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22 (prefrontal cortex, PFC), YERNKIKAY “B
EHATE”, EFEEIHAMSELE Y RE.
FEEP, PDHH PEC I n-3 Fln-6 RIKAE L A
FUR TR & it R, ARSI 5 = T
XTRRNG, E—2EWF5EuEse, &t 5 2 IREE 45t Y
BEAP g BT AL % 8 &k AT PD Y B BB B
I 221 B LI FEAS TN 88 141l I B A A A 7
A8 ) v SO AR L - ER IR TS A TS, R BLRR
Jo 38 4% D) fig B A 7E PD kA ke rh oy i DG B AR €L
BARINE, WIR-BEEHA R ZDRe 58 MR 55
& AR X A~ 55 PD Jg 3285 DDA SC A A% O i AR 8
Bl I e BE M T AR B 8l ) A RS B A . aRgh
R, R B G 25 AL AT fE /2 PD Y 31 B0 LAl
Z— " AR M EE R BT S RO, X
38 IR T A ISR KT S A ARE AR i DI R T
TR . @R, BENTR (fatty acid, FA). H
i = BE (triacylglycerols, TAGs) FlI & AH & [
(total cholesterol, TC) %5 Ifil fg 7K 5 I ABSE IR A8
PR AR A O, I HX AR A T
3 S R RAMARAE i Z () R BN 2k 7
1EPD IBIFFE Y, i o V-7 1 2 080 328 9 1R T 9 1)
i, BEEAHCHIREAWITR A, BRIy
FwEMEH N, [FEF, DR A 2 )
IRIT RN, 1E I X PD AR RIS 25 B 1)
EITR BT, ASCRET IR E AR
X—tz.0Wl, RS R TZ 5 PDIANH 5 1E
LERERR PR PRIERE , FFERIT LA R SR B RA T
SERSE
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BRI D5 0 . RERL A FEFIAE MU =
1 T BB AEY) 1, Bl AR 5 G
H2EHRAWT R, Bk M2 PR a3 T LA
YER BRI N 72 5 PD R B . WFoE 3k
B, YANAEAL TR AR BRI S5 A TR, SE St
1 H FA AR A i FR ik pe & 7' i #E PD
FA MK G . FARMSIMNERA . TAGs F1 TC AR
R AR R A R, ERE X PD A A A

R A RTINS 4 A B AR LA T
o AE B I, 3 R B D5 23 O i O i S FAL (free
fatty acid, FFA), 7E4HMIIN, X6 FFA AIfELsEmg
AFWA Y, EAIERT, XS AR IR
MR SE R, FEm TR RE, R FEU
MIBET

ST B AR ZE LA B T, iR S B
—FpPRAP AL, BOAR BTAC g . AR g AR
DI (=E411): RSNV & ol N RO Nk L3 N 2 O 3
21k (oxidative phosphorylation, OXPHOS) Fl1j§
AR AR, LR FL s i i R AR
(mammalian target of rapamycin, mTOR) . I %1k
W) WA 18 B W) 4TS 2 A (peroxisome proliferator-
activated receptor, PPAR) . i %1k #) Bl 14 1 5 4
PG Z Ry I35 [ F 1o (peroxisome proliferator-
activated receptor gamma coactivatorl-a, PGC-la) .
22 BALEE 1 (Sirtuinl, SIRT1) FIBRHFER TG L
B4 (adenosine monophosphate-activated protein
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L, PD M TAGs ATl #8A% 1 TR
2, MLV P 7K F- 1 TAGs 208K % PD ik
FEA —E R ER . wigsdt—20 R, I8k
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I I 240 L ) 5 s B A R SR L VT [ ik
AR PD B A ALt S A5 TR, o B XS
A G B2 TF IR T R NS B e T H B e g
fift (1)



XXXX; XX (XXO

XME, % BERAEEREERESRFBANTEEESHIERILE 3

nE 1oL

wzs (0D

SR ERE

FHZR AR g
Ebﬁiﬂﬁﬂﬂ% I BEERE
ACSL1 T AOTED N
§TTE?M SEAEE N,
Omega-6
E“E&WEA A REE > R
4—@ DREE
E‘Hﬁ&lﬂ“ﬂfﬁiﬁh Hh=E
itk MGL
m@ﬂ
H

BE#&

H —
—f =fg Perilipin)

GCT) G

T IRIAERERL, P,
. 1, et

Fig.1 Lipid metabolic reprogramming
Bl BERREERRE
H Rwiiie s i U A A SR A s L G o . L8 W ) D AN v AN & AR [ e 3 RS S X (D R 8 B 12
BN B —Fh E P23 B2 . HDL: &% IR (high-density lipoprotein) ; LDL: fili# #IE& 1 (low-density lipoprotein) ; VLDL:

