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[ Abstract] Objective To explore the neuroprotective effects and autophagy regulation of
4-aminopyridine (4-AP) as a transmembrane protein 175 (TMEM175) inhibitor in Parkinson disease (PD) mice.
Methods A 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)-induced PD mouse model was used,
involving 60 C57BL/6 mice, which were randomly divided into four groups, including control group, MPTP
group, 4—AP group and 4—AP+MPTP group, with 15 mice in each group. The effects of 4—AP on dopamine
neurons, TMEM175 expression and autophagy levels were assessed by behavioral testing, molecular docking,
immunohistochemistry, Western blot, RT-qPCR and ELISA. Results Behavioral analysis showed that the
speed of mice in MPTP group was (5.4 + 1.1) cm/s, which was lower than that of (6.8 + 0.6) cm/s in control group
and (6.4 £ 0.9) cm/s in 4—~AP+MPTP group, and the difference was statistically significant (all P < 0.05). The
free movement time and forelimb grip strength of mice in MPTP group were (155.1 +9.0) s and (173.8 + 13.5) g,
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respectively, which were lower than those of 4—AP+MPTP group (164.2 +9.2) s and (191.3 +16.1) g,
respectively, and the differences were statistically significant (all P < 0.05). Compared with MPTP group,
the expression of TMEM175 protein (P < 0.001) and mRNA (P < 0.01) was decreased, and the levels of TH
protein (P < 0.05) and mRNA (P < 0.01) were elevated in 4~AP+MPTP group of mice, and the differences
were statistically significant. The levels of autophagy markers LC3A (P < 0.01) and Beclin-1 (P < 0.001) were
increased in MPTP group, whereas the expression was reduced in 4~AP+MPTP group (P < 0.05), and the

differences were statistically significant. Conclusions 4-AP improves motor function and reduces dopamine

neuron loss in PD mice by targeting TMEM175 channels and regulating autophagy-related protein levels.
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Rl 2 OS2 BRI TR T, AT i B
SRBERSTE — R G AR , (A JC kLI 2800
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— B 5 5 2 175 (transmembrane protein 175,
TMEM175) 04 30 1) 3% K 3 4 s 370, o 236
B i A2 BRI I — R TT 2 & PR AL e
I ¢, 4-AP Tl UE B RE % 2% Ak 4 i e 175
PD R I BERE AT R, BRI, 4-AP A LIk 35 i
e U R il 454 , 1 AL L, IR 48
MR TSR 1, Tk /N BRI sh e 7E
B3 s 245 00/ BRSE AL 4- AP AR T RS
FRAIERGIN TS A, AN, 4-AP B LZE4E
RIFAAE B 12 g TG PE RIS A v, JEZR T
PR I, B R AR e L AR, 4-AP
EREAMAELAPER, JUHEN BT - SR IE &R
S R T AR s, H AT AN . LT
FRW, TMEM175 5 F Y 586715 53 5 PD i & 9 K
B a6, TMEM175 4B 7 i1 K 3 i, 3L
IRe sl b 25 s B AR A R AL 72, S 30 Am i P 2R
BEAYRAAS S0 1R H RTIE— B 8 TMEM175
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1. S EhY) - 35648 60 H SPF 4% CSTBL/6 IEME /N,
8 JE S, IR (20 £ 2)g, W B i D AR AL 3 AE W R

ARRAR], AT IE GRS : SCXK(51)2019-0010,
/N R ST R E R R A SR s s, SR AR
REMR 24°C, JRE 21 50%, FFIAT 12 h ARG HE, 18
A g AROK . RSN R IR /DR 7 dJETFR
SEH, AT A S IR s A 3R IR, 257 NGB G
Mo AWFGE EARAFFr R R A5 — 8 BB R 2
SRR B2 (1R I 5 2022K004) HRZHEHE

2. EEERGIAF : 1- 44 F-1,2,3,6-11
ﬁﬂ[ﬁk%(l-meﬂlyl—él--phenyl-l , 2, 3, 6-tetrahydropyridine,,
MPTP; Hit5 : 23007-85-4, fH[H Sigma-Aldrich) ; Hili
U 205 ¥ AL i (tyrosine hydroxylase, TH) HTi (it
51 ab137869, & [E] Abcam 23 1)) ; TMEM175 £ 7@l
PGS . 19925-1-AP, I =JE/\F]) ; GAPDH H#
TERERUARGE S 60004-1-1G, FIX = /N H]); HRP
FRCFEPU R P A S S0001, YT Affinity 23 7)) ; $T
R (IS . A1810, b5 Solarbio 23 7)) ; TBST 2%
PR (it : BL315B, Jt3T Biosharp A Fl); ECLAL &
SCIEY R (15 BL520A, U5 Biosharp A #));
0 5 Y 2 [ Marker(fit %5 : BL712A, 4t 5¢ Biosharp
75 ) s BCATR R & (it . PC0020, Jb 5 Solarbio 2
F)); R RIPA ZH 21/ 240 Jf HRGsE 24l (FiE- 55 - ROO10,
Jb 7T Solarbio 2 7)) 3 5 x Tris— H 2 B H1, Pk 22 wh ik (it
51 T1070, b 5% Solarbio 28 F]); 10 x HL Kk 5% 7 2% v
T G5 D1060, 65T Solarbio 23 F)) 3 BEAEI#5 (it5-:
1172GR100, % [E BioFroxx 2\ 7)) ; Beclin 1 ELISA i
F &5 ELK9229, ®IXFHE/A F]); LC3A ELISA
WA &S EM1509, SIEERAF]) ; PR
15355 BV (L5« BL170A, b5 Biosharp 23 7); SDS-
PAGE % Ji¢ PR 3 ] £ 38 57 & (L 5. BL565B, Jb ¢
Biosharp 22 F]) ; DAB & 2500 & (5 Z1L1-9018, Jb
PSR AFD; R ARKNNH &S PV-
9001, At HHAZ A HD) 5 B IE & 1l 3 (it -
ZL1-9056, L T AZ &M A Al 5 PBS- IR ER 2% vhh
JKA0X) G5 AM9625, £ [E Thermo Fisher Scientific
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5Tl 5 4%PFA [H 5 i (5« BL539A, Jb 5 Biosharp
AED; S TAY) TREARAED; TRIzo™
AN HES : 15596018CN, FE[E Thermo Fisher Scientific
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FHME

