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Silencing P2X4 receptor reduces apoptosis in Parkinson’s disease cell model

YUN Qiang', DONG Xue-jia’, LIU Ya-hong’, WANG Zhi-guang’, ZHANG Chun-yu’, JIANG Ming-fang™

1. Department of Neurosurgery, Inner Mongolia Autonomous Region People’s Hospital, Hohhot 010020, Inner Mongolia Autonomous
Region, China

2. Graduate School, Inner Mongolia Medical University, Hohhot 010058, Inner Mongolia Autonomous Region, China

3. Department of Neurology, The Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010059, Inner Mongolia Autonomous
Region, China

[ Abstract ] Objective To study the role of P2X4 receptor (P2X4R) in a cell model of Parkinson’s disease (PD).
Methods Treat human neuroblastoma cells SH-SY5Y with 6-hydroxydopamine (6-OHDA) to establish a Parkinson’s disease
cell model and detect the expression of P2X4R. P2X4R was silenced in SH-SYSY cells, cell viability was detected by cell
counting kit 8 (CCK-8), cell apoptosis was detected by flow cytometry, and the expression of apoptosis factors and pannexin 1
(PANXT1) was detected by Western blotting. Western blotting was used to detect the expression of Toll-like receptor 2 (TLR2)
protein when P2X4R was silenced, P2X4R was inhibited and PANX1 was overexpressed. TLR2 was overexpressed in PD
model cells, and cell viability, apoptosis, and apoptotic factor expression were examined. Results P2X4R protein and mRNA
expression levels in PD model cells treated with 100 and 150 pmol/L 6-OHDA were higher than those in control group (all P<<
0.05). After P2X4R silence, the apoptosis of PD model cells was significantly decreased and cell survival rate was significantly
increased; and the protein expression of cysteine aspartic acid specific protease (caspase) 3, cleaved caspase 3 and PANX1
was significantly decreased (all #<<0.05). The expression of TLR2 protein in PD model cells was decreased after silencing
P2X4R and inhibiting P2X4R (both P<<0.05). The expression of TLR2 protein was significantly decreased after PANX1
overexpression (P<<0.05). After TLR2 overexpression, the protein expression of caspase 3 and cleaved caspase 3 was
significantly decreased (both P<<0.05), and the cell survival rate was increased. Conclusion P2X4R may reduce apoptosis
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of PD model cells by regulating PANX1 and TLR2 expression.
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Jfi SH-SYSY (%85 AC217, Lilg@FmA=WRkHAa
FRAE] ) 5 2/ X # R (all-trans-retinoic acid,

atRA; %5 R2625, 2 [H Sigma /A ) ; FBS (4%
510099141, 3 [® Gibco 2> 7 ) ; 6-OHDA (1% =5
H4381, 100 mg; 2:[H Sigma /A ) ) ; P2X4R siRNA
( il G HEARGRRAT ) ;3 CCK-8 Kl iz
g (185 C008-3, ifFLilgE = EYRHEA RA
F] ) ; caspase 3 {i PEREINA R & (475 BC3830,

W RFEERARAF) 3 PANXL Fitik (185
91137, 100 uL; 2[E CST/AH] ) ; P2X4R $ifk (17
7 ab77434, 100 uL; % [E Abcam /A 7] ) ; TLR2
Hifk (475 ab213676, 100 uL; JilFl Abcam A H] ) ;
caspase 3 JUIA (35 9662, 100 uL; 3EE CST/AH );
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CSTA W) 3 skl & (585 K1622, E[H
Thermo AW] ) 5 AUMEIA TR (5845 A005-3,
i EEEREYRHCARAE) .
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B TC MG R TR, B E N S Y 2 6 R,
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JCRE (D) A, CCK-8 Bk 40 MG 22,

