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Establishment of a cellular model of Parkinson disease by treating differentiated SH-SYSY
cells with a-synuclein preformed fibrils
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Abstract Objective To establish a cellular model of Parkinson disease by treating retinoic acid (RA)-differentiated SH-SY5Y cells
with a-synuclein preformed fibrils (a-Syn PFF). Methods SH-SYSY cells were divided into undifferentiated and RA-differentiated
eroups. The expression levels of tyrosine hydroxylase (TH),dopamine transporter (DAT),lymphocyte activation gene 3 (LAG3),and
Nestin proteins in the cells were detected using Western blotting, whereas those of microtubule-associated protein 2 (MAP2) and neu-
ronal nuclei (NeuN) were detected using immunofluorescence staining. Furthermore , RA-treated SH-SY5Y cells were divided into control
and a-Syn PFF groups, and their levels of chromatin condensation were detected using Hoechst 33342 staining. Nitric oxide (NO) levels
were measured using a NO assay kit. Additionally, the protein levels of TH, poly (ADP-ribose) (PAR),and poly (ADP-ribose) poly-
merase (PARP) in these cells were detected using Western blotting, whereas their expression levels of phosphorylated a-Syn (pS129-
a-Syn) and phosphorylated histone H2AX (yH2AX) were detected using immunofluorescence staining. Results Treatment with RA
resulted in a reduction in cell body size and the elongation of protrusions in SH-SY5Y cells. The results of Western blotting showed that
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RA treatment could increase the TH,DAT, and LLAG3 levels and decrease the Nestin level in SH-SY5Y cells (P < 0.05). a-Syn PFF treat-
ment decreased the TH protein level and increased the PAR,PARP-1,and cleaved PARP-1 levels in differentiated SH-SY5Y cells (P<
0.05). According to the immunofluorescence results, RA treatment increased the expression levels of MAP2 and NeuN in SH-SY5Y cells (P <
0.001). The a -Syn PFF treatment increased the expression levels of YH2AX and pS129-a-Syn in RA-differentiated SH-SY5Y cells (P <
0.01). The Hoechst 33342 staining results showed that « -Syn PFF treatment led to chromatin condensation in the differentiated SH-SY5Y
cells (P <0.001) and increased the NO levels (P < 0.01). Conclusion A cellular model of Parkinson disease can be established by

treating RA-differentiated SH-SY5Y cells with a-Syn PFF.
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P14 Z%9 (Parkinson disease , PD) +2 5 SR ALK
BT /R U R B R B TR, 2 & TR
BEELSOR AR T 20404F 2Bk 256 A BRIk
#142077 % o -2l I (a-synuclein, a-Syn) 5
R AETY WU 5y VR S 8 B0 T 22 T R RE M 48
TSR H: T B B ARAE ) . - Syn T 2T 2
PSR 5T AF SR BT ST PG BEBEFE A P S R | %
RS A PD B 49 78 A S M X BELER 1] 3] ) o-Syn S
WREIAEE FHA 5 B L BRI 2 e ]
a-Syn REMIE LS BTG

2 PR T o A R 1 LA 2T 44 (a-synu-
clein preformed fibrils , a-Syn PFF) #:57 PD/N R AR A 2
A AP A A Flo-Syn PRFHLEE 2 57 PDIA A1 41
FUAERL, X FPD AR IR ML BT T 25 oG %
B Lo PDRIFGE i die ) 12 foff FH %) 200 i 3R 2 A Ao
Z5F): 240 I 98 40 it (SH-SYS Y40 fif), (H iz 4m ig N B
B 2T R RRAE , T AR B B4 5 i 2 fef
PLHR (retinoic acid, RA) FHZ AN /b0 AT A
2 TCRHIE R 4 . BT, a-Syn PFFIf S A9PD4
PR EL & A FH TR/ N BRUVE i B2 2 i 228 (R B 5 i
RN EBIRIG B2 R M ool BN B 2% R R Tk AT
PDIAYT 25 (T8 S5 56 , T A 434k A SH-SYS Y 241 it
Xfo-Syn PEFA5 5 AN U o PR, ARAIF 5% ' FE 8330 08
Fo-Syn PFFAR 3R A 7316 1 SH-SYS Y 24 Jifd 2 37 PD4H
AR AT 7

1 #R57F=%

L1 5 5

RAIG H %@Sigma—Aldrich//}ﬁj ,a-Syn PFFI H
% [E GeneTexA T , Hoechst333420 F 32 [E Thermoki-
sher ScientificZy 7, — %8 /L A& (nitric oxide, NO) & =