W AR NG 1 (very low-density lipoprotein) ; CD36: i

4 K512 (cluster of differentiation ; s 1HPEEZE (reactive
RZRBEW 2 (cl f diff 36); ROS: JdHMEHAZ (

oxygen species); CPT1/2: BRFAEEEFFREL/2 (carnitine palmitoyltransferase 1/2); ACSL1: KEENREECoAR il (acyl-CoA synthetase

long-chain family member 1) ;
AGTL: B8 Wi H i =16 B8 Wi 8  (adipose triglyceride lipase) ;

MGL: Bt H s 5 (monoglyceride lipase) ; HSL: i 25 SRS )7 #§  (hormone-sensitive lipase) ;
Perilipin: J5 % 2 %% &6 19 ; Omega-3: -3 2 A FIJE AR (omega-3

polyunsaturated fatty acids); Omega-6: -6 ANMUAIENER (omega-6 polyunsaturated fatty acids); PPARo/B/y: iz 8 Ak 4 Al ARG 5 M 38k % 52
{Ra/ply (peroxisome proliferator-activated receptor o/f/y); FoxOl: SSKHEZEHO1 (forkhead box protein O1), T {2k,
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FHOCAMARAT R BiR P AR AL TRl a5 =0 SR, H
i SCT M 2 A i g g A )l S A A7 A
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JBE S TB) B i S e A%, AN R e 22 I T 4 P AR Tt
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H T IRARIE PD SR A Z B C R, A
C M GEO %4 % (https: //www.ncbi.nlm.nih. gov/
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PD FE R gt B Xt A8 25 1) A/ ) I R B B Sk 4 R
A, RHRIEF, savi combat BREET T ALK
RN, FFEE A limma 0% AR U il AT OE |
BRifEAl . log, SEALARER , AR AH I Y F 530 B S
PRS2, DMBESETT RS20 0T RS, DA
log,FC[>0.5 H P<<0.05 i ifehn ki 26 H 22 55 ik

-lg(P-value)

I (differentially expressed genes, DEGs) .
GSE6613 % #la Sz 4L L 1 446 1~ DEGs, H:H1PD f#
HRAR AR 219 R [, 227 AR
i GSE7621 24 1% Hi 1 659 4~ DEGs, PD & Hixt
TR B 773 AR B, 886 A LA TR
(K2), ZJEHTHRPEAI (gene ontology, GO).
AR S E A AR 445 (kyoto encyclopedia
of genes and genomes, KEGG) %t #E &, f# H
“clusterProfiler” 4 % fifi %k H (1 3 [W] DEGs #E1 7Ty iE
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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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S T ) AR 1) ) E T

— 7, BRI ZEELAE PD E ARG 1Y
KA RFEZAEH . HRERM, TC., ¥IsMH
NG S I IE 7K V-5 PD (N FI DI RE Z (R A7- 7 i 2%
FHOCHE 22 ltn, SR SR RIR NI PEAS & 21T
fli % B, TC. TAGs MK AR & I EE (low-
density lipoprotein cholesterol, LDL-C) 7K-F-F} &
A SEKNNDIRE TR, Hri, TAGs fl
LDL-C #0225 D\ R0 s A 1 0 A e s [
R P X —RBAGE] T8 A 116 4] PD B & B
FEMHE— D3RR, TS 1IN S PD B Y
TC. TAGs. LDL-C 28 B EFAIE, /R IMAgK
ST REELAT VR R PD rh A B fick RS TPAd A4S B Y
YRS, (EA PR P DL
E, BREAE SF T ReE s R e A . TR
LARARTIRE . R FLIRHEAR A LI ALE A e S
i, W PD RN DIRE. lan, 7EAD T, X
AP TBL Lo TR 3 Iy i a1 bl =1 2 (A
RIESGICHAR G S, 7 A 2 5T ilf—
UF AT A RO HUARRENR O8], TR 5 RAE
FNG BTG B VA OC AR S, DTS 1 4
K AD /MR AL AT > 2Ry, B3
Pl AT DA3E i 30 mTOR RYBERR AL, A 2 phes &
N FANB Ay Eawved il NS L AN & HEZY 5 62
5, HEZE AD JEAT N R0 RS 5842 T R 1Y
KA P

Ji—J7 1, ReBTACEEE SLAE PD fBE I 245 R fi
M RA RS AR . PR, IERAIER
SRS 2 R 5 22 AL REFE Br 1 i 38 DT
X%, 45 TC., LDL-C. & % B g 2 1 RE [
TAGs LA & ©-3 ZAMEHIFA S 7 AN, WE5Ek
B, TC. TAGs FIHEHESE 13 R i ik F 5
PURIR IR AR R R 2 W A, PR FeE R
i K A v 5E S 5 PD AH G 1 25 B A5 119 g BE T
I R I, ARAE B E Y] LA FFA
WP B = T IE W X IRZH ®' . Omega-3 FA [ i
FPIRREE, P SRR AT M R
RG], RIFMELRIVER, DA S
ABREIR B0, AR AR TAT, P ) R R 4 e P
FA EALSUE 57 S 55 a7 3 ki, ]
REAA RO I ARIE IR R A B Qi S o 3K Bl Y b 22
AR R, SR MGE N 2 RS B 2RI
W MR Z IR SE T AR A 2500 5 PD 1% 45 i

