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KB/NF-kBHE IFRA/KT . R 5 PBS ALY, MPP2H 4 HLA7 15 25 [ HLE Mk BE AP , TUNEL % 62 B 20 B 250 22 , Bel-2/
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TLR2/NF-kB pathway mediates MPP-induced apoptosis and autophagy in RSC96 cells

LI Yangxia', TONG Qing', CHENG Yue', GENG Yao', WANG Tiantian’,ZHANG Kezhong""

'Department of Neurology , the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029;°Department
of Pharmacology ,School of Basic Medical Sciences , Nanjing Medical University , Nanjing 211166, China

[Abstract] Objective: To investigate the relationship between TLR2/NF-kB signaling pathway and the apoptosis and autophagy
dysfunction of RSC96 cells induced by 1-methyl-4-phenyl-pyridinium (MPP*). Methods: RSC96 cells were divided into the PBS group,
MPP * group, and MPP *+ CU - CPT22 group. Cell survival rate was detected using CCK - 8 after treatment with different MPP *
concentrations (0.1,0.3,0.5,0.7,0.9 mmol/L). Cell apoptosis was detected by TUNEL staining. RT-qPCR was performed to detect the
TLR2 mRNA level. Western blot was performed to detect the expression levels of apoptosis related indicators Bel - 2/Bax, cleaved
caspase-3/caspase-3, autophagy -related indicators LC3II/LC31 and P62, as well as TLR2 and p-NF-kB/NF-«kB. Results: Compared
with the PBS group, the cell viability of the MPP* group decreased in a concentration -dependent manner, the number of TUNEL-
staining positive cells increased, the ratio of Bel-2/Bax decreased while cleaved caspase-3/caspase-3 ratio increased, as well as had a
decrease in the ratio of LC3 II/LC3 I and an increase in P62 and p-NF-«kB/NF-«B ratio elvel. RT-qPCR and Western blot results
showed that MPP " upregulated the expression of TLR2. In addition, compared with the MPP* group, the MPP "+ CU - CPT22 group
showed a decrease in the number of TUNEL-staining positive cells, an increase in Bel-2/Bax level ,and a decrease in cleaved caspase-3/
caspase - 3 ratio. Meanwhile, LC3 [[/LC3 I ratio was increased, and the P62 expression level was decreased. Conclusion: MPP*
stimulation induced apoptosis and the imbalance of autophagy in RSC96 cells, and the mechanism may be related to the activation of
the TLR2/NF-kB signaling pathway.
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M4 7597 (Parkinson’ s disease , PD ) J&—F i UL
()5 AW AH DG A P 28 R GEIRA THEBEN , 500 29%~3%
165 % LA EAEE" . BRILEY Ay Shsk s ab , BT
AR — 2R S e AR, QM os JRR L [ F Rl
DIRE AL AR PR AT Rt R A5 45 | X SRR TE 12 T
S WY 4 AR I R RFSEERAE SR i I B A R BIL
8RR Z A RHONR

PD g B 3 R P 5T 22 L R g A 48 00 25 2R R
G/ IMARTITE R, PR Ak o- 2 filiA% & 11 (phosphory-
lated-a-synuclein , p-a-syn ) J2& 44 Bl 5§ 5 /M 2 22,
A3 PHTSS A WEVE e A AR AR S
MEE AR, 5 A R G IR % UM G .
DI A B, A W 2R 8 AT 3 Bla- 28 il A% 22 A
(a-synuclein, a-syn) () 55 AL | A2 JF 7 AT ik
L AR VN1 S T N

