRI R D) RERENG 2 PD ZMRHLEI P AN S5
o ATHATSE R W] PD B LS Bk V) R i ek A4
W52 AR REAZ R Y. 1-H 3 -4-0R3-1,2,3,6-
g & Mt B¢ (1-methyl-4-phenyl-1, 2, 3, 6-
tetrahydropyridine, MPTP) f& %% 25 i< IfiL i it i i7F
ABGZHE, A8 KM Bl TR 1-F 2 -4- 28 L g
BT Mg 2 W e A M e i, T A i
B ZRE A, HmssaeEmARE . BET
FRASRIE . PR RAEFIGPESA S (reactive oxygen
species, ROS) FLHAFRGHIIL G, X SEHR L S 54
PD A HIFIIG 45 B f i) OC B L3R ', 5 Rl
R, R AR D RERR AT 28 filfbd £ 5 VI AE G,
AT I o A P AR Y e 7 A v B AR TR Y
KB, AU S HAR B A% X S w2 oo R B
I YRR AR S R AR, R LR A TR K
AARARTE T N R T, DA SRR - A
i 2, SRRIE R e B AL IR 25 . 3
SR S5 M 4 AR R ROS 2B N S, s
T2 L ) S AR SR T8

(HAFTE R, Zobi A2 At A g s A R Y
BT, FEARME N YRR B AR R T
LA BRFTN KA BT S IR 2 — AT
&N N R RN =y I e SRR S % A N s 1
3 SRR A ZE L Z WA ARG B UIAH T . 2k
Kifk OXPHOS fiE ) T F2x EAZIL AL FA /Y B 4 fbid
7, SEURRhE YOG LR, JFE X
Al HE— 2D I LRI 1, TR PD A1 & P
o —Jrm, SRARIER FA B AL 00T,
IREZ I 23155 KNG o5 15 4 A, AT fin i)
PD 8 & A FI R 26 B 15 . Zebi{k 5 LDs 38 i
“EAUR-LDs 4217 KA UIMEAER, 7EAEHRR
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AT, LDsorfilt a8k p b2t 7 FA R,
EAEEALRI ST . TAGs K g5 FiE, 5l
e FFA BN © . 27 LIk 2 Zobr (AR ) BE RS,
FFA ok A 3L, SBURRTEMR N T 5 E -,
P E &) 2 A E R AL . AMPK 0 1T
DI LDs Wi m ekt fe sl , I ad 9 2.1k
B A (acetyl-CoA, CoA) FRALIEEE FA [nj 2k fA
() 55 98 K B & AL . Perilipin F iE W B (40
PLIN3) "[{fH AMPK (Y, ZBifRib a4l
A5, fE U LDs 43 Hl & FA #%32 2, 7£ PD 1 PLIN4
FIR TR LDs A7, 4 SH-SYSY 41
MIFFIE 2, $E7R PLING-ZRi A [ WE4h o] BE7E PD H
RADIRE SR 1 X g B R Perilipin KA
BN PD TS TEA Wbn iy, (HHBARAE L]
5 i — L9 . 3ok, L WERE (cardiolipin,
CL) 5 o-syn RAFF IR G REME MR LA TR 7
IR BRI RE 2K AL . CL & nl 4 i 2
a-syn FEER R IRSMIE AL B AR AR TS 0 BRI
1) a-syn 5 CL A5 & 23 FELORARNTE I 528 B TR K
e SE AR B BE AR AT, X LI
FfEdE T PD A SRR B S—J5m, BRI
5 23 P BUFFA S CH: T 5 PR B AT A= ) 7 40 i oY
KR, XEfE I ] = YA U B BA
P, SR Lo AR 4 SR AT T
HEITROS 74 o 1K F B ROS 23 i SRR
B, A FLRREB LS R R, AR
AR TE TR . R T S AL, T
RS T R B, AR IR A2y
RERS AL H VBN /K%, FEAFFA. 76 feiiifs
() PD K BB AL, A5 AR HORVE AR A2y Thfg

R SRR DB A2, HAAR I ROS B
BTN ATP ARG . A H IRK - REAK A K 2k
PARE A S, XU &5 LE MR T PD i
M.