5. TMEM175 5 4-AP /9 X #5245 & J1 52 5. M
RCSB & H %8 1% (http: //www.rcsb.org) T2 TMEM175
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5'-AAAGACAGCCGCAACAAAACACAG-3'; GAPDH
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10. 5832 . KR 4.1.0 F1SPSS 19.0 #E47
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By, ST AHESIE T, 4-AP 5 TMEM175 Y454 fig
i AutoDock Vina P15, Al 454 PyMol Al
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Bro SANRGLES , DLP < 0.05 HERA G2 X,
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2. TMEM175 5 4-AP 43 F%4% : 4-AP 5 TMEM175
HIXTHEPE 734 —4.1 keal/mol, R ] FI R 456 o
4-AP 5 TMEM175 2 [8] (1 25 A 5 2230 o S8 i
KAE 7 KA BAE HSC 8, Horr, TMEM175
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4 it 2% 2 X (P < 0.01), 4-AP+MPTP 4 ) TH & 1
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ULEI 3B, &2, fEmRNAFRIEKF- I, 4-APZ /MR
TH mRNA F ik 5XT A L, 25 BHEITFE X
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4. 4% 4 /N B2 B TMEM175 3 15: 7F Western
blot SEEGH, S5XFHRAL HLHL, 4-APALAY/ N TMEM175
Tk K FFE(P < 0.05); MPTP 4 1 TMEM175
UK T X BB 4L(P < 0.05), 75 4-AP+MPTP 41
H, TMEM175 25 A 2635 HH A MPTP 24 T FRE(P <
0.001), WK 4. %3, 4-APZH/NE TMEM175 mRNA
FEK T MPTPZH TMEM 175 mRNA 3k 5 T4 iR 4H
(P <0.01), 4-AP+MPTP £ /Y /)N L TMEM175 mRNA
TR MPTP 4145 AR (P < 0.01)
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B Xof B4 4-AP#
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lwv"’\! Naa .: -
4-AP+MPTP4H
4-AP+MPTPZH
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1 MPTP 1- I3k —4-2K3E -1, 2, 3, 6- DUSENE ; 4-AP 4- ZIENMENE ; J7HE N ISR AREL: % 200
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5. 45 2H /NG PR BT A KT LR : MPTP 41/ R,
(I LC3A Y B T X R 41(P < 0.01), 4-AP+MPTP 4
LC3A M A% T MPTP 41 %I (P < 0.05) . MPTP4H
Beclin-1 ¢ & FH5 (P < 0.001), 4-AP+MPTP £H Beclin-1
W AR MPTP 41 R (P < 0.05), L3R4,

WHig AR RGN T 4-APTEPD /MR
B e il 22 OR3P A L DR R0 R 0
J1o ABFFEEE R BN, 4-APREME 3 MPTP IS &

(1 PD /)N BB 7 (1) 42 2 D) B, 3 & B Al TMEM175
F3h SR A WEAKE, WA 2 e £ ou B .
TMEM 175 J&— PP 28 38, %5 T ZERF 4 [ A
Ve ffims e 2 e, 4-APS 25 & 14l
WE RN 1 A2, VRS —Fh AT 2000 B R I T4 B 3
BELWE , fre S TR T M et Rt ASHITSY
S5 IR, 4-AP 5 TMEM175 3 38 i 431X $ 45 4
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R2 AUAUMATHRIEERL & +5)

20 51 N4  TH/GAPDHZEF  TH/GAPDH mRNA
payiistd:l 3 1.01+0.14 1.04£0.18
4-APH 3 0.92+0.11° 0.93+0.16"
MPTP 4] 3 0.44 £ 0.07° 0.31 = 0.07°
4-AP+MPTP 41 3 0.84 +0.09" 0.88 + 0.06"

TE: 5MPTPALLER, *P < 0.05, "P < 0.01; SxTERAL A, P <
0.01,"P < 0.001; 4-AP 4- 4 IEMENE ; MPTP 1- 3t 4- 2% -1,2,3,
6— VUZLIE ; TH 2R 72 (L

XHIBZ  4-APZH MPTP4] 4-AP+MPTPZ

TMEM175 | — - O e— |

CAPDH|—---|

. TMEM175 85 35 F 1755 4-AP 4- Z JE0L0E; MPTP 1- B 3% —4- 2%
H-1,2,3, 6- UENLIE
El4  Western blotting VAN 21 /N U TMEM 175 2 [ 1 2235 K 7
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