Toll ££ 5% # (toll - like receptor, TLR) , JuH 2
TLR2 FI TLR4, /£ PD & H 2634, B3 5 P Ma-syn
AUSREE T . AT AFRATTN 1-F k-4 8 8E-1,2,3, 6- 11
UM E ER R £L (1-methyl-4-phenyl-1,2, 3, 6-tetrahy-
dropyridine, MPTP) {81 PD /)s AR B #1284 1000 1
S5 R BN AT AEFIE KA, TLR27E MPTP 41 2 3%
AT BOR B A UESE R BT, TLR2 7R 35 M 2250
FIBELL K a-syn (TR R R FEE SR T KA i
15 TLR2 40435 F Wi AR, IR BRI
L, PD R E M2 MPTP /N AR B2 i ik A
UEAE AS3T a-syn HY R Bk i 22 BRI T f e — e T
JFERIREIR , a2 v, S 2
A B REANAE (Schwann cell,SC) K , IR M2 E] SC
H p-a-syn I TTRL, iX $27R SC 451 3 7E PD A8 fif 28
o 28 T RvE B AG FN 3 M T e A b AR
PRI Ak BT C RS A MPTPAE A bt
7% PD [ 0 2 Dy RE R AR T 35 . BRI
TLR2 2125 SCHT- 5 AW A it — P,

PRt , A BIEFEAE AR S A1 B K F- W% PD H SC 2
AR T S AR RERRAG , FE— PR MPP i
T SC A g5 P T REFRAT AL, LU R PD B
F A T R R A Y A AR B BT 1Y DA

1 #RFTTE

1.1 A

MPP* (Sigma 2~ 7] , £ [ ) , CU-CPT22 (MCE 2
A}, &), TUNEL J5 20 A Al i250] (FITC ( F
WA T A TRy A RS w)) , CCK-8 35 &
(APExBIO 24 F), S5 , Lo 6K 3 R 7l (3% DA-

PD) (b 2 ERHEA FRA ), TLR2 H44 (Abcam
yal HEE)  p-NF-kBHUA NF-«BHLIA (CSTAF,
F [ ), Bel-2(SAB 2y H], 3 [#) , Bax , caspase-3 (CST
oAl B, LC3 P62 I EHL A 1gG i 1T R
IeG PLAK (Proteintech, 3¢ [H ) , 2% 6 B 5% (Olympus
oNHl L HA) , bR (FLx800™, Bio-Tek 23wl , 36
), Tanon5200 4= F shfb = &R i 240 (1
M RAERHEABR A )
12 Fi#k
1.2.1 RSC96 @ feL3& x5 4540

RSCO6 4 ik A F 2D 58 A B A BR 2
AL S A 10% 064 ML 1% 55 R /4E S E
Dulbecco i i Eagle ¥5 77 2, B T 5%C0,.37 CHi
R TRE SR B 2~3 d AT IR . ANIRBERL 2l
PBS 4 (5 MPP" 45 1A B PBS At # 24 h) . MPP* 4
(0.5 mmol/L MPP* b3 24 h) 1 MPP*+CU-CPT22 4H
(8 wmol/L CU-CPT22, fdi Ffl DMSO 1 FI i )™
1.2.2  CCK-8 i 4m f 7 % 5

it I CCK-8 6 0 241 A7 756 35, # IR 1< 10 4~/4L
145 2 4% RSCO6 4 L #7096 FLARUT , O A
9 % 41 i s FE MPP*(0,0.1.,0.3,0.5,0.7 0.9 mmol/L)
PEATALER, 24 h JE FP R IHBE IR, AR /A 9 1 L5
HiC 48 1) CCK-8 VA , J AR A0 IR & 1 h 5 i g b
AXAE 450 nm A ARSI I S BE (R, 40 R A7 T #e= (MPP*
ZH WO B -5 ALY R )/ (PBS RO FE -5 1 AL
WOGREE) Ix100%
1.2.3 TUNEL#Mm| 28 fe 8 = K-

16 24 FLA RN AN ARIC i, RN B 3R AR ROtk
A RAFAT oAb P 24 b, BUH IS PBS sk 2 1K, BEK
5 min, Z N 4% 2 5 H 1 E 60 min, J5 2645
V4 BRI 15 BT U DA 7o (8 F 5 DAPL B 28t
VKGN I R IR DO AR T WA, TUNEL 42 €2 FH
PR A 2 B R, AR I - B3 AR R B il
SR BHE AN BOE , I GE 1T 4 5K € 7 BHPEAR M 5 L,
i GraphPad Prism 9 #4748 11404 1ol |
1.2.4 #mhe 2% G R I F Western blot