ZIEACEE . BAE, — I m i IR A 2
(A58 o, PD ARG HEAE . H Bk hE A
5 [ AT A ) S0 1R 30 RIS K A B ks,
B T HRGEWARW I 2 E— 2o LB,
FEAAER B E T, LDL-C /K- B 35 & T {at e ) ig
H U R AR %743 5 TAGs. TC & LDL-C
PR IEAHSCE, B0 T MARHE bR S 40AR & Az B ™ e
FERER IR ICTE  IbAh, —I0ERXT 67 41 R
B3S2 0 B e /s T I RS IR K- S AR . £
FEEFRE R BAEA R, AR IR AL S
PRI R, TR A AT B T
FEA WAL o X8 R IE e by 2 A XTI AR
WA AL T AR SR W 29 5 T U SR B0 AL
Wil fBE R, DR B 3 00 0 R AT B A i 41
AMPK B2 fk . 3458 mTOR MR AL, ZEMim &l &
W, FEUNEHIIVESAE BT XS5
~, BRBUIE A i e AR A 5 R IE R,
Y] fE I A L AR TR R 2 S At
i, ZHEHBERNLE. HIK, 5 AMPK/
mTOR {75538 % LA 20 g B F Rt sl o 1 e
FIRBSERYT PD I 45 Bd i v 7 S 1,

g5 LRIk, BR AR ZE AL 5 PD R A AN
T UG, AR MM RAE . 2
RRDIRE, AWK b3 RS SR 1 5 i it
i, 5 ZRmAsRErR . R K AkBEIR G B
fiti 3p {5 =38 . PPARy/PGC-1a Fll AMPK/mTOR %5
SRl AR D OISR BRI T
Xof PD AH G A ZAE ARE PR BRAL TR B 3L, o A
IR B . SRR R AR S RAE R . ST &
AT R MR AL T IR, HEsh T
fEFEIRYT T AR 2828 S i) FBT A 0 o
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Fig. 5 Pathogenic factors linking cognitive and emotional impairments in PD to lipid metabolic reprogramming
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fEH . gk, PDH, X — WA 2B MR . RREE
PR S O IRES BRI/ N B 4 L Fn
Ji o 4 B A A [ S A B T RE SR T, T2 S
5I3fmEl PD B E Z A s RS ORI R AE 5 R
Ji& BT RGP A R, PD T ARl A AR A
1T S HUAIFEE 1 SAE SOV AFAE 1 OCHK . 9845
GEIUEEAR T, ANE R AR R e R AE K
KA TR, anfkIg R FER F o (tumor necrosis
factor-o,, TNF-a) . F1/r%-1B (interleukin-1B, IL-
1B) FIF4rZE-6 (interleukin-6, IL-6) %, 5PD
SRR R A0 ™ AR B S IE ARG 2 XA OCHK
AIREYR T RAEA BT 2 e . 5-F2 (iS5 B S ph
B RGN TR, DL AT B R 2

FEPR T AR, AL A AREET T 1 2
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PD i SR B AL o i CREVE o Rl an IL-
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ZI0 L 22 BAE R, L [R]R) B PD R 1 0 P 1
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TR B8 I 240 1 1 S S T 51 & i o A o
T2, Hor TAGs AR ZAE 8 7 4 28 58 SR 473 i
TREA O, M, BN, B
WAL B R ERAEGA S0 LDs HIE R RS, I
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0 NG 105 H i =R AR T A 50 TAGs 7K i, DT
P2 TAGs TEANMI N AR IR, [RIEHJR 9 285 B i FY
JE O KRR R G, /NS 5T A ALY SRE T
I 0] RE R RE PR R % 235 19 LDs JE i Fl TAGs & .
G RAFSE R, MR b AT I 31 TIL-6 /KP4
JETFR, T2 YR TL-6 15 53 Bl R S i)
B, FFARZRBET & e, X IR RV
IL-6 7E I8 15 B ik 72 S A i Ay 3 D LA /g
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FAPE A R AE O A . SRR
EEANAEAH L, SERERIECT 40 FFA M — BT
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LDs & 4 BUAHMOIRES . 22540 M R sk R 28 20
Mo R 7 TNF-o, IL-6 5 IL-1p 4%, FEIHH I B (14
KRB, IEPEA NG B A DG HE PRI Y 22 e M 3R
ik P RR AL E A TR W, SRR 51 K
TRERACR ) 2 shASEA, KRB AR R A%
i AR I3 B 1) S A AR

g bk, Mg e 5 RR B G EE LAE PD R
TER T —A~ B9 CHRRY A IR 45 PHZE R
SE SN, LA/ INE BT A LR TS AR R0 08 1 2R i
MRS, AE PRC 551 E AN I 26 AH K ik X rfr ]
SRS Al SR S A E B S ThRe S|
KAIGE SN 3% B AE- IR AR
S A H BT RPN AT IR R m IR, IREES S5
WAk & e, Bk, #m LDs s, RIEES
R PR A, A N PD R AR T i
M
52 ZRIAThREFER S FRRE K