R R @ B A T A TR (i) By A BR 2

A,0.25% I . =PI AW Ham’s F128555
EMEM# 5% 3 DMEME; 77 56 Jig 4 007E W A &
R Wisent 4 W1 AR A PR R 5 RIE 2 U2
(dopamine transporter, DAT) F. 58 [ 470 & (MAB369),
B 5 S5 2 11 (Nestin) B 50 BEHTIR (MAB5326) e i
fi% AR AL (tyrosine hydroxylase, TH) £ i BEHT 1A
(AB152). fR I 28 JC ¢ 5 4% 5 H (neuronal nuclei,
NeuN) £ vE R4 14 (ABN78)., FLIE B IR Tho—28 fil k%
1 (pS129-a-synuclein, pS129-a-Syn) B 57 [ Hi 74
(MABN826) ., SR B iR L 41 2 F1H2A X (phosphoryla-
ted histone H2AX,yH2AX) B 73 [ 471 {4 (05-636) . %1
J5 L4 A 2 2 F2 (microtubule-associated protein 2,
MAP2) £ 5ilEdiiAk (M3696) ) [ 35 FEMerck /A ] 5 £
T5abk L A T% AL LRI 388 1 (Iymphocyte activation gene
3,LAG3) Z il Hiik (16616-1-AP) Iy [ 25 [ Pro-
teintechZy 7l s I 2R (ADP-#%8) B85 1 (PARP) B
TE BB (9532) g [ 3 [ Cell Signaling Technology
75wl B SR (ADP-#Z M) (PAR) B 5EREHLIA (AG-
20T-0001) I [ 2 [ AdipoGen Life Science2 1l ; AR
ALY (HRP) ARic (9 1L A B S it (7074)
M3 A A Y B (HRP) A i L E-4t B =41 (7076)
i) I 32 [ Cell Signaling Technology s 7 .

{88 2% WA I F H AROlympus’Z 7] s Mini
Chemi TM# VRFUAL A7 e S BUAGA ) F AL S FE Al
BHEABR AT
1.2 Jiik
121 285 55 SH-SYS Y20 1 35 [ =0 3% 55
¥) B A7 2 (American type culture collection, ATCC),
BRT10%A4 105 %5 S5 Z - EARZRAW
HJHam’s FI2ZFIEMEM&;FREE T JHCE 37 °C.5%C0,
(20 ML TR A B R RS AR
122 495320 : RASHRSE 58 03 oK 53 Ak 2 SARA



S SREMRAE. Ao 2 il A BRI ZF AR T 2 AL AISH-SY S Y 240 B 8 57 1 45 A 200 A 2 -7

IR BB K B SH-SYS Y41 L, 43 S AS &
RARYEEFEIHE K2 510 wmol/L RARYE; FEHEHE % ;-Syn
PFFAE % 5256 3 M control 2 K a-Syn PFFZH , BLZRA
b IE BISH-SYS Y40l , 43 5 FHAS & a-Syn PRI
FHE N5 pg/mL o-Syn PFFREF FRFEE 7

123 40M 065 5% : SH-SYSY 40 M 10.25% i it
WAL)E , R T 10 wmol/L RA . 10% 15 25 LT 1%
HER-DIERARRA WA SHDMEME; =54, &
37 C.5%CO,M N B FRA R 7R, 4 dJF B I
A5 pg/mLifa-Syn PFF, A RS SRR RS RT 774 d.
1.2.4  HHMIEAFPHAL bl 2o M 5 K B >50
pmfi], BITA A 4 i 2 28534k BEATLIE 3% 22 /01001 21
ML HEAT BB AR, 18 P ImageJ 4R 2443 M 4 28 5T
20 M 5K B L T T 3K

1.2.5  Hoechst 33342 {5 I 40 il A% A5 19 22 4k -
PBSTH VEANIE 1Y, Ji A7 pmol/L. Hoechst 333423 (%,
TAEWF37 CHM NEDEIFE 15 min, BRI DR
1K, (58 2O W AE T K I 2€ ' . k- 4 41 it e A3
BE3A BB IR, 2 b S A 3K, LS i £
DEICAN A A0 MO ELABLAE Sk 0 A [ 45 L B3
1.2.6 NOF s A« A FHINO 7 2 K It 7 8 I
A INOZK - 45 L AN 250.25% BRI AL B0
PO AL, T UK DR R R, B0 SR R
WA & N O R, TR 2], EIEHHE 10 min
Jei foff 4 K AR A AES S0 il K A I 2 W '
{8, AR5 T B AL SNOAE Bl i, S5 a7 71 &2 3
o