1.3 # M 2w i P2X4R #9 & 5 ¥ SH-SYSY 41
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i VY A I WA 4 40 B S 4 il 2E 4T P2X4R R RN
mRNA /KRG, P2X4R 2 K6 I 2R FH 25 A o Ep
Wk, et HUCAHML R 1, A I F UK R R,
HHA G BIIMA—UR Pt e, R A
HIEAEE BB RS T 5. P2X4R mRNA
R FH qPCR ¥, B S P2 HURE 5 RNA I 76 8 i
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YU St Ry ik 3 uL+siRNA 6 uL, B350
AT QI 2H, B IR 3 58 s SR Ak S b
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10 pmol/L 1Y) atRA #ATAMIE T, F444iA5 3 L+
SIRNA 6 pL X 5% Y2 55 % J5 A T AN LA, Tt
FEIICEANN . 405 3 4H: PD+P2X4R siRNA
( P2X4R JLER4 ) . PD+P2X4R siRNA+pCMV3-
NCV (75 J5i R0 X B 41 ) 1 PD+P2X4R siRNA+
pCMV3-TLR2 (TLR2 i %3k 2H ) , >R H] CCK-8 %
o I 240 BTG 2%, 30 e e A A T 240 A T 15
e, FHER 5T B A U 2 il Hh caspase 3 1 cleaved
caspase 3 [FIA

1.7 “itsabz® ] SPSS 19.0 BT84
0T FEEIES AR RTORI X s KR, P
(] 4R ST REA ¢ K560, 3 21 B2 LA 1 20 1) B4
K AR R Ty 22508 8 14 Bonferroni 337 £ &
i, fegeKifE (a) 4 0.05,

2 # R

2.1 PD#A A m j ¥ P2X4R & & ## mRNA £ i&
KPE GERE IR, 50, 100 F1 150 pmol/L 6-OHDA
b B 1) SH-SYSY 48 Jifd H P2X4R £ [ 3 ik K °F
By oo B, HE R RO (P 35<0.05,

1A) ; 100 pmol/L 1 150 pmol/L 6-OHDA 4

P2X4R mRNA ik /K5 FXTRELL (P 4<<0.05,
K 1B) .
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B 1 RERE 6-OHDA Xf SH-SYSY ZHff1H P2X4R
EA (A) FAmRNA (B) RiXHIHNE
Fig1 Effect of different concentrations of 6-OHDA on
the expression of P2X4R protein (A) and mRNA (B) in
SH-SYSY cells
"P<<0.05 vs control (Con) group. n=3, x*s. G1: 50 umol/L
6-OHDA; G2: 100 umol/L 6-OHDA; G3: 150 pmol/L
6-OHDA. 6-OHDA: 6-hydroxydopamine; P2X4R: P2X4

receptor.