2 PN B 5 R AT 22 PR S S R AR SRR N
PLaLsh J2e Kl AW 2 Higte, SEEbAD)
REPi 1 TIRE S GO IE— 2Ll g BT B
IEINE FHER . PFC R B4l 2= itk — 24BN, 1%
10 DX AEAE M BERR 73 i G0 57 25 FA B 3%
“NR - MR AE PFC NRWTCR, +F
SR 2 B RE M 2 otiIR S, HESh PD IS 4
BRI R o 32000 ] PR ML A B BH Ol PD IR YT HR I
THf, SRR RIHE [ Lk AR Th Rk % S 8 AR
TR BORE R — R LE TR YT RIS

53 FEKFERESERRBEEE

FLIRVE FWEIEAR A2, 7 Warburg R0 8%
R ZHH I AR . SR, AR R
B, FLREAZEAYFIIRE, EAMUATENRER
YIS 55, E SRR T, 05
fF9nme, JHadN SFEARILRLERSS
FMBAL R 2, FEPDIISH, LT RFL
PR AR S S AR 4 DA DG o I R & B,
PD S8 BN FLIR KT 0 2 T B S s
2RI, /N = 2 ) S F LR T 35
JEJTT X% TH PR 2200k, BRI Py LR FUR
A REfE Tt 2 EURE M TT AR . AR, /)
SR PFC 85 [ 1 ZL R A0 A& 1 7K - A5 46 7T 52 i 28 fio AH
KEAYIBE, SCERMMESHSEHRCR, NiZEE
TERFEAT A 0 MR, O S ml B L IR B &
fiti A 23 FEUPFC ZLIR AT T I . P& T2 av k%
i, IFWERIMARRETT R B, RUIFLRRAR SN
AFFIE R E R B RE L,

KaFss £, LRSS 505 R 2 EL
ZaHAFE A HAE A . FLRR S e G R Eah
SR, MRS RERIEYTE S (55 S XA
AP A D RERRIE , TP R AH EAE T A 4R N 45
e LR /K S A 3 g 4100 4 ek A B 4801k 5 B FFA R
R, MG G 5 & AR B 5 ZR R ST s
FEff I, dF— R A, T “FLIR-HR
A ZE LB 7 — 7, FLRREYFLRE ]
BHERTIRIN A RS . BRI, NRIRR
FLIR AT () 7 i ] S 2B Y i 107 A Qs Ok Bl A g 1 01
F&, JFREARIME A IEH ) TAGs K 2%, X —3)
SR, FLRTReE s R UEAR sl B FnAE Ak, Y
4 BReACHPEAT, DOnEcE IR I RURAS . e
PEJE T, FLIRIA GBS S CDA'T 4 i I 8 2L fe 4%
iz H 1 SLCSA12 3Rk, 43 CD4'T XJ FLIR 1) 5%
B, T8 R — N 1E Bt L, DA 34 0 FA B &
B [FRE, FERAE RS, PR A AR
(FLIR V] UG s S oo, a3 i ROS A= %
DIBESE FA ARG R  BFil R, FLERAEEIN
il FA 19 B 484k, BEiREREE . 2 s CIaoT W
N, s s FLAR R R 5 FA ALK S 3 A
Ktk o, By s — PR s T /NI I 4EREEL
FRFRAS Y Z2 ML, AR 03 & BELER AT LA
1o 3 AP R AR I I PN FA K SRARE E B B AR
FE, A, FLRRIAREE A IS IR IR K |
T FA o3, DOl 19 FLIERKSE 2 o5 — i,
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JE A SRR 285 Py el A8 e, 25 o ok SFe 5 e LR 118 A4 i
iz SRR W EA FFABEAYIMNS , FEZepifih
AT B AL, PR KR ) CoA T Jit 70 A7 i g i N
% — #% H B2 (nicotinamide adenine dinucleotide,
reduced form, NADH). B¢, ik E I CoA FI
NADH 2 il P R R 5t S 52 S AR it e, DT L
15 TN T 11 % Ak R CoA i A = IR R 3 . HK,
NADH () 52 i 34 5 T 2k /& N NADH/NAD" (1
FAR, X —ZR Akl T =R IR IEA 10 OCE il
(BN SErriE R ) s, FECORRIEIR
(EEZ3E N M B e Y Ry 11 S N = 7 4]
LN IR TCVE A A AL, PRI o oK i
MR, w2, TEARNEAMNMHELT, JEnNERmR
PR FLIR, i TR AR B i

