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LPIN1/PPARA it SLC47A1 Jv S ph 28 0 k6 12 2% it
T4 AR s B K Bl 45 10E Jeg g LR F 5

A, &', AET (1 KIKBRERE / 55350 IR EABER TR BB R R, T RIK 163453;
2. VO B2 e o — M B EE e e N R, TE% 710068 )

# E: BHW #ERAMWEEG 1 (lipinl, LPIN1) a4 &% (Parkinson’s disease, PD ) AEA! K KA1 3 69 % v & LB
TR T AR, Ak RA 6- 1 % @i (6-hydroxydopamine hydrobromide, 6-OHDA ) & 4F X R & 449 73 ) &7
Joi kA PD K RBEAL, JFAAE # 4 LPIN] AR A&, FHERAITAHF T, An X ABAL T Fe’ fif RA S
AL (glutathione, GSH ) 4% & B4 R B #4108 (tyrosine hydroxylase, TH) & @ 7K-F; HE & IE K R EL R ImHE
T4k, MEARIN PD e, el TH, o- RAEE S (a-synuclein, o-syn), LPINI & & KPR @& S ;
445 LPIN1 > T siRNA 5 7| Foit & K HAR B AL B ALY B3 78 49 7 5 Ak A( peroxisome proliferator-activated receptor A,
PPARA) I F4 RNA (small interfering RNA, siRNA) Feid ik # 4k, R A4k =% F 7 Erastin &2 4908 24 h, /5
6-OHDA 422 28 it 48 h, #i| &2 48} F Fe™* &% . &M 4 (reactive oxygen species, ROS) . # =B ( malondialdehyde,
MDA ) . GSH #= ¥ 4 B F K -F 2Lk 4k b 13 CCK-8 Al 4m JLE 75 7% 77, Western blot 344k 5t A8 X & & K34
i3t STRING #c4% & 7nl LPIN1 #9 ZAF%& & PPARA, A1 Co-IP 247t /734E; JASPAR A 4915 & % M 357n PPARA
5 RBAARE G Tk 47 s Al (solute carrier family 47 member 1, SLC47A1) B3h-Fe94445.4, #1H Ch-IP o7t
ATIE, R OBAMKRRKERT, RABFERFLEER. HELRL, EHRHRIBF PD sedk; LPINI AKX HiEH)
A7 H % PD s REBEAER M E ) Bz, SBFRapa, BAMAKRiZs) LR REE, FHERERIK TR, &
Fobat gk, FEME, FATRERK, 2FALARITFEL (126816, 7.026, 26.556, 7.454, 8.503, 7.971,
¥ P<0.05) ; BAMX AWML T Fe" &85, GSHAFTA TH & O R AKAK, 23 AEAH%H$EL (18305,
13.305, 7.709, 3 P<0.05) . LPIN1 20 X AT A F 346 . & 3547 KT i 20 22 % 32 ok R ABEAL 2890 7 & / )42 . 6-OHDA
2R FARME KA PC-12 207 /) % TH, LPIN1 & @ K-F, I+ & o -syn & @ K-F, 27 BA %5 & L(F=31.023, 7.350,
9.124, 15.841, 3 P<0.05) ., %1% LPINI #mB] T 6-OHDA %} PC-12 fa L& h é9 4R 4E A (1=2.209, P<0.05) , it kik
LPIN1 I =T 4&7% 6-OHDA #94F i (1=4.989, P<0.05) . it & ik LPIN1 MAKIL-1B, IL-6 %3, JF& SLC47Al F= GPX4
FaKF, BALFe’, MDA 44 ROS K-F, 7% GSH 4% (1=3.013 ~ 11.639, ¥ P<0.05) ; Erastin 7T i# 2+ LPINI
S E K AL TR AR, AR PC-12 s ieE ) (1=3.087 ~ 7.581, ¥ P<0.05) . LPIN1 5 PPARA % & ZAF5H{tit
PPARA % iA, PPARA 5 SLC47A1 B 3-F 45 & F- 428k SLCATAL #3487 i & & PPARA 4% LPIN1 T2 %+ PC-12
mpaa e, it T ARX LPIND T4kt 47 4] PPARA/SLCATAL b/ F 094k 1=, M E T mIeH =, Btk
PD #7 X R w9 st it
REIR): DGR JREEN 1 WS EHAYIOR 21K A IR BB IR 47 L5t Al BSET:
HESES: R-332 NERERE: A XEHS: 1671-7414 (2024 ) 04-063-09
do0i:10.3969/j.issn.1671-7414.2024.04.012
Mechanism Study on LPIN1/PPARA Alleviating the Progression of
Parkinson’s Disease in Rats by Inhibiting SLC47A1-Mediated
Ferroptosis of Neurons
CAO Mingyue', WANG Wei', ZHOU Meining’ ( 1.Department of Clinical Laboratory, Daging Longnan Hospital/
the Fifth Affiliated Hospital of Qigihar Medical College, Heilongjiang Daqging 163453, China; 2.Department of
Neurology, the Third Affiliated Hospital of Xi’an Medical University, Xi’an 710068, China)
Abstract: Objective To investigate the effect of lipinl (LPIN1) on the progression of Parkinson’s disease (PD) in rats and the
possible molecular mechanism of its regulation. Methods The PD rat model was established by injection of