2.2 P2X4R UK 2mfie % 69 75 ik P2X4R siRNA-540,
P2X4R siRNA-792 #l P2X4R siRNA-1401 #H SH-
SYSY 4 Hfy rf P2X4R 4 1 Fl mRNA Y & ik /K
SR T X BB 4 (P1<<0.05) , L th P2X4R
SIRNA-540 ZH KK K-FI5eAR, TRRCR IR (B12) .
e E$E P2X4R siRNA-540 JH T 5 425256
2.3 Fp4 P2X4R AF PD BE A 4w A 49 %5 P2X4R
U1 Bk 20 ( PD+P2X4R siRNA 2H ) Kz P2X4R 1)1 i
7 26 (PD+CORM2 4 ) Hy 41 i 98 = /> T PDAH
(E3), diiEfEsRm T PDAL[(113.03+6.81) %,
(117.16+531) %vs (100.00+425) %] , 4
caspase 3. cleaved caspase 3 Fll PANX1 & 4 k7K
SEEME T PD 4 (PH#1<0.05, K 4) .
24 K ETLR2%& & & ik FPD A & 4 e 49
v P2X4AR UL BR 41 A1 P2XAR 41 1 7] 41 40 g
HTLR2 25 M B9 Rk K P B T PD 4L (P <
0.05) ; PANXI &f ik J 4 ffl v TLR2 & 1 % ik
KK F P2X4R UL 2R 4 (P<<0.05) , UL S,
TLR2 i F38J5 HAEAETG 34w [ (101.75£8.10) %
vs (113.40£6.81) %] . 4L J8 T3 > [ (41.10+
0.71) % vs (31.80+4.38) %] , i fifl ' caspase 3
Fl cleaved caspase 3 & 1 R IK /KRG (PI<
0.05, Kl 6) .
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B2 P2X4R S SH-SYSY 4+ P2X4R EH (A) #l mRNA (B) MIRIE
Fig2 Expression of P2X4R protein (A) and mRNA (B) in SH-SYSY cells after P2X4R silencing
"P<<0.05 vs control (Con) group. n=3, X£s. G1: P2X4R siRNA-540; G2: P2X4R siRNA-792; G3: P2X4R siRNA-1401. P2X4R:
P2X4 receptor; X-T: X-tremeGENEHP DNA transfection reagent; NC: Negative control; siRNA: Small interfering RNA.
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B3 RIAEMAAKN P2X4R #HE PD B ME T 1E R
Fig3 Apoptosis of PD model cells after P2X4R inhibition detected by flow cytometry
A: PD group; B: PD+NC group; C: PD+P2X4R siRNA group; D: PD+CORM?2 group. P2X4R: P2X4 receptor; PD: Parkinson’s
disease; NC: Negative control; siRNA: Small interfering RNA; CORM2: Tricarbonyldichlororuthenium ( II') dimer.
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Fig4 Expression of caspase 3, cleaved caspase 3 and ARAL, HA s rE, KW P2X4R ITHES 5 PD
PANXI1 proteins in PD model cells detected by Western PR AR A AB PE SR I . AR SE B i e P2X4R DLBRAK
blotting after P2X4R inhibition SR B 20 B A T 20 TR AR T O, AR

'P<0.05 vs G1 group. n=3, xt+s. G1: PD; G2: PD+ 7% P2X4R Jﬁ%(]ﬁéﬁiﬂ@(ﬁ@%ﬁ%% 2 8 T ik
NC; G3: PD+P2X4R siRNA; G4: PD+CORM?2. P2X4R: //l\, IE‘EE@ P2X4R%ZH@TPD *ﬁﬁééﬂiﬂ@ﬂ‘](ﬁ‘@%ﬂdﬁto

P2X4 receptor; PD: Parkinson’s disease; caspase: Cysteine o ( g IR B A%
aspartic acid specific protease; PANX1: Pannexin 1; NC: caspase AEYIRNEZ YRR, 25M%R

Negative control; siRNA: Small interfering RNA; CORM2: SEFEARML I T, ok caspase 3 EPA TN T A R
Tricarbonyldichlororuthenium ( II ) dimer. B A 1 o BRRNFEAE ! R L, P2X4R

IR P ECPD KRR AR IL-1B K a- SR Ml 2 H
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3 3t it
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Fig5 Expression of TLR2 protein in PD
model cells detected by Western blotting after P2X4R
inhibition and PANX1 overexpression
'P<<0.05 vs G1 group; “P<<0.05 vs G3 group. n=3, x+s. G1:
PD; G2: PD+NC; G3: PD+P2X4R siRNA; G4: PD+CORM?2;
G5: PD+P2X4R siRNA+pCMV3-NCV; G6: PD+P2X4R
siRNA+pCMV3-PANXI1. P2X4R: P2X4 receptor; PANX1:
Pannexin 1; PD: Parkinson’s disease; TLR2: Toll-like
receptor 2; NC: Negative control; siRNA: Small interfering
RNA; CORM2: Tricarbonyldichlororuthenium ( II') dimer;
pCMV3-NCV: pCMV3-untagged negative control vector.
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caspase 1 1 #L il & Jif /S [, Dunton 45 % J] P2X
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B2 4 M3 5k P2XT A2 AR I R ATP B, i i
P2X4R, J5& IS caspase 1 i RAE W, A W5
UESE PANX1 5 P2X4R JE 2 A RS 5 4 il dk &=
FRGFIANZE JRE, HEW =35 2 [A] ] GE I o FEFpEX R
St[E S 0 pE AR A T B L AR S b gt Rk
B, 6-OHDA 4b ¥ 4l Jifd f5 P2X4R 3% ik /K VTt &,
P2X4R 253k T 5 PANX1 2K [ 3 57K A B,
HF— 25 #35 PANX1 J5 TLR2 & 1363k F I, o
#23K TLR2 J5 caspase 3 &5 FH &R ML, 4 e i 1=
WL AN R . Y P2X4R TTER)G, TLR2 &
HEFAMCT PD 4L, RT3 L . 4ipuis
A, HEM P2X4R 1] REIE 2 50 TLR2 25 (H 4k
S 40 PR T2, PANX1 A1 TLR2 1] i€ 2 P2X4R 5
M) 4 3 P AT T R A S ke Y