gi b, FLIRAERN B A R A SR — i 2
AR, iR A AR 2 B G XA I
AT A, ERRRRTEREE A TR ERR TG K
5tffE, NTERB T RIS MBS . 51 2%
AT, SN B T 4 B BE B IR S FUR ER A
555 . Wi, 7EPFCHr, FLR S MR B 5% I
E[E7 e P TR uE 1Kl =W R N i e B
R E S E RSN B AL . ZEPD Y, X
— PN T 22 AR 28 TR AR B i
I, P LI A o A A D) % vl ) 1 95 A4 i 2 Ty
fig, XF T [ B PD oA S0 A 25 B A 0 AR HL G HA
FEE Y,
54 EBARBESBIFSIERKEIZEEL

PD %O BRAIL I 2 — 22 SRR S IR,
HEZRINE RIS B AR a-syn 1 75 R
L NSRRI RERE AT, A FEEZ LRI LT
PIHEATHERET . FEARFRAET, HH REM a-syn
FZLE A F - AR AR A R AR SR, AE
PD Y, ZIRR IR T3 a-syn AW R, #EM
IR . H R AR VSRR I T . 4
JLES R AR ) AL . MDD BB AR AN T2
HEEARE, OF R RAE RV 5 RAE/IMAE
() S H O, T U2 AT 55 2 1 A AAR e () ) %
PEIEER 4, BeAh, WS N, PD Y A LE D) RERE
5 5 R SEE A A A VA OC @ HREERE,
1 5 FEAIG a-syn 25 129 o 22 S R R AL B 238 7KF
PR A OB 1 1 R 3T/ A U AR DA 1F
W, BENEZA AL MPTP 175 5 1) PD /) BRI 19 42
JESIEBRE T o X R, WK AR REA A B
T E A PURERE, W n] 58 N2l PD AH Y

MERFATEIR B BEIR YT IR mE 1

PD i [ BURRAS AR 5 A - BHA R 2 )
RERREAR B UIAR DG, X —id 7 5 IR A ZE LA e
BHIRZIF R . — 7, FRIrE i EE A
I H W ERATIRE, S SPUELA0 MG BT
H WEIRESZ 112 T2 LDs Al 5 8 H SR AR MRS R AR
R T AN E A ] 45 LDs R & A
YER, BHAFARMELIRE . BT IR R 4 B B 2E 4
FIA EE I, APTE MR TAGs . TC, #ilg
K CLAFAR BRI, JFR AR Goh AR5 At s
TR TR4T 8 2 1 B PN 5 D R B R AT 25 | 2 A T )
b QO R N5 =i = = ) AP 4 11w | 1 L3 5 BT e
SR EASEH AT, [RFFAS TCHAK, &
FHEUBF S ERE T Hioh, MmERAE R —Fh
FEAENR, AMUC AT eI R G R, TRt
FIBSER S 5 E AR IR . A HARBLE] A
SEaA, (AT TE B TS F ke DU 21 85 AR 2 1k
SHFETE, RUIMEB A A v Bl e 2 A )
B X Ji—Jri, ReBu Qi st s it —
A, JHEHFE AR . 72 PD A i
THEEMA M, FEIEE (membrane lipid raft, MLR)
YE AR 5 & TC A AR Uit B, A& A
J57 - A B AH B AR AR T B A 0 W AR ROA
B ®, fEPD ', MLR 41 ALK A4 B E MR, i
o-syn LR IESE S MLR K AERERESS &, 456X
HIEH e i 2R EE ', AR EN, I
JAR R ZE AL vl A SRR BOIRES, TR R
W - AH o B A ) i FRER R, TR R
B, Rk A RAE . NHTEW
FFA, FRAE AR 52 A1 TC vl 5| & N 5t I 33
SRR IRERG, RIS BRI & R X
S Yo BRAh, B BAL R SR AR STz R A
JHLRE S 240 b 25 A ) A B o, A B sl S A
5, s ERACE AN IERITE . Rt g
/R A