i it 22 4b BE 24 h 5 B FE 46 TR ECH | £ PBS
SRR R 3 UK, BER S min, DA AT 25 A R0 6
TR R BT 7 A RIPA S0, ) N 405 vk
ZU# 30 min, 7£ 4 °C .12 000 r/min 555 F 250> 15 min,
W B3 i BCA IR G T e i, bR
Y174 30 pg, SDS-PAGE 80 V 1H FE HL YK , 300 mA {H i
& PVDF I J5 , TBST L i 5% 15t g 04 b3 5 W, 3 1A
2 h, TBST ##E 3 YK, 5K 10 min, —PiH% B kb P62
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“}71:800, B-actin >4 1:5 000, F:4 21 1:1 000,4 C
WEE 1, TBST YEME 3 Wk o P #f bb 1l “Ehrf4k
1:5000., 1EPEEL 1:5 000, = IRMFE 1.5 h, FRRBE
JEJS T N ECL & SGRAE AL AR R G h 5,
Image J Geit 55407 I BEAE AT A 1K
12.5 $rE#PCR

AR 45 4 RSCO6 2 it - 4 HUEL RNA |, fiff 3 4%
S AR R & RNA 303 5% 5% eDNA |, 52 B 2 1 PCR
(real -time quantitative PCR, RT - qPCR) i F 5 I
TLR2 & H Rk Ko 514975 TLR2(F:5'-TC-
CATGTCCTGGTTGACTGG-3,R:5 -AGGAGAAGG-
GCACAGCAGAC-3"),GAPDH(F:5' -TGAAGGTCG-
GTGTCAACGGATTTGGC -3’ , R: 5" - CATGTAGGC-
CATGAGGTCCACCAC-3'),
13 %itsr ik

i F GraphPad Prism 9 34 3647 45 1124 53 #7 -
Bl P B AR IR (X + ) F6/8 , WL ) LR

A 150

(=]
S

%
(=]

D(450 nm)

0

k5., P<0.05 NESAGIT¥EXL,
2 # R

2.1 MPP 394 RSCO6 28 iei& 71 , ) B if - 40 i B

CCK-8 45/ , AHHL T PBS 41, RSC96 Afififi 28
ASTR]He BE MPP*(0.1.,0.3.0.5.0.7..0.9 mmol/L) kb P 5
BRI T R, HA2 PR AR (B 1A, BEFEAS
5 E AR B LT MPP I % (0.5 mmol/L) i7F
TR 4505 . TUNEL e (o 45 5 5 7, 5 PBS 4 A
F, MPP* 4 FH P4 A 25 5 3 in (&1 1B .C) , #2718 MPP”
7P RSCO6 AU B LA T . Western blot £5 R i/,
55 PBS ZH AH Lt , MPP*2H 4 ifd cleaved caspase-3/cas-
pase-3 KT+ & (1D E) , [A] B} Bel-2/Bax 7K A
(F1D.F). £ F,MPP'i%S RSCO6 AL JA T, %
A FE RE
2.2 MPPTML& RSCO6 2m fitl, B # 7K -F-

N T HRSE MPP X RSCO6 4 fits [ W 7K SF- o s i,

ﬂﬂﬂ

PBSOI 03 0.5 0.7 0.9

B DAPI TUNEL

PBS MPP*
caspase-3 W— w— 35 kDa
cleaved caspase-3/ "!f 16 kDa
Bractin we— — ) | a
Bel-2 [ 26 kDa
Bax| s s 20 kDa

B-actin - s /1) kDa

PBS

MPP*

A+ CCK-8 KA ] 1 Ji MPP il #U5 RSCO6 A3 51 /K - (n=9) ; B: 4541 TUNEL e {6 25 5 5 C.