6-Hydroxydopamine hydrobromide (6-OHDA) into the medial forebrain tract of rats, and the LPIN1-overexpressing adenovirus

was stably transfected to evaluate the behavioral changes of rats. The content of Fe** and Glutathione (GSH) and the protein level
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of tyrosine hydroxylase (TH) in rat brain were detected, and HE staining was used to observe the pathological changes in rat
brains. The PD cell model was constructed in vitro, and TH, « -synuclein («-syn), LPIN1 protein levels and cell viability were
detected. LPIN1 small interfering siRNA sequence and overexpression vector and peroxisome proliferator-activated receptor
(PPARA) small interfering (siRNA) and overexpression vector were transfected, or ferroptosis inducer erastin was used to treat
cell for 24 h, then cells were treated with 6-OHDA for 48h. The levels of Fe™, reactive oxygen species (ROS), malondialdehyde
(MDA), GSH and inflammatory factors in cells were detected to evaluate ferroptosis. Cell viability was detected with CCK-8,
and the expressions of ferroptosis related proteins were detected with Western blot. The interacting protein PPARA of LPIN1 was
predicted by STRING database and verified by Co-IP analysis. The binding site of PPARA to the promoter of solute carrier family
47 member 1(SLC47A1) was predicted by JASPAR bioinformatics and verified by Ch-IP analysis. Results The fur of the rats
in the model group was frightened, and PD symptoms such as continuous tremor, slow movement and weakened activity were
shown. The motor behavior and PD symptoms of LPIN1 group were improved/alleviated compared with the model group.
Compared with the sham operation group, the total distance of the model group was shortened, the average speed was reduced,
and the step length was reduced, while the total resting time was prolonged, the step width was widened, and the gait variation
rate was increased, and the differences were significant (=4.470 ~ 26.556, all P<0.05). Compared with sham operation group,
Fe’* content in brain tissue of model group was increased, while GSH content and TH protein expression were decreased, with
significance differences (+=8.305, 13.305, 7.709, all P<0.05). Compared with the model group, the behavioral evaluation, the
level of indexes and the pathological changes of brain tissue in LPIN1 group were improved/alleviated. In addition, 6-OHDA
decreased PC-12 cell viability, reduced the levels of TH and LPIN1 protein, and increased the level of o -syn protein in a dose-
dependent manner, and the differences were significant (£=31.023, 7.350, 9.124, 15.841, all P<0.05). Silencing LPIN1 intensified
the inhibitory effect of 6-OHDA on the viability of PC-12 cells (#=2.209, P<0.05), and overexpression of LPIN1 could counteract
the effect of 6-OHDA. Overexpression of Lpinl decreased the secretion of IL-1 3 and IL-6, increased the protein levels of
SLC47A1 and GPX4, decreased the levels of Fe*", MDA and ROS, and increased GSH content (£=3.013 ~ 11.639, all P<0.05).
Erastin reversed the inhibitory effect of Lpinl overexpression on ferroptosis, and reduced the viability of PC-12 cells
(r=3.087 ~ 7.581, all P<0.05). LPIN1 interacted with PPARA protein and promoted PPARA expression, while PPARA bound to
SLC47A1 promoter and promoted SLC47A1 transcriptional activation. Overexpression of PPARA counteracted the effect of
Lpinl silencing on PC-12 cells. Conclusion Overexpression of LPIN1 may reduce neuronal cell apoptosis by inhibiting
ferroptosis mediated by PPARA/SLC47A1 axis, thus alleviating the progression of PD model rats.

Keywords: Parkinson’s disease; LPIN1; PPARA; SLC47Al; ferroptosis

A4 #%% ( Parkinson’s disease, PD) J&% % PATUSEH, PEUERE DR T B R 2 A kA, FEAk

UL 2R A T, R AE 2 PR o i ) A
FITE BN 2 R RE s ot i ek Y B, 259
HEEE PD SEIR, MICIR@MIE D, Hikia )
2T R AR SR MGE PD RYT NS . BRBET
(ferroptosis ) 7EFHZRA T ) A AL Th R
FEAEH Y, AT AN B AT E O E T, £k
Hyad B Rt n 2 e Ak, SEPD &2
M REA 2T AR Vs BRBET R —Fh S 4 sET -4
KM NG Bt A A R, B SN IR 4
ALY 4 ( glutathione peroxidase 4, GPX4) JiE4:#Y
FEACF RS EIs R AR R 5 ™, ki, PD
BRAET- W TEALH AR SE 2 B . BRAE T 1 (lipind,
LPINT ) # o\ Ay 2 52 M % 3 B o 4 gt 0 DG B 1AL
W5 B 2T FE I LPINT mIfE PD H4RSET- A
KEYbrEY P MO ST RIE, LPINT m] LK
Wi E M2 ( phosphatidic acid, PA) %54k H il — fig
(diacylglycerol, DAG), 7EZE+F1EH 1) J8 [l #h 24%
SRR EEAEH T LPINT Rk T Rk

ST R E R P TR R
i LPIN1 5 PD BT M HAF M A R G h R 1%
HEAEH, AW E PD sh Fign iR,
EST T LPINT XF PD 8 (452 0 LA K VB AE ) 18 55 HL
i, JIEE K PD i2WI AT I A B AR AR

1 #M#5F*E

1.1 BrRAT%

111 2B sy, 60 H 8 ERMETE SD KR, 1k
250 + 20 g, MVGLECH R AL SY O
fit, RFRAE 12h BRGSO EE L R 20°C, T
60% Zid7. SRRy IR SE [ [ 5 AR Be th R
() CSRE sh B F e ) HE1T, IREARRBES
FRZE B3 24 T T