M2, TEPFCH, ST S S ALEDIRE
T FEF 33 LDs S5 HE R M AR B e 3G 0 . 5 k[
BF, e BACIE AL G o 22 MLR 4544 . 15 & g
BEPE L A0 YT A GRAAR T RE L R S 3Lk
PR RTAFZ AL, B RLnIE] v D) BERE AT S
JRRRA A, AL [FHES) PD i 2R 17 LY
PR . XD - ARE-IER” GPETE R
PR, FEXF AR PR 5 A W AE SO B R E )
wn, SEAKIE PEC R AR BiRR AS B 5 [ Wi 40 i 25
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PENR BT AR R, W HE PD AR 25 i A 16
SR BEHAT PR BT 7 BB R TR

6 F0@ A5 B = B8 T PDIA KN #1015 44
[(E2

FEFHTR BRI S Sk AT Es S, nTLA
TG A 3 T 2 R 7E PD UK 25 i s B
W LA SCHEVE FH o T O A 2 A7 30 3 5 il o 28 4%
iE . LRRIARTIRE . AR S E RS S L A
#, 53R PD AL S LR, Hit, £xigl
JLRE A I R Y s T R IR TR, ANUHA
AR A PRSI, X CsE PD AH SN 5 1 4 B
LA B ACME, ARG R T B A Y
JiTal
6.1 EREMBREMEFRRIFERE

FEPD Y, P4 S 5 g B A K ELAH B AE
21, BT —Fh A RBCR B EEA : — T, 182
PR Z GORE T PR ELAR AR A, b K N o S o 3
FUSAREHE B s 75—, MR EL L aE
HE—2E MR 2 RAE N, TNl 2 oo 5
PR IR . R —EPEAEER, H A 2 T B AR
s PD AHOCHE AR 58 i OGS, @A
BBTR T, WP Rl e BEAE S5, E T
YRR BRI B A A, o PD A RIS 45 i 4
VAT PR AT L

FELGHT R, 2RO s 3T
J1o B, AR DR N PPARaE SN, 7E MPTP
7531 PD /N B RS IR 4% 2 T e B P 22 T i A0
P ROS i & 774, G A RAE RN, FT 2R
PD /N IDABFEAT Ry, SRR 25 & il 2 (R P 1E
7 BRI R — R B R 2 O ) i 25 F AR
Y1, 5T s HREAD . PD M AMAIAE 126 P AR
RO o FEME AN AT TR R AR SR BR324
YL AT IR A 2 RE . KR ML E TR T
K ALZARFWUBRER 32 AR BYIGE, I8 Sk
FPP L K-, R AR LR SRR T T
MR 2 5 S R R R 1 IR NG 25 S 1
PD K RURBEAY i s il R i 7R, RERE R % PD Y
FEIRFHNARRERS , JFIER 2 S NE P AR A O
FRER 7S ok Sep oY L R R, 3 A 2 T
ZRAE . 3% PD IR IS ELA Bk SEZE PD
HERE | SRR ZAE PR OV AEIRY T T B . TEAT R
SR HUZ0, SO BRI TAR L E AR 2
WAYIE A W25 P 2 A e . — ke

PUIGIRIEGZR B, R4 T R AR RN H N RE A% 1 2 1%
i PD B IMLT P IL-6. TNF-o 2542 48 40 i K 10
KAV, IR Bs et A i S AR AR 7 Sy —In
AN, KT T R RN GRAN AT 3 58 K ki
DIREMI 2% 1R SEMAYE, 088 T MR G2
RN AR SE KRR AT, AT R AR PD R Y
FEIR . VAR B B IR e A S5 A 2 AR 7 A,
Z IS 7 TR 1) 2 A VR YT PD IR
Zh A IHLT

ARk, ZIWFE—8RM, RS RAE R
;-5 21 T A B G S L R PD B 40k A 5% i
KW, TSR (U PPARa I hH . A
PERU) B A A ) R AR2 TR (Cansifin, K
e, FAHSE O, WA 2R mEE s
RAE SRR, IM4E £ MR Re M 2o Hif |
WU A N PO G2 A DG SRS IR o 2% b
e, I RAE FIR A 2 SR, 45 A 2 B
517 kTR, N By 4ESE PD J B
&, ohF R AR GE S AR ER NSRS
BRI RIS SR 7R .
6.2 HELLREINEEERMERRHERRE