Merge(x10)

TR PRI ek

cleaved (:aspase—fv/
caspase-3

MPP ( mmol/L)

Ldr;j((X4())
10
% g
2
§ 6
=4
g 2
= 0
&= PBS MPP'
1.5 N F 15
[H kK
w3 —
1.0 S 10
ar
05 ¥ 05
) 2Z0
&S
0 0
PBS MPP' PBS MPP'

20 TUNEL BH: 408 B 43 b 9 o 243 B7

(n=4);D: %4 cleaved ca aspase-3/ caspase-3 F Bel-2/Bax £ FH F A ACEAC R MEEME ; E: 44 cleaved caspase-3/caspase-3 FHFBKEERE

B (n=3);F: 4541 Bel-2/Bax 2 (1435 K -1 5 1 F A (n=3)

. PR4LIb#E,P<0.05,7P<0.01,

"'P<0.001,

E1 MPP" 1?5# RSC96 4EE /1 TR ST
Figure 1 MPP" induces decreased viability and apoptosis in RSC96 cells
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K Western blot &I 241 i LC3 11 /LC3 1 F1 P62 51
FRikIKFo G5RBR, AH L PBS 4L, MPP* 4] LC3 1T/
LC3 T RiL PR (K 2A .B) , [F]H P62 7K~F- Tt i (&
2A.C), 378 MPPIIHI 20 (3
2.3  MPP*i#% 3 RSC96 %m i, TLR2/NF -kB 1% 5 i %
HE

K H RT-qPCR F1 Western blot 4351 K6 {1 21 itg P
TLR2 % sg fIE 13RI KF , 45 R BoR , MPP 5
RSCI6 41 it PN TLR2 ¥ 56 /K F-_F i (€ 3A) , [Rl s 2

A B

L3l PBS MPP* 16 kD » 1.5
e a il

LC3 I - 14 KDa — 4

B-actin -4 kDa S ﬂg L0
=~ =

o2 [N 62 kDa - Zos
[B-actin —42 kDa — s

0

Mk (K 3B.C) , L4 Western blot 25 3 i
7~ , MPP Il 5 RSCO6 4H A N p-NF-kB/NF-kB 7K F-
THE (EI3B.D) o DA 2533538 MPP i 3 41 iy
TLR2/NF-«B {5530 F& A0 -
2.4 #pH TLR24 /%27 MPP #5569 40 f 8 =

g T #E—4 # B] TLR2/NF-«B {5 538 B§ 7 MPP*
P53 1 RSCO6 20 M T~ A R VE M, ffiFH TLR 1/2
FEHUH CU-CPT22 #i TLR2 A £ 3% . TUNEL 4 (%,
5 R, i TLR2 AKX T TUNEL BH: 44 i %5 B

€20
£
s
=
= 1.0

9 0.5
0

AR

P62

PBS MPP* PBS MPP*

A: Western blot 845 21 40 fifd 1.C3 [T /L.C3 1 1 P62 2 (4 F A AR ME NS B A4 LC3 M/LC3 T 8 AR A KA 2 B2 AR (n=3) ;C: %%

21 P62 1R [ 36k /K V-1 HE Fo i (n=3) . WZH 48, "P<0.05,7P<0.01,

E2 MPP'%S RSC6 4R B Mk 1R
Figure 2 MPP"induces a decrease in autophagy in RSC96 cells

A 25 B PBS MPP'
<th e 2.0 P-NF-KB e s 65 kDa
né Ké 15 NF-KB s s (5 kDa
Sz10 B-actin wm— — 47 kDa
=%0s TLR2 === S 39 kDa

(=]

B-actin Se———) | Da

PBS MPP*

A:RT-qPCR K45 40 1A TLR2 mRNA FIXT 2 15 /K- (n=8) ; B: Western blot 6145 41 4 TLR2 il p-NF-k B/NF-kB 25 [ ik /K AR £ vk
PR 5 C: 45 2H TLR2 3 3R 35K T (93 1 L (n=3) 3 D : %2 p-NF-kB/NF-kB 8 1133571 5 LU (n=3) . WL UL, "P<0.05,7P<0.01,
P <0.001,

C D

—_
W
*

N W A
[
(=]

TLR2
H AN KA

<
n

p-NF-«B/NF-kB
AN Rk

(=]
(=]

PBS MPP* PBS MPP”

E3 MPP' RSC96 41fi% S TLR2/NF-kB {5 5 & B HUEGE
Figure 3 MPP" stimulation induces activation of TLR2/NF-kB signaling pathway in RSC96 cells