1.1.2 BG40, PC-12 4 i o B Rl B T 40 i
FEREAL, 7E 5 10g/dl i 2F 175 A9 RPMI 1640 (100
Uml HER -8B ER) HRlh 37°Cki5%, 48
h B — IR FR, FRAn A K % Bk 5] 70% L
BB IR . SCR AR HL A% 58 i A 1 ELRR I RIS 1Y)
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12 &R A 5% TRIzol ik 7, PrimeScript
RT Master Mix {7 & ( 5[ Invitrogen A F] ) 5 fifi
A1 ( SEE Thermo Fisher A 7] ) 5 #RFET-15 57
Erastin ( 3%[E AbMole A H] ) ; CCK-8 ikl £, Fe’
52 38 577 & (35 [® BioVision A 7] ) 5 6 JE AL
bt H ik ( glutathione, GSH) , 140 g/ % -1
(interleukin-1 B ,IL-1 B ). F14HiEE4 % -6( interleukin-
6, IL-6) . A% ( malondialdehyde, MDA ) A3
448 ( reactive oxygen species, ROS )il Z k7 & ( 7
SUHRUAEY) TR ) 5 HE Jetailil & (dbat
Solarbio 23 H] ) 5 LPIN1, #f & Ak ¥y B4 58 Wy i i
AR A( peroxisome proliferator activated receptor A,
PPARA ) , GPX4, SLC47A1 —¥i ( ¥[H Abcam 2%
) ) ; OE-LPIN1, si-LPIN1, OE-PPARA, si-
PPARA, si-NC (J" A YR ARAF ) ;
LPINT i f5 3% 28 1K K B XT B8 (vector ) (I i
GenePharma 7\ 7 ) ; ABI Prism®7500 7%¢ Y% %€ i
PCR { ( 5¢[H Applied Biosystems 2 7] ); F#FRiL ( 5
[ Bio-Rad AH] )

1.3 ik

1.3.1 sk

1.3.1.1  SEEGshPsr 4l J PD BEREIFg L. K 60 5K
55 K BB R T AR (=20 ) FIIERIZH (n=40 ),
TEALAL RS 25 we 1 6- FIEL I (6-hydroxydo-
pamine hydrobromide, 6-OHDA ) ¥ & F] & R .01
F149 P00 7 0 oK A 57 PD R BRI MY R vk v
12h 5, BUIWEER AT Mizsh, DihElzshhe
WS ATENIRGE . B AR SRE, RAR E SRR,
R A B o AR R I K 3 B ZH B ALY o
AL R LPINT 4, 20 20 2, LPINT 238 id
FE bS53 BIRE 23 2R T LPINT 3o Rk Bt 25
BRARTE ST AR BRI, A 2H i TR 2H ] 554
FUE 0.2g/d L3R MLER 1Y PBS iF AL HL, Frf3 KR
TS5 28 RIGHATAT AN, ARG RREFALSE, HX
FERIKIMIEAEA, 3B I ST 20 pr o

1.3.1.2  SLERBAT AL OU 5525 K
SRS A 51459 90 em x 90 cm x 30 cm K/
W37 B 10 min, FF KBS B PR S 1T H1R
B, W K BUBRCTE 6 8 N i 4 XU R [ A, B
Rl R KRR A shiz frul, #48ic5% S min, 53]
KEGZSN DR . SRR IR ] S YR, PPN H
iaEEe S @B ERRATEIRIREL B gk,
JE R PREE A YR, SRS 5 REIT 10 cm %, 50
em KA EF A B IE (fLIE b ORI B AR ) M —
vl [a] oy — iy, PEPRESL HIGMWinY 3 AMBEED, I
WRKRL . PRICFHLEE R,

1.3.1.3 KWL Fe’™, GSH S/ BUK R
MU 229 10 mg, SN ZSABAL BRI 1y, R
P Fe AR5 i WA 45 A1 GSH I 2 5551 &5 1 A
BRI Fe*' F1 GSH i .
1.3.1.4  KEMGAIZUH B HE Ye o, BOR BUK 41 4L
FEAS, 4g/dl Z R EEH LAWY ., YhA)E
{8 1 HE Yeyidie A0 S E UL I T 1, A
B T AR TT AN S A SV BR2A AR
132 ZiEses:
1.3.2.1 SEERAMML 2 : K PC-12 45 A%t R ZH
( AYATATAERE ) . 6-OHDA 4 ({U%JH 6-OHDA
RE TR L 48h ) . NC siRNA 2H (%% Y% 5 ik LPIN1
FIMEXT BB #RAA ) | si-LPINT 20 (44K LPINT /)
T4 RNA #{& ) . vector-LPIN1 #1 ( %% 4% LPIN1
27K ) . OE-LPIN1 4 ( #% %t LPIN1 i % ik %
1A ) . OE-LPINI1+Erastin 20 (%%t LPIN1 i A%,
PR+ wg/ml BRIETZ 5 FHI AL ) | vector-PPARA
4 (%Y« PPARA 75 8 {& ) | OE-PPARA 4 ( %YL
PPARA #f ik # & ) . NC siRNA+vector-PPARA
2l (FLFE YL R IR LPINT BHPE XS B2 K +PPARA %5
# {4 ) 1 si-LPINI+OE-PPARA # ( %% YL LPINI
JNTHE RNA 25K +PPARA 3 F635404K ) o [oxt g
ZH N 6-OHDA 41, HAA 2H AN AR RS YL AH 0 25 A mg,
Erastin J& 24h, FUCRA 40 pwmol/L [ 6-OHDA 4b
48 h, SRJGUCHEANAL.
1.3.2.2 qRT-PCR 43 #F SLC47A1 mRNA /K 3F. fii
H Trizol 17 & FEHUAH L5 RNA, JII5E RNA ¥R
o, i ] PrimeScript RT Master Mix 25| &5 i
1T RNA i %5 5% 5 cDNA, LA cDNA KEikr, #f7
PCR §" 34, [ZR2&AF K 95 CHiZETE 3 min, 95 °C
A 30s, 58 CiB Kk 30s, 72 CLEM30s, AT
34 NMEH, L) B-actin fENZH, R 2744 154
BEASFEA R HARIE R AR RS . 5150
SLC47A1-(F): 5’-CTGGTGCGTATCATCTTACG-3’,
(R) 5°-CGACACACGATGGACGGAAG-3;
B -actin-(F): 5’-TACCTCATGAAGATCCTCACC-3’,
(R) 5°-TTT CGTGGATGCCACAGGAC-3’,,
1.3.2.3  Western blot A 22 22 1Ll ( tytosine
hydroxylase, TH) , o- Zfili#% E H ( o -synuclein,
a-syn) , LPIN1, PPARA, SLC47Al1, GPX4 &
FIFIK: JIA RIPA 24 HEI PC-12 4L S AR 1
BCA ¥EI5E 8 A Bk i . SDS-PAGE #EIKHL K/ 25
30 g AT R R M M LM (PVDF) i
I, W 5g/dl iR A W5 8 FA 2h, 435I Anti-TH
(1:1000) , Anti-a-syn ( 1:1 000) , Anti-LPIN1 ( 1:
1 000) , Anti-PPARA (1:1000) , Anti-SLC47A1
(1:1000) , GPX4 (1:1000) —4i, 4 CHEEL
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&, WHIA HRP BB 3 (1:1000) , %R0
A 1h, TBST ¥EAE =k, LI GAPDH AHNZ, KH
Mk &t (BECL) i & e e g 248 LA r
MR, Tmage J 3T 8 457 K EEE