BEEL AT e R 5 e B QR T E BUCRIR
J7 PD [ E BRI . LORAAT REREAT T 2 BE 20
SR FAEAN T, AR B I R AL 23 5 | R 22
PERR AR S RAE, Wi A E N, JEF D)
Pt e, HATAoE R, a2 g oy T
U PRI AR, SEmi R LR R YA
B fEIEFASRAE . D IR B S A IR I ] RRE I
N, AR 2 CLRRE R 2800, 23 PD Ay #f
ZoRE MR o X — IR PR S S PD 1 24 53R
S PR TR

T2 T W20, CoARILEE 1 25 H FA &
G R ) R, REA% 0 G A MR T Ak
FARTIRE . BFoT &L, TP CoA FR AL 1 7]
RETRA R . AT TAGs fI TC LR, Jfl
1 ¥4 7% AMPK-PPARa-CPTI1A il %12 ¥ FA %A1k ,
NI = R NI S = R AR G /% 0
filE A 3 I B TR AEL AR PG S R il 1 (acyl-CoA:
lysophosphatidylcholine acyltransferase 1, ALCAT1)
JE—FiEAL CL & A B vE TR A BRI e B, 5
LR 2R TR B VA OC . WS KB, FEPD
/NEUSEAL R, ALCAT1 % AT 35 i 2k T g
SR, AR R MPTP 51 i b 28 B3P A 22 12 R
MZITTHIFET: ™, YT H (i B S0 R S
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RIETTREN) B RO RS RARZE /15 . P
g Bt AL R R, PR 2 B B IR H A . I
Gh, SEEGE— IR UE T R R FH AT E AR PD /) U
R HA7 Z 07 s 2R3 R . BT T 2
CURERE i 22 DT AE T RIS Ml P40, 34 e i 3 22 PD
() PRI KAMARREA T 0 AT S A BT
2, 2 sl RE 2RI6YT Bon B s 2R
. 10 B HUEHLE 3 T RS B 35 JEE MPTP 175
ST PD /N S R 2, IRl 54k
IRIIREAHSC Y bR R Rk, $Eoniz 8 n] Beid i
8% ¥ 2 %/AMPKU/SIRT 3 J% & 4% bl 28 {5 47 4
FH B S 4 S B D HLTI 50T DL 3 R 2k
ARG 1 DL B AW R A AR DG B R B TR
KA, TR B 7 A DGR L Rk AR AR B
1A E AR KR, il MeE Lok R ek 2%
fift MPTP 15 51 PD /N DI REFR AT 2. T3 AN Aot
L IF BB MCE R AT RE, KR LR IARR A,
R GARR I IE F IR . Bk ] DLy
PGC-10-AMPK-SIRT1 [ ik, & 5LRiktY %
A BRI EAMCE A 1. LR RSN 7/
LRRR AR 1 1 B K, DM RRER R sl 2
FasgErk, TG PD ) & AE FIERE =,

g T, XS — R, DARIR-IE
J A AU () 225 5 RIS, AP 325
PD Z ER BT, WAEIGIRATIFIE PR 25 G
A BRI RE S AT o R AV 1, NI & PD B Y
BAIRYT T AR ML T SR A A 1)
6.3 IBEZLEKFREMBERRGFERE

FLERAE Ry —Fh S HE A AC M rh R RIS 5 2 7,
FEZ Pl AR B B R vh 4 i A, AR
RTEW, IRANS SheEMN, g .
PR LR Ko 20 B R38R A AR D IR E T, AR
FHBLEN e 22 ARG Sl %, e [RIpete
A B 7R TR R P

FELRRT-FZ 0, AF5E R BLFLIR AT 2o 55 53
ML HERR %3z o A6 N8 17 40 M- P9 Bz 4 i A 355 5%
B, FLRRREASHE R P K 41X FRA R ICRN 5
MR TT, 3Kt v 8 5 3R SRR s 0 B
AR I TS GPR132-AMPK {520 I T e, X5
A LR TE R A S5 v 1 g o o i rp LA E A
™, EMERG Y, LREBE ZE R
PRI Y)fe. 7EPD BRI, SIRTI if 1 2 £ Mk
AP P i g M2 B s, b R AR AR, i
P A TG AL ' MR, 7F AD FIRJE