(’14A .B). RT-qPCRZ5R o, fii ] CU-CPT22 /]
FAAI RSCO6 41 fifd TLR2 mRNA % 5% /K F- (1 4C) . [FA]
B, {i FH Western blot A6 00 21 Jfo 4 T 25 1 22 ik 1E 4
g5 R BN, 5 MPP 41 AH tb , MPP '+ CU-CPT22 41
cleaved caspase3/caspase3 KT (R 4D . E) , Bel2/
Bax % iA i F (B 4D F), DL b 45 B4 32 R 4 4
TLR2 A% 7 MPP 5 A4 T
2.5 %) TLR2 4 2 T MPP i 589 ta fl B w2 /K T
89 1K

Jp T i B TLR2/NF-k B {551 % 75 MPP*
755 1 RSCO6 21 H I W v & #5  VE T, 43 il e
MPP* il 3 A1 MPP 338 11 [R] B 45 7> CU-CPT22 J& H
WEAH R K. Western blot 4558 .7~ , #H H MPP?
ZH , MPP*+CU-CPT22 41 PSCO6 #i Jifd LC3 T /L.C3 [ &

AN (8 5A .B) , P62 2 11 & i P I (KT 5A .
C), A 28 B4R ] TLR2 7T 2% f MPP* 55 3 1
RSC96 2 ifl [ W AKF- 1) F B, 1E— 25 130 B MPP" 5
T 1Y RSC96 4 il 7 Wit /K °F- T B 5 TLR2/NF-kB {5
3 S A G

3 #

MR R GUPN e A AR ) TR SR YA, AR
ok, PD R Y B N T RS g . A
M2 IREREIFVE N PD IR R R Z — N E K2
HepD B, B BURE T B LA AT A
B, R OS2 B ATR SGTE™ . HET,PD A &
Mz Dy RERE AT 1 & AR AL i R B8, HRR s A
Ptk
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Sz 05 caspase-3 wms s 35 kDa e - = |
EET cleaved (:as;)ast:—3/_ 16 kDa % & [
0 B-actin — — 1) | ]), E e 0
o Q@} Bel-2 [N 26 kDa ~ q@f’
» (}\,(» Bax | —— 20 kDa S\Q\S’Q
R B-actin WG 4 kDa 7

A4 TUNEL G 05559 B & 41 TUNEL BHEEAIAR 1 43 LU IR A8 H 08T (n=4) 5 C: RT-qPCR K25 ZH 40 TLR2 mRNA AR 357K (n=8) ;
D: Western blot #5145 4121 fd cleaved caspase-3/caspase-3 Fl Bel-2/Bax 2 [ 85 /KA CRME IR  E: 441 cleaved caspase-3/caspase-3 8 [143A57K
R T LR (n=3) s F: 4541 Bel-2/Bax i (AN K TR LA (n=3) . A LLER, "P<0.01,
E4 34 TLR2 F % MPP+i% S8 RSCY6 LA A A T
Figure 4 Inhibition of TLR2 attenuates MPP"-induced apoptosis in RSC96 cells

A B C
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Cﬁrﬂ it ok X
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W S z 10
. ) Sl m
LC3 1 16 kDa = x
rc3 I ;S (D = i'ii | 0.5
B-actin "42 kDa — b %\lﬂ{
O
P2 [ ) | ), 0 R =~ 0.0
NS
B-actin s s 42 kDa ® ()\’5»('\1
X .
g W

A+ Western blot #6145 41 1A LC3 T /L.C3 T F1 P62 25 4 e Ih K AR LM EMG s B 440 LC3 TT/LC3 T B R IA KA i i (n=3) ;C: 45

41 P62 3 H AR K HIE R ILE (n=3) . PILLELEL, P<0.05,

E5 0% TLR2 Z#% MPP'i S RSCI6 41 A B g7k F B FER
Figure 5 Inhibition of TLR2 alleviates MPP*-induced reduction in autophagy level in RSC96 cells
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d

5 HER 1 22 2T EAR B A, i 224 3 o P2 il 1
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Al B 22 [T HH B BEBE A A, SC K AL, B>
2 M 2 I, LI P 8 A e 22 T E R A
PHEEJRAE R VIR o SR, AR A LATE B9
PPRAEARACE- | i ARAE A AR HA e A K
AJREBLE . RSCO6 AL 2 ) 2 W T-H PR ] ]
M2 ERHSURBIOETE , HAT R R AR, v 2
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UAEAR S, R, AHFFE A RSCO6 41 e 7 |, i
1 MPP il #0375 5 PDSC AR | 5% 240 i 453453 S Hmp
REAL