1.3.2.4 CCK-8 LKA TE 1. ¥ PC-12 Ak
FERA B I8 70% A4 B, 435k A 0, 20, 40,
60, 80 wmol/L ) 6-OHDA ZbFR4IHI, SR 5 U SEA
L, PLSx10° A4/ fLiEFh & 96 fLAREG 3% 24 h, 4
FLANA 10 ulCCK-8 IFM, AREERGFE 2 h, EEFRUK:
I 450 nm AEWSERE (A fH) o #EHL 40 pmol/L 1Y
6-OHDA AbFRAMAMEL, HHAT/R2E505 .

1.3.2.5  AAfbdankain . $EHCPC-12 424,
Fie R TS B AR, 49 ) SR PR I Ay RS e 551 A 0
40 B2 vp IL-6, IL-1B, MDA, GSH, ROS & & I
ML Fe™ AXFKE .

1.32.6  HILiiiE (Co-IP) MIE: FHEE A Fam )
FIVEBAM PR, F AR IC R R . 2R
5 Anti-LPIN1 5 Anti-PPARA $iLiKk: HF 2 h, J5 5
30 Wl &M A/G REERTE 4 CTF 533 12 ho &%
TRA MY, it Western blot £l e &5 54
GAPDH J Thr#fEfL, J Image J 4 X} 40 55 52 i
Sty HEAT S b, 18 b STRING %4 JE 7511 LPIN1
5 PPARA tHEAEH, 17 Co-IP 43HriiiE

1.3.2.7 QL@ iz idE (ChIP) M%E: K PC-12
=N T 5 1g/dl FHEEACHE 10 min, fIIAHZ R
FER 5 min. Bl J 4 M 58 A5 0 38 o0 8 75 R 1 A i %
{5 FrBE, FH Anti-PPARA $Hi sl [ % B8 1eG 7F
4 CTFRPEDLEL . aifbUiiE i) DNA, H RT-
qPCR #ATHI

1.3.2.8 SR MM A L H KM 2 H JASPAR

A W5 B 2% W 3 Chttp://jaspar.genereg.net/ ) i il
PPARA 5 SLC47A1 Ji h F [ W 45 & i . A K
SLC47A1 JAsh FAEIFS1, ffi A pGL3-control %t
KGR FARE) T E. i Lipofectamine 3000 K-
TR SLC47A1L Ja 3l F 1790 1Y 9 ' 28 g 52 JE PR 2k
IR IE PC-12 A, %Y 48 h, (HHZECE
i L PR A 9 R B G E

1.4 %itsobr i SPSS 21.0 HATEHRS
Mr, LIRS AR + bR (X+s) Fom. 4l
FEATR W L %58 K ] Student’s ¢ K655, 22 4H [A)REAS 1
BRI Ty 22431, 4L 18] P L 35k FH LSD
Kig. P<0.05 W2EREAGIFE L,

2 &R

2.1 Fh EIIR5H

211 — RS KAT A EVEN . S B TE K FRAE
T2, AR R A PD AR, A TR
100%. fBFARHAKBEE BN, 178881 IEH,
RIS AR KR B, RIS,
TRFFLLE . SIEIRZE . 1 3hRe 1 055 S5 AR
LPIN1 41K Fiz 8474 M LR RE IR B A 20 A7 iy i
R, M S AR RAIT 2, Wk 1.
KRG ETFARAMEL, BRI KRz 3 85 46
. CEEEE AL, KN (26816, 7.026,
26.556) , 1M | e TE . AR
SRR (=7.454, 8503, 7.971) , AR EAAHLG
THEE X (¥ P<0.05) ; SR, LPINT 41
KSR R B UGE, 25 A5 FE X
(1=3.845, 4.702, 3.710, 5.349, 16.333, 3.985,
1 P<0.05) .