INHIBER AR ARG FL R ol 1332 21175 2 1 Y
VLR T 1 T A 3 SIRT 155, et 5 fph vl
AV | IR E AR IR S RE, BN
RERREAT ) R egE SR FL R N [RI BE Y 5t
HA X R . #hFeAMIEE L-2LER ol 5 R0k
02 TH A R RO A A L RR MR, I
SRR, PG X R AL AR . 2B
AT L _E 8 AD /)N BRURE TR i 58 b 75 40 58 Ml R 1 3%
K, HRURE RAEATEEE, FEEGE A IRE B,
AT A 52, 8RR MLz sl i
T e 10097 LR A AR MR LR M 1 o 22 L3k
A, BEUGE ABL-42 R WIS S AD B Zh Y
INFIIRE, JfIGomig S oG A 3RGE, Xk
LR W] BE 212 8 R A AN B BLA I 17

g LRk, FLRERRe R A A 55
F, W ZE RS S RiEEE . RE, B
WE AT 28 GPR132-AMPK i AR U AR B it 5 16 5 2%
BRI ARk, B T SIRT1-PKM2 Sl 847 FL R
Az B S AR 2 G B SO, BRI M 5 ik T S 5
ZRIENRR . 2D LR AR AN ) A R BEIA B
RRLE A TALE], KA PDIASI R 45 B VA
TP AR S RN . AR % ) B LR
£ PD AS[R) B B (0 HARVE AL, LA S X a] i 7y
RO (R 20 MO R S RN 28 S SR E T K
HET T 2R R LRI LAl
6.4 HEREEQRBSMERRIFERE

PD A 25 B A A VA T SR s LE 2 T SR AR T
AR R TR A DA B R o R ALk — B %
Jrinl. Az AR, B PR A R A S AR AR
WS A E AR TE, TR A FRAELE W EEIEIR . AR
Pr& i o-syn 1) 575 RAENUN F1Z Z-HE ABHA R
Gi R H -V AR B RE ), BT RIRM
ISR, UG LDs & BRI A Bk A R R K P
Thwr o AR HE— 2 il & P28 9RE S A5 AR AR
B, B SHEENE PD A EL RS AR . fEE
G L IR o

T2, 2R KRS Pl R 7 o
THLH L EIRITVER- . B, 7EPD Y, BRAERRRR
TS AWESl, SRR IR BT AL . dERERT
FALBE I R G IR 9ORE, NI £ Bl R
Mo P, A AL EAE PD B R R B £ 2
WA ER . EAURRIEIKE IR HEDT A i
BTERE ) . FEARAR B Al = K, vt T
mTOR & 1B, A B FREEMLSITTRE, &
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A WE-ISBHA R G 8 A R e, A AL
] a-syn B SRR, SN 2 B e 4
JCHIARPT 0 BAREAE N TRPVI ish7], it i
1% PPARo {2 #E G B, JF2: H1 PPAR0-ATP6VOE
1-V-ATPase {5 5 i 4% [ -V BEAR DO BB FRE A%, 2k
EAD NFIRIL Y, BBEREAENRRR LS
S5 DReRR Yy, I BOE BB R R 2 AR 1
AMPK #igfk, 7 PD T ARIEZ HRPEH . W5
FW, BEEAEEE AMPK/mTOR i i/ 5
) A WETE T, fRUEERTR X a-syn (U5, FIERHMBE
ST REBRFG , 2 0 PGS MPTP 75 519 PD /)N
U A AT D RE R 2, 7EAT 5 AT )2
1, FUEERE sl Bos AR AR S A iR
YER. CAMIREI, & Y02 sl mT LS P9 W
RN, H PLIN I FA Bz (1 263k, T
PEiE LDs AR . [FIRE, 323 nl ASKTS A, AR08
Bk B UE M FE R AN o-syn S SRR PE R AR IR, 4EFE
PEToRaAS . ISR, TEQI0IE NS/ BRAR
R 5 R R ARME AR PFC &5 AN X 3 % 3k
IF B R N AR S IARREAT N R AL, SR,
AMPK il 551 1y it FH AT 58 4 T R 55 R 25 1 ki
ZRORAPAN, 3k R I R R ] R L U E AMPK
T R AR TR . 10 JE 1 LS L
A 42 s3I MPTP 75 5 (1) PD /) BURE Y 22 5 v (1Y)
BREKY, KWz i SRR E S S
5 /0N 5 440 B 384T AT AMPKY/SIRT 13 %, {2 ¥ PD
IR AR 2 S Ah, AR5 SR FH I S 72 TR ot
AT PD B E MK P SR RS a-syn KF-
SRR, MRS REFEKT-5 PD BH NI
FEEARE R R E T, AU R, &
JRE 2 nT 3 2 i Tl AR A& AR [ A o-syn (1 R KR
AT o-syn (R BRPE R AL 5646, RIEMLLE
PHERT =,