20 e 308 3 R TR [ T bR 2 B A A, —
BAHERIZ), CRE . AT RERES i R T)
RB R I LR AR B AR S I B I TR A, B2 D
PRI TR IAR . A WS FE R IR AN [H]
TR IS PO IO T, SR T 24 3 ol 7 SR8 )
— B S R EE AT PR B, MPTP
VA2 CIA T 5 PD G B kAR A7 oh [ A5 5 D) A
K2 BRI, BEAE WY R Z 4% ik £ [ e R
280 /IS ST A B AT IS T L, Al A1 i s 2
LRI 28 A S /b o ACHIF 98 4 SCL K T MPPT
Ab PRI RSC6 21 MG 5t Ak 1 S8 Tk, S5 REAAT
TRAEHR— 2, M2 MPP LS , cleaved caspase-3/
caspase-3 KT 5, Bel-2/Bax 7K T, TUNEL 4t
BTN H 3 2 SR AR T KPR e

7E A Mg FR R LC3 T 80z R F M TA& 1,
PFAELC3 I, LC3 I MR s 5 A WA IEA .
P2 S —Fl [ W 152 26 11, 76 [ Wk 9 1 2 AN Ty
Wit , 24 [ We 2 L, P62 K Th i . WFsE & B,
MPP*# 3 2 P i i 32 (R S 1 e 1 3] 22 2L B g A
oo, 5l R Mo BE A RER R R SR, 7E
BT, MPP il RSCO6 4ii g J LC3 11 /L.C3 1 i
F R FE, R P62 /K- T i , 475 MPPi%5 S RSC96
YA A WD X 0] RE S SC AR A bl i 5 4 A 7
PD 1 B s o k) — R R AL , i T 2
PRSI I — 2 WF 55 A R BsFHU) PD A1 J& 42 SC 4544
SIhREHIAE , U RS B AAAE SCISE A . AT IFFE i
e/ A8 0 S o-syn TSR LR 465 K T piE
G S5 A4 A 34 A, /N B B R 55 S B T R AL
SR HRAX I H B S A B B R e b 22
ARG P2 5 AN AR TR A RIS o

TLR A 5 BRAR AR 52 48, )32 43 A F i
ARG A, - ELRE A R A0 M5 45 A 56 43 1
AT Sl BB 28 S > s AR 9 4138 TLR2 #%
T T 0 06 40 0 Bk ok R A Hh I A AR R T
BEAR, 3] TLR2 B S 0% JE R /) BRI 41 i 452 75 o
H W 30 , P2 o-syn I BR , #5878 TLR2 T REVE M
PD S5 pi 23R A TR B WO SR IS A FEAR . TLR2
FE PR 22 J5 ST A0 i b s 220k L2 A8 M 5 PD &R
B A G, 3 A TLR2 i 42 ST /N B o 40 I R 05 15 =
PREBEPES S IS AR /N BT 40 M5 3 i 22 98 TLR2/
INKC A % (0 3005 S Sk 28 o0 A W 2L, ki fe it 7

a-syn YRR PR OTRI T 4™ o T2 R MR
/N BUA N 75 5 TLR2 Tiif 32 7] AR TLR2 {5 5 5%
M SR BE RN 18 52, S /R PRAR S R e (5 5
T AREAE Sy — RGBT 2 R PR SOAE MBS 1B 2
LUp7 RS
Hir U3 8 7% % B SC i Bk TLR2 1] 50 3 g 34 7k
o-syn 5 T BYRETE M50, T80 G2 i PD IR BT 4K
WA B2 RER AT . MPTP /)N B AR # 22
TLR2 /K- b8 H A 1 28 1 5 0 0 1 55 2 3
A B R TLR2 (9330 55 PD & Bl 22458 47 %% )
FH OG0 A58 DB S 0B 1 K- 20 3l Al T
MPP*H38 F RSC96 4 ifs TLR2/NF-«B {55 5 BR i I%
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