LRAR TN RE RS2 PD &R HLE A AR S 5
Ho ATHANTSE I PD B AL 5 Mk D) | b 2k AR
Wk 2 A IRINREZ IR Y 1-H 431, 2, 3,
6- P & At B¢ (1-methyl-4-phenyl-1, 2, 3, 6-
tetrahydropyridine, MPTP) g% 2F o Ifil i 5 & iF
ABRAZL, AE R R i Tk 1-H -4 ik g
BB 2 (R A R B i, T LA il i
2RI a8, SR ERE . ST
AL M RAENIEESAS (reactive oxygen
species, ROS) RGN IH S, X LLHR = T
PD A HIFIIGE 45 e d i OC B KL 3R 1, 5 kRl i

W98 R BHSRR T RE AT 5 S il B A B WIAH G, DA
T 00 e 220K R R 0 & 8 7 e i AR BRI R
BRI rh ARSI HAR B A% DX Sl o o 22 e 3R BT
iR ES TA TNy A A e N DB 2 A N T 28 by NS
BRTER R N TR TR, DA b M-k A
fab it 2, JLEDE RS R PR GSH . XRhS
W 4548 E ZH A Bl ROS A i 2 & 38 n, it gl
A E AL ROKT

(EAS TR AR, SR A2 4 i g E A gt
BT AN N BN AR G R e A%
DR, TR A B S IR — il AT
iR D2 AR 50 380 A i o 1 o A Ty R e
55 i B ZE AL Z MR B D) A B . 4%
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B, SR E YO E R, JR#E X
Al — 2 TR LRI, T PD 1 45 B
o —Jri, ZRARIER FA B AL .0 0T,
IteZ BT 23175 K N8 o5 B A O, AT Jn i)
PD [N ARG 2 bt . Zekiih 5 LDs i “Zkr
-LDs 411" RABYIMEAEN, EEBRET,
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FAL N B R, TAGs KBk FiH, 5lE
FFA BERCI I 19 25 e i F & 2ok R ) g R
FFA I AR, SEURRERN S SR,
s & Z AR E g AL, AMPK S T L
P{H LDs VTS M Zbi AR RS 8l , il 41 i Z k4
fiti A (acetyl-CoA, CoA) FRILIGGH FA [ 2k fA )
BE3% B B4R AL Y. Perilipin 5 1% % 51 (101 PLIN3)
AI{E N AMPK ()Y, Zmiffbi gk as, it
LDs 73 J FA #%3z 2", 4% PD 1 PLIN4 %35 F
AlE /> LDs IA7E6E, $i SH-SYSY A Y776 %
P&/ PLINA-ZRi A 1 w2 v] 5 7E PD R A= ifig 5
B X gk HAROR Perilipin %A B8 PD Y
WAEAYIbREY), (A EAAEFPLHM R — PR
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AR RS G BB R R I S B VI IR ks
RIIBEEAL, CLIA R HEREYE a-syn FEL R (AR S 5
Ih KA F R E TS Y HERITE N a-syn 5 CL %5
G o TR BT IR, 25 e A
WO RE ARSI, X SEHLH L [RMEHE T PD &
SRR, H—Jrm, IREARETE ST
FFA K H B ARAT Y EAIE N R LR, Xt
BT B =AU S B R RN, RS RE ED
SR RN 5 A RIS, B9 ROS (1774
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T K A — RV R RT3
53 IE/KERESEKERABEEEL

FURRAE M BRI (271, 7 Warburg 5500 #
B~ Z AR IR . SR, AR
W, FLREAZE AV, AT NRER
WS 55 ME IR AR, 40
fFonrma, N SEARARLENSS
TRV S, EPDAFSEH, STUEH I REL
BRI S S e E AR S WA O IR PRI 9T & X,
PD B B H FLRRAKOT B T B Shsis
UE—3 B, 1) /)s BRS04 5 1) TR S LR ] 3k
LI X i TH FHPE e Temk >, $2 ik 9 FLER FR R
AIREME IR R L AE M. S A FIERI, /)
B PFC 25 11 Y 5L IR AL 46 1 7K 128 Ak AT 5% 0 2 fish 4
FEADIEE, MR AhEE i SIEERR, I
TEBFEAT R B0 AL, RN Stk il ok 7L 1 ot
fiti A 2353 PFC FLIR KV T . e 24 dr M %
fiX, JFWEROIAAREEAT R B, R LR ST
ARFIE R ISR B CHE,