i L RTiR, BB R uEE R, BRITCHEE
BL5 [ -1 BHA R S D RERR AT LE PD IA N RIS 25
A& A S R R P IO (. B PR B
W PME T, Joie s R b A ks v
FEOCHEME R, EENES . BT T
SCPL A BpPEAT, YRR 2T . 2R
PRI T XSRS SRS AN B Tk 52 4 s
Uitie . RUFRRIARAS, B RBIRFS P4 SR A AN
W, NTITCGEPIAR . AR NS R 1S B AE
o B, LIBBACIE- A mEh 200 i 28T 1
Felg, i PDINFIFE L BRI 2E G PER iR 1L T
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The Mechanism of Lipid Metabolic Reprogramming in Cognitive and
Emotional Impairments of Parkinson’s Disease’
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Abstract Parkinson’s disease (PD), the second most prevalent neurodegenerative disorder worldwide after
Alzheimer’s disease, is pathologically characterized by the progressive loss of dopaminergic neurons in the
substantia nigra pars compacta and the abnormal intracellular aggregation of a-synuclein into Lewy bodies.
Traditionally, the clinical symptoms of PD have focused on motor dysfunction, which includes characteristic signs
such as resting tremor, rigidity, bradykinesia, and postural instability. However, increasing evidence from both
clinical and basic research suggests that the clinical presentation of PD is highly diverse, with neuropsychiatric
complications representing a significant and unavoidable aspect of the disease’s overall burden. From the

perspective of clinical phenotypes, the range of neuropsychiatric symptoms associated with PD is extensive,
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primarily including depressive disorders, generalized anxiety, apathy, impulse control disorders, and cognitive
impairments related to executive function and memory. Notably, emotional and cognitive dysfunctions often
manifest years prior to the onset of motor symptoms. This clinical observation indicates that the pathological
processes of PD may originate within the non-motor circuits of the central nervous system (CNS), particularly in
neural networks closely linked to emotional regulation and cognitive function. As one of the human body’s most
lipid-rich organs, the CNS comprises lipids that account for approximately 50%-60% of the dry weight of brain
tissue. These lipid molecules serve not only as structural components but also actively participate in the formation
of cell membrane phospholipid bilayers, myelin sheath insulation layers, and various signal transduction
complexes. From a functional perspective, lipids not only provide the structural foundation necessary for
maintaining neuronal membrane fluidity, synaptic plasticity, and ion channel activity, but also act as essential
molecules in energy metabolism, signal transduction, and epigenetic regulation. Notably, the frontal cortex—
particularly its evolutionarily specialized prefrontal cortex (PFC)—functions as the brain’s “executive center for
cognition and emotion”. This region is pivotal for higher cognitive functions, including working memory,
decision-making, and behavioral inhibition, as well as for the complex regulation of emotions, such as reward and
risk assessment. This region displays an exceptionally high synaptic density and is abundant in structural lipids,
including unsaturated fatty acids and cholesterol, which makes it particularly vulnerable to disturbances in lipid
metabolism. In PD research, lipid imbalance has become a central focus. As investigations progress, the
importance of lipid metabolic pathways becomes increasingly apparent. Simultaneously, pharmacological
therapies aimed at lipid regulation show considerable efficacy in addressing cognitive and emotional deficits
associated with PD. In light of this, the present study utilizes bioinformatics analysis to identify differentially
expressed genes in the peripheral blood of PD patients, demonstrating significant enrichment in processes such as
chronic depression, cholesterol metabolism, fatty acid metabolism, AMPK signaling pathways, and insulin
resistance. Expanding on this groundwork, the present review systematically explores the connections between
dysregulated lipid metabolism and metabolic reprogramming in cognitive and emotional impairments associated
with PD. Through the analysis findings, intervention approaches focusing on various fundamental pathological
pathways such as neuroinflammation, mitochondrial dysfunction, imbalance in lactate homeostasis, and disrupted
protein homeostasis are suggested. These proposals provide innovative perspectives for advancing mechanistic

investigations and therapeutic advancements targeting cognitive and emotional disorders in PD.
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