1.5, caspase3
N Cleaved caspase 3

1.0

0.5

Relative protein level

0

Gl G2 G3
6 EBRETEKRN TLR2 iXF&iAfT PD #2240 caspase 3 #0 cleaved caspase 3 &R HIFRIL

Fig 6 Expression of caspase 3 and cleaved caspase 3 proteins in PD model cells detected by Western blotting

after TLR2 overexpression
"P<C0.05 vs G1 group. n=3, x+s. G1: PD+P2X4R siRNA; G2: PD+P2X4R siRNA+pCMV3-NCV; G3: PD+P2X4R siRNA+
pCMV3-TLR2. TLR2: Toll-like receptor 2; PD: Parkinson’s disease; caspase: Cysteine aspartic acid specific protease; P2X4R: P2X4

receptor; siRNA: Small interfering RNA; pCMV3-NCV: pCMV3-untagged negative control vector.

A S 55 38 3 PD 4 i A% A L £2 caspase 3.
PANXI1 Fil TLR2 % 1 3k, 5% P2X4R )1 H #1
WA, 455 s P2X4R i# i 445 PANX1 F1 TLR2

A IR SE W A0 i 0 T A A s, S Sk PD
IR LR TR



1428

WFELER AR 2022 4F 12 H, 5543 %

(& % k]

(1]

(2]

(3]

(4]

(5]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

PRINGSHEIM T, JETTE N, FROLKIS A, STEEVES T
D L. The prevalence of Parkinson’s disease: a systematic
review and meta-analysis[J]. Mov Disord, 2014, 29:
1583-1590.

BRAAK H, DEL TREDICI K, RUB U, DE VOS R A 1,
JANSEN STEUR E N H, BRAAK E. Staging of brain
pathology related to sporadic Parkinson’s disease[J].
Neurobiol Aging, 2003, 24: 197-211.

PRADHAN S, ANDREASSON K. Commentary:
Progressive inflammation as a contributing factor to
early development of Parkinson’s disease[J]. Exp
Neurol, 2013, 241: 148-155.

BURNSTOCK G, KENNEDY C. P2X receptors in health
and disease[ J]. Adv Pharmacol, 2011, 61: 333-372.
KHOJA S, SHAH V, GARCIA D, ASATRYAN L,
JAKOWEC M W, DAVIES D L. Role of purinergic
P2X4 receptors in regulating striatal dopamine
homeostasis and dependent behaviors[J]. ] Neurochem,
2016, 139: 134-148.

XIAO C, ZHOU CY, LI K X, DAVIES D L, YE J H.
Purinergic type 2 receptors at GABAergic synapses on ventral
tegmental area dopamine neurons are targets for ethanol
action[J]. J Pharmacol Exp Ther, 2008, 327: 196-205.
KRUGEL U, KITTNER H, FRANKE H, ILLES P.
Purinergic modulation of neuronal activity in the
mesolimbic dopaminergic system in vivo[J]. Synapse,
2003, 47: 134-142.