KA R AR 0 SR T R aL =2
A7 B BAE . FUIR- S R B A s
W, MRES BRI S (5528 S TE A4
MgR T RERRER, TR B HAEM AT N, =R
KAV AT A R A B- 4L T B FFA TR, TR
JEAR I 5 5 5 | 2 110 T I AR ST 498 AR T A
P, R UE LR AR A, TR “FLIRR-AR B AR

FERLEPEERR” BT, — 7, FLERAFR R AT B4
TR A T o, BRI, /NEIRNFLRK
- T AL R N A IR S O RE R IHAE, O
AR I 375 R PRI £ TAGs ZKF B¥ ix— IR %1
FLRR vl REd L (e HENR B sh B M AL, IR B Rg
PGP, DT B i T e RFUIR S o A S il 1
H, FLIRIEREIS S CDA'T 40 [ LR 55 ia /6 1
SLCSAI2 ik, /5 CD4'T X AR HEEL, ¥
L — AN TE A5 [T, AT 3G FA #9562 (A
FE, TEME RS, M B A A A LR FT LA
s B Te, Gl ROS A N LANE 3 FA &
B AR L AR LB, FLERBRIEAN ] FA (1 B 4
fe, BEORRRER . ma T s, iz s e
FLIR TR 5 FA EULKT- S BLAAHOCHE Y 3
SRS T /NRUA N GERrFLIRFSAS I 2 AR
TR, AT A B LR T LAGH o 5 4 P R ARG 44t i A
FA 7KV RAR #E H B BACHHAAE, Ihoh, TR fE
T I VO PR R R S IR LA I FA 43, DT
PEATFLIR K 2 y—TJ5 i, BRBTACSPIRAS 1y ek
A 25 SO R LR A K Fris 5T s
[ FFA JEA AN, fEZORiiA b e T B 4afk, 7/
K& 1 CoA FI A J5t Y A Mok fide Jit 12 0 — % 1 T2
(nicotinamide adenine dinucleotide, reduced form ,
NADH). B/, iR CoA FINADH 2|
T 22 5t St A2 AP T 1, DT BELA: P R 2 16y
CoA HEA =JRIRIEFS . HUK, NADH R R 3%
P TR AP NADH/NAD Y HU(E, X — 284k
il T RGBS A SCHERE (BN SR
SlE) MIETE, SECRBMRIGHMER R T, h
T EIRACIRE R, Ok BRI 02 Wy DN R R 0
YA RAML, NmE P RER R, R, feFL
TR Sl EAL T, RN ERR A oA TR, &
BCFLR A S 2 G

gi b, FURRAERR A A R A —Fh iR B
A1, T TEANM Iy UE BRI 3w
e BMAE. BERERETERRE SR T RSN BT A L
S, MOTLERE R TR M e . 51 S5
PRAR, 800 B T4 B BE B IR SRRy S A
555 . Wi, 7EPFCH, FLER 58 FCH 5%
ARSI AAAE, TR I AR . (2 G Al
IR E S B RS AL A B2t . ZEPD
X —JEA AN T 22 L e R P 28 JTIR A8 R i
PR, 2R LR AR A a0 24 Hh 015 B ARl 14 2y
AE, XF T [ B PD AR 25 Rt i AR B 2 A
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54 FABRBRSHIRS5EERREEEL

PD FAZCof BEAL ] 2 — 2 2R RS IR
H B TR IR T & 8 U a-syn 19 55
AN PRI RERE AT, A TR MR 2T
MEATHERET . TEAEFRIRE T, FH BEM a-syn
FE T [ M-I AR A A SR SR, A
PD 1, B YIREZ I T B a-syn AT BB, i
IEGSREHERR . F A BB Z A AT, Al
i 28 R SR ) BRI . WD R A AN (T 3
AREEARE, F PR SRR RV 5 RAE /M
(1R S BTG, T A 28 R 15 B P AR o R ) ) 0
PEARER [, IeAh, WFgE s, PD Y E MDD RERE
5 (s IR L e UG (=, (HAR R,
i 1 FEAIG o-syn 25 129 13 22 E PR B R AL (1 235 7K F- |
P T AR OB 11 1 BB 3TV/TAY LA DA f2 a1
Wi, BERSA R MPTP 5 511 PD /MRS Y (1) £5
JEEMARRRA TN o IRV A WD RE AU Bh T
SRR R R AR, L] AE M PD A SC
ZR AR LAY T R [