*1 EZHERBY FLWMSENMERILE (xx5)
uH BFAL AL LPIN1 41 F P

BHRER (em) 3567.52 + 813.24 223641 +576.47 298734+ 387.96 23356 <0.001
BRI (s) 55.47 £ 10.56 79.52+11.16 64.35+8.73 28417 <0.001
T (emis) 11.79£2.58 732+ 187 9.68 + 141 24711 <0.001
$9E (em) 2.79+0.23 341£025 302021 36.953 <0.001

HK (em) 7.66+0.27 553024 6.84+0.25 358.829 <0.001
RLERE (%) 0.11£0.02 0.17£0.03 0.14£0.02 31.765 <0.001

212 & KB H 2 Fe™, GSH & & M TH &
FACE R Wk 2, SIF AR, FERIL K
B Fe® Al 1, GSH &M TH & 17K F1
MR, EREAZIEE X (28305, 13.305,

7.709, ¥ P<0.05) ; SEARIZA L, LPINT 41K
Fe’', GSH & K TH & F/K-FIH 58k, 2
SEAG ¥ E L (=5423, 7.369, 7.092, ¥ P
<0.05) .

*z2 BAKBMAL F', GSH ZEK TH EAKFLLE (x+5)
5 H BFA4 fEA LPINI 41 F P
Fe*(p mol/g) 8.56+2.34 18.79 £ 5.03 12.11+3.84 35.560 <0.001
GSH(ng/ml) 12.26 £2.30 641057 9.02 043 88.852 <0.001
TH&H 1.02+0.02 052023 098027 36.704 <0.001
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213 HARRMALRHEARfL: WE 1, HE 4§
iR, TR KBRS 2 ou i HEs) 5%
Fr. TEATEWI TR, AR UL AR 20 R A IR AE
K s BRI K R 2 LA 28 s A B HE S 55

BTIER , AW R ess o

Bopdib | LR, BN AL B R 4
PEARMIRE ; LPINT ZH K SRUIN 41 2 b it 22 S0 240 i 2
BRI A T, A AR R SR RS

}""«‘ - /

B 1 HE£EWNEBLZAEAXRBALRELTL ( x400)

22 ATy

2.2.1 LPINI 7 6-OHDA i/ S (1) PC-12 4 it b %
i FE. W3, CCK-8 4 i & 75, 6-OHDA
X PC-12 2 i 1% 77 i 410 ) 4 FH 52 v B A0 1%, 40
w mol/L BRI W] &g Ml PC-12 4G /1 ( F=31.023,

P<0.05) , )5 %k K H 40 wmol/L ¥ fF 6-OHDA
HATSE . WA, B 6-OHDA &b BRIk B 1)
JHir, PC-12 40ffdrh TH A1 LPINT £ 5 5 A i
P WA, o -syn B 12500 AR PE 2 8 T =
(F=7.350 ~ 15.481, ¥ P<0.05) .

%3 AERE 6-OHDA 4 3EXT PC-12 #AAEH TH, «-syn, LPINI EEARIEHIZN (x+5)
- 6-OHDA ¥ ( pmol/L,) B ,
0 20 40 60 80
AL ) 152+0.16 145+0.12 103£0.11° 0.78  0.08' 0.64 £ 0.06" 31.023 <0.001
TH &M 1.01£0.02 0.72£0.20 0.55+021" 04220.16" 039+0.15" 7.350 0.005
a-syn & 1.00+0.01 171£022° 1.94 026" 2.14£030° 2.38+0.24' 15.841 <0.001
LPIN1 &1 1.01£0.01 0.70£0.18' 048+0.15" 0412020 036+0.15" 9.124 0.002

T 50 pmol/L ARG, fupers,=5.385, 8.132, 9.671; fry 5, =3.460, 4.437, 4.663, 1, 51=3.786, 5.013, 6.080, 7.360; x5 =2.477, 4.234, 4.794,

5.193, %] P<0.05.

222 UL Bk G 3 % 3k LPIN1 % 6-OHDA %5 § 4
PC-12 4 MU A9 52 . DL 3¢ 4. Western blot £ ] it
7N, ULER LPINT 4140 g+ LPINT & 4 1k B I f#
ik, bRk LPINT 44 i LPINT & 1 3Rk B
Fm, ZR RO E X (24424 ~ 18.259,
¥ P<0.05) , uiWIUTERECLT 358 LPINT 4 it &4

AT, RGN & B, 6-OHDA Kb & 4] 1
PC-12 4Hf35 71 F0 TH FE 2k (1=5.630, 5.509) ,
TUER LPINT JJE] T 6-OHDA A/ ( £=2.209,
2.344) , 1fF3k LPINI W %% T 6-OHDA ()30 1l
fEH (=4.989, 5.040) , 2R EAGI2FE L (1)
P<0.05) .

*x4 TLEAE TR IE LPINI XF 6-OHDA 5 5# PC-12 4HREiE K TH EAKIFME (x+5)
TH XA 6-OHDAZL  NCsiRNAZL  si-LPINIZ4L  Vector-LPINI 4 OE-LPINI 4 F P
LPINI [ 1002001  048%0.15" 0.98+0.17" 043+0.14' 1.01£0.02 327£026" 142875 <0.001
R 1524023 0.73+0.19" 0.71+0.17" 0.42+0.10" 0.74+0.18" 1.43+0.13" 19962 <0.001
THEAEE 1004001 0.53+0.12" 0.50+0.10" 0.33+0.08" 0.55+0.11" 0.96+0.15" 20212 <0.001

TE: A5 6 TR 4 M e, =4.183, 4.585; 5.630, 5.773, 7.839, 5.559; 5.509, 5.861, 7.854, 5.275, ¥J P<0.05; ° 5 6-OHDA £ 41l t, +=4.022,
22.442;2.209, 4.989; 2.344, 5.040, ] P<0.05; ° 5 vector-LPIN1 AL, =18.179,4.917, 4.806, 4] P<0.05,

223  1$#3k LPIN1 i] 6-OHDA i S sl £ oc40
JERFET: WL 5. 45K, 6-OHDA 4b# I %
WHNT PC-12 40 rp IL-1 B i IL-6 43, 04 T
SLC47A1 f1 GPX4 HE HFRiE, ZRHAAGIT¥E
X (=4.428 ~ 7.569, ] P<0.05) ; #FFik LPINI
Wi T 6-OHDA 5 4E H (1=4.883 ~ 11.639,

¥ P<0.05) ; #RALT-15 T 5 Erastin A] #K7H LPINI
i FIk W E R (24350 ~ 6.739, 1 P<0.05) .