1.2.7  Western blottingfllDAT Nestin , TH .LAG3
PAR .PARPZ A E &l « {5 FH S 0 25, 11 Tl R0l 1% il 10
il A RIPA L7 1 2 fife 45 AL R SH-SYS Y21 i,
BB W T Western blotting #6024 7= 1) 2:SDS-
PAGEHL K 43 B J& %% %% ZPVDFIIE | ff FH5%/i g
4= 45 £ 1190 min, 4K J5 %S ATDAT Nestin ,TH .LAG3
PAR .PARP B-actin (1 : 1000) —3i4 CrltIsEH,
S5 K Ad FHHRPFRIC 1G4t (1 5 000) 25 G0
A1 h, A 2% & AT o F Image 3114 3 A1 2 11
JREEAR, 56l Sr 23k, L H &R AR S5 N
SRR PR EAE ) LD H AR Rk .

1.2.8  PEVEYLORMMAP2 \NeuN ,pS129-a-Syn ,
YH2AXF 1K 1% 00 : PBSTH UE 40 M 1K, T A 4% R
FH 02t 2 L 1 7 4 AT h, B8 J5 PBS TR U IS U, A

0.19%Triton-X28 IR B 51 h, PBSI U6 J5 fin A 5%57 1fiL.
THERBEHL h, S8 )5 B IIMAP2 \NeuN | AIF \pS129-
a-Syn \YH2AX 414 Cid &I F , %2R H JIPBSIE
Ve 5 7 N Alexa Fluor® 488/555%¢ % —# (1 = 200)
FREEOEIEE 1 h, PBSHUE, MADAPI (1 : 5 000)
F DG S min, B85 0O0 WA TS W A
2t B AL 6 R 30 WL BT AT 8 IR, SRk S EE 3
W, A8 FImageJ A AT o Y
1.3 Geite et

K FHSPSS 23.048 A 3 , 1T TR
X £ 5378, 220 [H] WECR FHAMST BEAR G 35, P < 0.05K
ZRAGIEE L

2 #R

2.1 RAIFESFIMEXISH-SYSY AL A (520
Ao A HSH-SYSYAH i 52 42 JE , 40 it 58 i 5%
L, S8 A 1 0 (16.66 +2.30) wm , RAJT L 21
SH-SY5'Y 4t it Jfa ¢4 A5 /INAR 8], 240 5 e I J A A<
AL LR, TEAS b 42 A 28 TR AR, 20 P 28
AN (56.2 + 5.86) um, AR ML L, 22
SAEGEE L (P<0.001), WL,

A ,undifferentiated group; B, RA-differentiated group. Scale bar = 100

m.
Bl RAOULMERAFSHUHISH-SYSY MR
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A, Western blotting showing the TH,DAT, LAG3, and nestin protein levels; B, relative expression levels of the TH, DAT, LAG3, and Nestin proteins, each
standardized to the B-actin level ; C, immunofluorescence images showing the MAP2 levels (scale bar = 100 um) ; D, immunofluorescence images showing
the NeuN levels (scale bar = 100 wm) ; E, quantitative analysis of the MAP2 and NeuN fluorescence intensity levels. *P < 0.05,*%P < 0.01,***P < 0.001

vs. undifferentiated group.
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Fig.2 Effect of retinoic acid-induced differentiation on the expression of related proteins in SH-SY5Y cells
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A, Western blotting showing the TH,PAR,PARP-1,and cleaved PARP-1 protein levels of differentiated SH-SY5Y cells; B,NO levels of differentiated

SH-SYS5Y cells; C, relative expression levels of the TH,PAR,PARP-1,and cleaved PARP-1 proteins, each standardized to the B-actin level; D, immuno-

fluorescence images showing the pS129-a-Syn and YH2AX levels (scale bar = 20 pum) ; E, percentages of pS129-a-Syn- and yH2A X-positive cells. *P <

0.05,**%P < 0.01,***P < 0.001 vs. control group.
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Fig.3 Effect of o-Syn PFF on the expression of related proteins and NO levels of RA-differentiated SH-SY5Y cells
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A, fluorescence images of Hoechst 33342-stained differentiated SH-SY5Y cells (scale bar = 50 pm) ; B, percentage of cells with condensed nuclei.

##%P < 0.001 vs. control group.
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Fig.4 Effect of o-Syn PFFs on the nuclear morphology in RA-differentiated SH-SY5Y cells
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