PD R (B RS IR 5 -V AR R G2 1)
RERERE BIAH G, X —id R 5 AR A S ALAEAE
BHHRZINAEE R . —J7 1, FRIT SR A
I E A E AR DD RE , W 2P mL 4N i B o -1
Fl IS REAZ 4012 T3 LDs A 758 1 3R SR RS [ 1
Fo IRITENE A ] S LDs K& H A E
YER, BARRAEME e, PN T VR 20 P g i AR 4
G FEG T, T4 MOKE TAGs. TC. #ifiE
F CLEFRRIFHTIR, FR HAR B LR RS AR
AR R T 25 B T FE PN I X P B SR T 5 P I X i
W, WG ARYTEE AN, PE I R
SRR AN RN T, RIEFA S TCHA MR, R
SERR S H R T HAN, WA BE R —Fh
HEENE, AL ARTESE R AR, AT
R RS SR AW U BARYLE A
SEAEANR, (HEFE A WG AARSS A8 rhoke I 30 9 8 2 g
OYRIAETE, R B TE A rE AR T RE A T
RBR o Sy —Jrm, NREAC S s e — 2
HWE, HEUEE iR, 78 PD &t f i
WEEMAM, KIS (membrane lipid raft, MLR)
YE R AR MR L& S TC MU AR i s 3, A
Jo - g 5 AR B AR BRI T A T B W AR R
B ZEPD R, MLR 48 KR WA, 1 a
-syn DB IESE 5 MLR & AE R s A, 4B

HIEH e BCEZ ', HAMREN, I8
AR ALIA AT & B ERR RS, TR AR
W-VRRE 53 B A R oy FHRER R, SE TR R
Fitads, MR MR AR E ™, LSRN
FFA, 5240 RIS 17 R AN TC W] 5 | & P9 Joi 19 7 384
SERATIRERERT , RN A SRR A
SR || ) NN 1= e B e e P = A I |
I AT B M A A B S, MO B B v B R
Be, PR E A SCE A BT S . Rtk Kk
R

M2, TEPFCH, AR RTSS AR
TREN] FBLDs 5 H UL R R 5L
BF, B B AL SGE AT S MLR 4549 . i & R
Ea N e A WO I ES % TR L DI AP W& Rl /B e
VAR AL, BRI A v RERERE S A
RS A, AL S PD #l 2R 7 B Y
HERE . 3 — DI R - A R T AR E ER
PR, BRI S F RS G R R, B
IR PFC g AR AR sl o 11 Wk e 410 i 3k N
JE YRR BT BE R PD D HURNE 45 B B 367 S 4t
FLA IR 7 (0B B T TSR s
6 HEEERRKEREETPDINAMNIELE
(=R

BT RORBAE 28 5 SR BT as R, T LI
T AT B 2 FE A PD TR 25 [ fish B A
UL OB E T o R A 3 2R A 3 o S e b 22 R
iE . LRRIRITHRE . FLERICI S & A R SR £ 408
B, S5 MBIPD M EES K, FHIk, £xt4n
JHLRR AU SRS s T R AR IR TR, A
B S AR, X 2k PD AH DG 5 15 24 b
i HAT LA A, ARG R T IR AR Y
Tl
6.1 SBEMHMERAEMIERRSEHEZLEPDIAM
TIFLEPERS

TEPD ™, PhZAAE 5 R B R 25 iU B A4
TERL T —F AFRBOREEIRIR . — 51w, 18 M
ZogAE T PRELAR FUACIHARAS, AlR Mg ot S HE AL
AR 3 —Jr i, BRI EE AL e —
MBI 2R JAE SN, AN A 28 e 455 5 9%
HERE . EEXTX I EAE IR, B R SORE £ N Bk
3 PD AR B 5 Y OGRS, i 3 AL
PraeTH, AIFTREHE [ e BEAE R 05, SRR E
BRI Eh 5747, S PDIAHIANE 45 Bt (34
T PR AT U
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T2, SRR BN 8 Ew
J1o BlanaEE DL RE1E A PPARG LS5, #E MPTP
75519 PD /N FRUH BE A% 98 2 2 L G RE i 28 T i 1
I ROS i 774, g e RAE RN, IT 2R
PD /NEUAMABFEAT S, B 25 & M & AR P AR
F 7L R0 e — Rl EA P R D) i 24 A
Y1, WF5E R HXTAD . PD BAMARAE 2 2 H A AR
RO o AEME AN AT TR R AR SR BR324
YRl IR 2R AE . IRE A E RN T
K ALAZARF UK ER (32 R BYIGE, I8 17 ke
R ZIB IR, WE MR SRR T 7,
MR 2 5 2 8 2% A AL 1 IRARI 7 IR 2 B8 S 1
PD KRB AL H s H I TR, RERE SR MR PD )
FEIRAHNARRERS , JFIR 2 S 0E P AL N A O
JEE 7 SRR L AR R, A 2 T
ZRAE . 3% PD g AR 2 LA Bk E 2% PD
PERE | BCE R 2R PR LRI B EAT R
AT HZN, SRR AR
W IE A B 3 BT R M 28 E T . — Tk
MU RIS R, R T AR A I RE A% i 25
i PD £ 1ML P IL-6. TNF-o0 25412 48 20 Jifd X 1 1)
KAV, IR et AR R S AR E AR T S
oA, I TR ZE I ZRAN AT 3 58 K ik
IR M4 (0 B S AT, A RE NI R G ERAE
RN AR AR aE R, JEA AL PD A
FEE L VAR B MR R A A i 2R RER 77 Ak,
ZIFGE e 7~ T ) 0 48 R AE TR YT PD AN AL
Zh R HLT