It 41, 6-OHDA 4k Hf &} 2% 3 fin T Fe*’, MDA,
ROS # &, #MHl 7 GSH & # M PC-12 40 fL 1% /)

(=4.208 ~ 9.437, 4 P<0.05) ; 73k LPINI [F]
e T 6-OHDA i F/EA (£=3.013 ~ 9.107,
Y] P<0.05) , Erastin A& %% K74 & 35 LPINT f4E
JH (1=3.087 ~ 7.581, #J P<0.05) , W% 6, I«
ik LPINT 7] GE 18 i # il 6-OHDA i S i Ek3E T,
{E3E PC-12 40 MIR4%
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x5 HAMAB IL-18, IL-6 b K SLC4TAL, GPX4 BEHRIELLE (x+s)
HiH X A4 6-OHDA 41 vector-LPIN1 4] OF-LPINI 4] OE-LPINI+Frastin 4]  F P
IL-1 B (pg/ml) 11234+1326 18732+ 17.14° 18732 + 19.43' 12312+ 12.20" 179.50 + 16.26' 16.160  <0.001
IL-6(pg/ml) 63251027 13152+ 11.24' 132.61 + 11.59' 78.57 + 1046* 13935+ 11.60" 30761 <0.001
SLC47A1 1 1.02+0.02 030017 03420.15" 215£032" 123021 43515 <0.001
GPX4 N 1.01£0.01 03520.15" 032+0.13" 1.98 +0.26" 1.15+0.20" 47434 <0.001

W P RIRAIA L, =5.784, 5.742; 7.569, 7.690; 4.428, 4.182; 4.648, 4.860, ¥4 P<0.05; ° 5 6-OHDA 414 It, =4.952, 53.871; 11.377,
11.480, ¥4 P<0.05; © 5 vector-LPIN1 ZHAH I, =4.910, 5.992, 11.131, 11.691, ¥ P<0.05; 5 OE-LPIN1 44, 1=4.349, 6.739, 5.658, 5.282, 1

P<0.05,
6 KA Fe™, MDA, GSH, OS R ERMMFALLE (x+5)

BiH XL 6-OHDA 4] vector-LPIN1 4] OE-LPIN1 4] OF-LPIN1+Erastin 4 F P
Fe™(jmol/L) 221084 6.19+123° 6.13£1.26' 3.34 £ 1.09" 6.26+ 131" 8.198 0.003
GSH(nmol/mg) 11345 £ 13.46 48.67£9.75" 49.52+10.02' 106.54 + 12.48" 55.13 + 11.30" 23917 <0.001
MDA(nmol/mg) 512£125 12.14£2.13' 12,03 £ 2.06' 6.87+1.62" 1479 £2.17" 13806 <0.001

ROS(%) 102.14 + 6.74 197.69 + 15.61° 19597 +1473" 10548+ 10.25" 182.24 + 12.56" 46211 <0.001
g el 1.52+0.23 0.73£0.19° 0.74£0.18" 143£026" 0.96 +0.15" 10080 <0.001

TE: S HRLIMIE, =4.208, 4.144, 4.282; 6.905, 6.815, 6.217; 4.573, 4.501, 6.299; 9.437, 9.267, 7.911; 4.704, 4.645, 3.335, ] P<0.05; * 5
6-OHDA 41 Hl [, =3.013, 6.169, 3.433, 9.107, 4.168, 4] P<0.05; © 5 vector-LPIN1 41 # kb, 1=2.950, 6.078, 3.361, 8.937, 4.109, ¥J P<0.05; 5

OE-LPIN1 A, =3.087, 5.480, 5.159, 7.581, 2.799, 3] P<0.05.
224 LPINI 5 PPARA M EAEH, JFedtHk.
5T STRING %544 FE Tl & 3, LPIN1 A RES
PPARA I HAEF, UWIE 2A. 1T Co-IP 23 R,
Anti-LPIN1 HTAR T HL 09 &2 & % b AN U4 LPINT 2
F, it A PPARA % [, VLK 2B; Anti-PPARA #ii
AL T PPARA #[1, i FH7 T LPINT 2511,
LK 2C, IANA KRR, si-LPINT 4140 il b PPARA

IB: PPARA e

IB: LPIN] w—

IB: PPARA wmme e
— - —

Input; | IB: LPIN1

IB: GAPDH w— s

EAFRIE (0.39+0.12) BXFHEA (1.01 £0.02) F1
NC siRNA #41 (0.98 +0.16 ) . E L ( F=27.230,
P<0.001) ; OE-LPIN1 ZH 40 Jifi H PPARA # [ %3k
(3.05+0.31) #XF B 4H (1.01 £0.02) Fl vector-
LPINI 41 (1.00+0.01) & % Jt & (F=129.879,
P<0.001) , ULIK 2D. LPINI i# it 55 PPARA # [

A HAEFIEE PPARA ik,
B il
Q
s &
IB: LPIN] o
1P:

IB: PPARA  se—
IB: LPIN]  o— —

IB: PPARA e w

IB: GAPDH w—m— e—

D
PPARA we— ---

GAPDH w— s c— — —

B B B B
\S o N
& & FHF &S
& N N N
< i & &
&

A.LPIN1 Fll PPARA Z[AlAIHAF /R8s B-C. Co-IP il LPIN1 5 PPARA (IAHT AR ; D. Western blot #6145 2H 211 PPARA 15554
2 LPINI i#it 5 PPARA EHHMEL & 1R PPARA RiX

2.2.5 I FEIA PPARA %% LPINT JLER XS #1 4 JT 41
MOBRPET- s SAE . WEK 7, £8, 4R ER,

U1 %k LPINT F% {% T LPIN1, PPARA, SLC47A1 Fi
GPX4 HE M3k (£4.019 ~ 10.194, ¥ P<0.05), it
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Ik PPARA AIfE#EAE FRIA (£=12.825 ~ 16.708,
¥ P<0.05) , {HX] LPIN1 /& [ £k o5 m, Aok
&P, UUER LPINT nf Ff &5 Fe™ Fil MDA &, [%/%
GSH % & Fl PC-12 41 1% 1 (=2.837 ~ 8.710,

=7

P<0.05) ; 3F 335 PPARA T DJ 356 %% Vi Bk LPINT X}
PC-12 4 BRAET- 1915 FAE H (=6.285 ~ 12.571,
¥ P<0.05) .

£ AP LPIN1, PPARA, SLC47A1, GPX4 BEFIKLLE (x+s)

i H NC siRNA+vector-PPARA 41 si-LPINT 4 OE-PPARA £ si-LPIN1+ OE-PPARA 4 F P
LPIN1 %1 1.01+0.11 0.33+0.11" 1.00+0.01" 0.35+0.12" 66.288 <0.001
PPARA #H 1.00+0.01 0.49+0.12" 3.12+025" 134+0.14™ 162.297 <0.001
SLCA7AL EH 1.00+0.01 0.36+0.10" 2.57+023" 145+0.13™ 130.208 <0.001
GPX4 EH 1.01+0.01 0.31£0.08" 226+0.19" 124+0.12™ 137.074 <0.001

7E: “NC siRNA+vector-PPARA ZUHIH:, =8.467, 8.218;4.019, 16.708, 2.680; 5.546, 13.605, 3.900; 7.182, 12.825, 2.360, 24 P<0.05; * 5 si-LPIN1 41
HH, 1=8.342;20.727, 6.699; 19.151, 9.466; 20.007, 9.542, 24 P<0.05; © 5 OE-PPARA ZIMIH:, =8.093, 14.028,9.706, 10.465, ¥ P<0.05,

8 ZEMAH Fe’', MDA, GSH SERMAMIFENLLE (xx5)
TH NC siRNA+vector-PPARA 41~ si-LPINT 4 OF-PPARA 41 si-LPIN1+ OE-PPARA 4 F P
Fe™( . mol/L) 635+ 1.02 1342 235" 487+123" 796 +1.74™ 15.061 0.001
MDA(nmol/mg) 1254+ 1.62 23.12+136' 7.85+1.30" 15.67 + 1.64™ 55746 <0.001
GSH(nmol/mg) 49.12+9.76 2506788 11203+ 11.54" 59.74£10.23™ 40868 <0001
AR 0.70 0.1 041 £0.09" 151£0.16" 0.88 +0.13" 41474 <0.001

7E: * 5 NC siRNA+vector-PPARA ZLHIH:, 1=5.476, 2.921, 2.622; 8.710, 3.861, 2.577; 2.965, 7.752, 1.309; 2.837, 7.924, 2.734, ¥J P<0.05; ° 15 si-
LPINI Z04fIEL, +=7.397, 3.455; 12.571, 6.133; 10.716, 4.273; 10.761, 5.576, ¥} P<0.05; © 15 OE-PPARA ZIAfILL, =3.943, 6.438, 6.443, 5.185, 14 P <0.05.,

2.2.6 PPARA 5 SLC47A1 P85 X ZHIF: JASPAR
WM B2E ML (http:/jaspar.genereg.net/ ) s34 &
P, PPARA 5 SLCA7AL Jii 8 F 2 [0l 474 T 1E 1 25
A5, UWIE 3A, Ch-IP 237 & B, SLC47A1 7
Anti-PPARA B TR E Y H R Ew4E, WK
3B, ZOGCEMHEHRGILE T A, SiYeas 25k
YA EE, % PPARA 45 A 13 5 SLC47A1 )i 3
TP A AR DO R R PE B T, W 3¢,

5 I W] B, OE-PPARA 4 41 il h SLC47A1 &

(2.33+0.38) I mRNA (2.33+0.38) F£ik/KFEH
i 7 F 6-OHDA #41 (0.30+0.17, 0.30+0.17) Al
vector-PPARA 2 (0.32+0.14, 032+0.14) , %5
H G5 & L (F=63.463, 63.463, P<0.05) , U
¥l 3D. PPARA fE N % 3¢ F 5 SLC47A1 5 8 T
254G, PRI SR

A 1.5 B
150
P 1.0 .i'
= =
22} 68 ; 100 s s
8 ~ *
al TAWVT » g
00 2O SCARS=CECGATSXG z %
12345678 910111213 14 1516 17 E
-
-1806 — -1970 = 0
-2000 36 o
\oQ& © Qvgy.
Human SLC47A1 promoter ‘\ﬂ
TTGGAAGGCAAAGTTTG &
C D SLC47A1 = - ——
2000 -0
-2000 - -1900 - * GAPDH WS NS S
1970-0 -I $ » @
& Q\SY Q‘g?
AR |-| o &
i ” . ; &
0 1 3 3 4
IR S W5