AR, ZIUFE—BERVT, 240 IR
N5 2 IE B AR BLE BN PD B 1R 4738k A S s
Femg . T EZGY) T (40 PPARa BN . A
P MG AR R T s, K
W FARAE B ST, AR A R AR AR 22
RIES MR PR, M2 2 i RE pl 28 oot o
0 A SO SR AH G SR PR o 2% BT
b, DI RE MG A R se SUHL L, S 251
51T ERRE , AU BT ESE PD e
&, WA R AR IRSCE S AP ERNEES
IBIT R EE L TR .

62 HEZHAINEEBIMERRHERERE
PDIAENFOIE RS

BB RAR N RERE AT 5 A8 B R R 2 A
J7 PD P E BRI, . SRR REREAT 5 2 BE 20
SR RAEAN T, AR BRI R AL 25 5 | R 4

PERR BT SR AE, PR A BRI, 2L [EHES)
YRt Re . HATAFR R, @it Y siA: 1%
SR E S S NS U o i (19 165 YA L NA R 7 e
B, fEiE FA AL . 98/ B BTk S Ak T4 i S E S5
N, ISR 2 M RERER 4800, 235 PD Y #
ZREMREIR o X — KGR SIS PD Y 280 AR
ST ERHE TR,

T2 T2, CoA RILEG 1 B H FA S
RCHCR A OCHERG, BENS I 2 S A LR A A £k
RiAD)EE. BRI, S CoA FRALARG 1| AT I
DRETA . BRI TAGs FI TC LR, Jf3d
i 1% 7% AMPK-PPARa-CPTIA i 8% {2 i#F FA &1k,
TR AR T RS, SEM4AAL N 3 7 SR
Bt A 7 IR TR N BRE L5 FE 1 1 (acyl-CoA
lysophosphatidylcholine acyltransferase 1, ALCATI)
JE— i fk CL & A B E 9 0 I L # il , 55
ZR RTINS UM G . AR, 7EPD
/N, ALCAT1 ST b 25 el 2 bR D fig
SE, HRUE R MPTP 5 R AT 28 1 2 LR
ATTAET: ™, i TR R B AR R S R
ST IRANRE A RO R SRR ZE A7 . I AE BT
EACR N, TR ZE R IE R A . BEAh, 5K
g i — LBk TR @IS BETE PD /N RS AL B
EEE L ORLERY 7S Al (o P N R E A YT
PRZETCRET- RN fildii 03, 6 g 2 G2 A PD Pk
R RAMAREEAT S 2 EAT h S AT W2 ,
iz sl ZR AT 23697 w3 B pR 2 AR .
10 J8 B 5 #l3z 2h T T i % 2 08 % MPTP 75 3119
PD /N R i AR 2, el 5 bR D)
REAHOCH OGP G RIE , iz 2] R L
irisin/ AMPK/SIRT 1 3l i &2 #E MR P =00
14 JE ) B LTI 25 0] LS 3 gk iRkl A 2R
H DL AW R HE AR B R 8K, TR
TR AR | MERR R ARE R R
KKl R LA D) BER ZE i MPTP 5 511
PD/NRINRERERT ' 7 AN R B B B RE IS
BLAURTIRE, IRELRIRTRAE, IFIRIP LRI
IEWIEAEH .. ©ifnl LAY PGC-1a-AMPK-
SIRT1 Wik, S H5LRREY LA ; BILEh &
FIAHCER T 1, SRR R FZ b A AR B 1
VAR, DR RZRiiRsh Sfe t, WPy
PD & A AR 5,

R TR, XU 3R], DIRR-NE
Fi Az O M Z 58 s T IR, ANUALE] E 3G
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PD Z BRI, WAEIGIRATAF I h R 255
M BRI RE S AT N R AL 1, NI & PD B Y
BCARIT TR AL T S B AR AL A D Tl
63 HEIEKEREMERREHESRELEPD
INEANE RS

FLERAE Ry —Fh S HE B A rp AR 5 7,
FEZFh A BRI B R P 4 i A A, AR
HKEW, AR Sy, e7Efg .
P2 AR S A M R T P R AR D RAEVE T, HAE
FHBLEI e 22 AR FIE il B, e R ete
A B 7R TR T