A. JASPAR /EW{5 B 2E MG T PPARA il SLC47AL 3 8 F 22 [H]

4540005 B. Ch-IP 4387 PPARA 5 SLC47AL B3 T4 4 C. 96tE

P HE T 45 TE PPARA 55 SLC47AL JH 8h FI9%5 6 ; D. Western blot £l #4140/ H SLC47A1 B A,
& 3 PPARA 5 SLC47A1 BEhF&4E, (Rt SLC47A1 HEREE
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PD J& HP X 48 2R G i DL Il 28R AT R
Z— B HET PD g R A AR HLE R AL, FaL i
FERM, WP ETE, AMH RS RRIL, A5
Fid Ak S PD &G akstT A 5 1, gt
e ZME RS RN MRSt TR, B
BN IR i AR R PR T R BB T LR AR, T
B GPX4 I SLCTALL Xt 'Y FEARF B, 2k
STVt 2R 4 1Y, 41 GPX4, ACSl4,
SLC7A11, SLC47A1 Hl TFR1'', BF5E ik W,
ING TN R Fer-1 o m] LB RO T 17,
JURHEE A FIATT B 2 o AR IR A 2% PD 1Y
AR5 1k PD AR R AT AR O Rk, gE A
7% PD HERAET- 1 R EJRHEMLE], TTEEN PD AYY
PRALTTE AT

H AT 6-OHDA # 57 1) 28 it 80K A £ 1 1 RE
P22 TR 6 B A58 F 1 PD 42 sl AR fk T fig
B A AF 5T 1Y BIFSE AR IE, LPIN1 E K PD £k%E
- AR EY), HALEKRS PD B# HUG A RAH
KV TH 2R o 2 ULl & ) 20, HIG Pk ok
K RELE B 2 E A A, & PD R 1)
FERAE ", AW ITE L HE T PD K AR R R
PD KRMZH 4 Fe' &, GSH & TH #H
OEREAR; R PR ER 26 B PD AR K R 24 2 b
2 v 1) U TR WA N 2 L% i I B Ve 1067 97
KR e MR R,, R Z R ph 2o dn iz
PO, TR LPINT o ik 2 1T
Him, KE—BEREis, 178258 3h6e ) B i it
¥, Fe’' N TH KU Bk, LU gERet 2o
Jif A2 450 B SRR, 4R LPINT 3o 26 3K AE i 40 1) 2k
T, WML AT, $EZE PD MER. dE—
it MRS PD 4HAEAL Y, &3 TH, LPINI,
o -syn & [ 5 6-OHDA 71| 18 4 fi 1 32 7 B A/ T
. 2 W] LPINT 5% (R 3R 8 T I k3t T, X
HEAMGEA P, gk Z BB LPINT A&
T 6-OHDA X PC-12 43 J1 il fE -, i #3k
LPIN1 it T 6-OHDA fy#liIfEH] 5 &35 LPIN]
i 6-OHDA 75 S AU s 2T Ak st T . WFFTIRiE,
M o -syn BT FE KGRI E T &, L5 Fe
BRGSO FIK o -syn TSN 2K
F, — R S o -syn FHE, FERAREK G
TrfEiE IR/ PD /N Z B IRBER 2 oe T F 0k P,
GSH A W2 B 5 L& LT 1Y 5k, SLC4TAL 7E
GSH A HiHh LA FZAEH] 2,

GPX4 1 M E ¥ 0 T2 /Y 1 2 38 1o F LA
UG i R, AT kS i R A AL R A S v gk
R, TEETHSCTAER P, PD kR

GSH Rk 5 MR B AR B0 e fih & 2k 5E
TR FEERE N AP ER PD R R B A
LT #B0E TEIETIRAE, B REt T kA,
Y5 T AT 5 7 Erastin 13 5, #KIE T LPIN1
Xt PC-12 A R4 E . Erastin /E8—Fh 28 8L
BRIET-E SR, T LI R 4 AR GSH TG PR 5
FHRIET, SNk PC-12 4i i b ROS (R B B2,
DA ES5RFEW, LPINT o F35 7] LI PD £R4ET,
SRHEANATJE T PD rp AT T 0y BARBLH v A
W SE R A YR BRI SRR A L, LPINT

Y5 PPARA 7 AHELAE AT, UUBK LPINT 38 i 75 5 8k

FET- M PC-12 4HI 135 /3, 2 %3k PPARA W] i %

LPIN1 LR 240 M Y 520 . 31X — &% B 55 PPARA 1E

PD R AR — 3 T, R SE A & B, PPARA

5 SLCATAL JA Bl &5 & etk SLCATAT 557380 .

— T HEZ RNA P i 7R, SLC47Al

7 PD /)N B £ B B #2202 T O Y

SLCATALVE A AR BT 98 i I8 5 MRk FE T R A= P,

X5 ABE Y 45 5 — 3, SLC47Al 7€ 6-OHDA kb ¥

i PC-12 4 B35 T H. AWFFEIESE T LPINL 2

5 PD KA SEEATTIEAE LA, b PD WFSE LRYY

PRAE TR . ARMA R WATE—E AR, &’

SRFE T4 i S B9 IE 55 T LPIN1/PPARA/SLCA7AL il

AIPER, AEEAARTR AT AT R N S0 0 — 2P R

PR
Z¢ b BT ik, LPINI AJ fig il i #0 ) PPARA/

SLCA7AL i T (R AL T /b i 22 T AL P 1
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