FELGRETUZE , ST R BLFLIR AT L 55 53
MU 2 RE Bi% iz o 76 A 17 40 A D3 e 4t e 355 5
BAdrh, FLRRRESIG TR N B2 4L XT FEA ()48 ORI
BREERIE R ST, 3Kt 8 5 2R SRR s 20 B
FLER 1% GPR132-AMPK {5 Sl J i &, X%
LR AE SRl b5 v 5 g o o i rp LA R A
™, e R e, FLREBIL 22K
MG IR, 7EPD &AL SIRTI il ik 2% £t
AP TR 2 R M2 S LTS, b LR A B,
TR 2R TR AT AL ™ M/, #E AD FIR S
NIRRT SNJRMEFL IR sl 32 i T 1 N
JEPEFLIRR T T I s SIRT 155, BesE 28 f ]
IAVE | IR E AN A 2 RAE, RN
RERREAG 7 s st P R LR AE AN R 9 5
B R o #b Fe s IR P L2 R T A7 Ak
A2 WG T U P B A B R VR B, PRI
MR, G X R IE S . IZAbBA
AT LA b9 AD /)N BRUBE L b 58 fil b i ) 2 il 3R 1 3R
K, ARURE R AT EETE, IR cE HIA g B,
AT RS AT HUZ M, 8 & KM Lz sh il i
T v M3 LR 7K AR S MR LR B A 1o 2 B3k
R, BENGE ABL-42 HRYIAE S AD BRI Zh i
INFIDIRE, JFHSsmig S oG I 3RaE, Xk
LR W] B2 B R AR R AN I B LA I 7

i Lirid, FLRREMRE RS A A S 0
T, Wzl S iiEE . PIREN, ©
WE T 2 GPR132-AMPK i FEAE JE g AR 5 1R &
BB AT, X fEIE T SIRT1-PKM2 fli 847 FL R
A SRR 2R e SO, SR T M 5 ik 382 5
ZRIEH R . 2D LR AEAN [ A B BE IR B
IR JE AT ALE], Rk PD AR 28 B 035
ST R HLHT A S SRS o ARSI 4 7 B B 7L
7 PD AN [RI B Be iy BARAE AL, A S a] 3 5

SN PR 2R O 2 R S A 25 B A ERIE , AT R A
HET 1007 R UL LA
64 MEMEEARBSMERRGERELE
PDIAENFIE L5 25

PD A I 25 B A A VR T SR I IE B T R A T
T R SRR S LA G R AR I B L X — BT
Jrial. Az A, B RS R S IR AR
R A AR, B H TS B . AR
P& a-syn (55 BRENUREZ RZ-EAMHAR
SR A - R AGRAE MR RE 1, BT RIRM
IR, UG LDs 2 BRI 28 Bk e 24 NI /K 7
Thm o IX AR AL — 2P b R A 2R R AE SN -5 S AR
W, A SEENE PD A A EER AR . £ &
SR AT

FE LT, 2R RIS Pl i R 5
THLH EFERTFVER . flin, 7EPD Hh, EFAERRER
FRET S AW, EEEEEIE B A dEREDT
AALBI T R GO IR IORE, DA £ EL I RE
Pgoe P, AL EAE PD R it R B 2 2
W Z AT ER . ARSI NIRRT A i
BrfEfE 1 . BEARNE B S A= K, AT EE T
mTOR & W BEfR(L , A B FEEMLITTRE, &
A VE-INEEA RGN R DIne, N imAa Rdm
il a-syn FSF R R, RSN £ M REM 4T
BOARAT 20 BUABER A TRPV I Eh5 , 83 i
PPARa {2 #F A8 T X5, Jf4: H PPARa-ATP6VOE1-
V-ATPase {5 Z i 54 A WA TR DI BEREAS . 2035
AD [FINAIRIL Y BB EAE IR R NZ S
IRy, 8T HOE AR 2 52 14 1 R4 AMPK %
ffk, EPDHREZHETIEN. REN, B
% e g 3 9 AMPK/mTOR 3 B8/ S 19 [ W 7%
P, (EIEERIRIX a-syn BYTEBR, [FIEHE R 2 il ik
Bia, B IGE MPTP 7% S 1Y PD /)N BRI Ay
INFI DI RERR AT 2, TEAT M SR EZmE, A
(32 sl 2R B AR S AR e, B
AT LB, 18 41032 3 mT LLSE P R 38
N, VT PLIN Fll FA #4532 8 (10 %35, MR it
LDs R, [, 128hn] LIEE AL, AR0ERB
TEMTREER [ R a-syn S5 22 s e IR AE IR, iR
TR . WEERE, TN 5 I R /) R A
o, SR ZEIENE DR PEC 455 K X B 221k, IF
B E /N R R R S AR AT O R, SR,
AMPK JH]50) it FH AT 58 2 TH PR S e 3R A ik ppes
TRIPRON, X 3R B 55 R 2 0T g iE o 0% AMPK [



XXXX; XX (XXO

XME, % BERAEEREERESRFBANTEEESHIERILE 13-
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7 BRESRE

AILRGARE T TAGs . TC FEHIE AR Bf L
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FEIE | NIRR A A SRS IR . BT LR AL
L R A QA4 N T T PD AR 25 e i
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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 o -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,
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
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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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