FAHMY A M, BOULAIS J, DESJARDINS M,
MATHEOUD D. Mitochondrial antigen presentation: a
mechanism linking Parkinson’s disease to autoimmunity[ J].
Curr Opin Immunol, 2019, 58: 31-37.

YAMAMOTO K, SOKABE T, MATSUMOTO T,
YOSHIMURA K, SHIBATA M, OHURA N, et al. Impaired
flow-dependent control of vascular tone and remodeling in
P2X4-deficient mice[J]. Nat Med, 2006, 12: 133-137.
SAVIO L E B, DE ANDRADE MELLO P, DA SILVA
C G, COUTINHO-SILVA R. The P2X7 receptor in
inflammatory diseases: angel or demon? [J/OL]. Front
Pharmacol, 2018, 9: 52. DOI: 10.3389/fphar.2018.00052.
WRDURE , 7 AR, e 5 . BT 1 38000 v 9
BBt RELT ] . v I R A 22,2017, 25
342-347.

SHALINI S, DORSTYN L, DAWAR S, KUMAR S.
Old, new and emerging functions of caspases[J]. Cell
Death Differ, 2015, 22: 526-539.

BRI, B, VF SO, 3822 A . P2XAR i R IR 42
AR R RO 2R -1B Lo R A% B e 2 1
JEREM 22T ] . v R R 2227, 2019, 27 -
617-623.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

IGLESIAS R, DAHL G, QIU F, SPRAY D C, SCEMES
E. Pannexin 1: the molecular substrate of astrocyte
“hemichannels”[J]. J Neurosci, 2009, 29: 7092-7097.
YEUNG A K, PATIL C S, JACKSON M F. Pannexin-1
in the CNS: emerging concepts in health and disease[J].
J Neurochem, 2020, 154: 468-485.
DIAZ EF, LABRAV C, ALVEAR T F, MELLADO L A,
INOSTROZA C A, OYARZUN J E, et al. Connexin 43
hemichannels and pannexin-1 channels contribute to the
a-synuclein-induced dysfunction and death of astrocytes[J].
Glia, 2019, 67:1598-1619.
SANDILOS J K, CHIU Y H, CHEKENI F B,
ARMSTRONG A J, WALK S F, RAVICHANDRAN K S,
et al. Pannexin 1, an ATP release channel, is activated
by caspase cleavage of its pore-associated C-terminal
autoinhibitory region[J]. J Biol Chem, 2012, 287:
11303-11311.
PARZYCH K, ZETTERQVIST A V, WRIGHT W R,
KIRKBY N S, MITCHELL J A, PAUL-CLARK M 1J.
Differential role of pannexin-1/ATP/P2X7 axis in IL-1B
release by human monocytes[J]. FASEB J, 2017, 31:
2439-2445.
SILVERMAN W R, DE RIVERO VACCARI J P,
LOCOVEI S, QIU F, CARLSSON S K, SCEMES E, et al.
The pannexin 1 channel activates the inflammasome
in neurons and astrocytes[J]. J Biol Chem, 2009, 284:
18143-18151.
WILKANIEC A, GASSOWSKA M, CZAPSKI G A,
CIESLIK M, SULKOWSKI G, ADAMCZYK A. P2X7
receptor-pannexin 1 interaction mediates extracellular
alpha-synuclein-induced ATP release in neuroblastoma
SH-SYS5Y cells[J]. Purinergic Signal, 2017, 13: 347-361.
WANG Y C, WANG P F, FANG H, CHEN J, XIONG X
Y, YANG Q W. Toll-like receptor 4 antagonist attenuates
intracerebral hemorrhage-induced brain injury[J].
Stroke, 2013, 44: 2545-2552.
DUNTON C L, PURVES J T, HUGHES F M Jr, JINH X,
NAGATOMI J. Elevated hydrostatic pressure stimulates
ATP release which mediates activation of the NLRP3
inflammasome via P2X4 in rat urothelial cells[J]. Int
Urol Nephrol, 2018, 50: 1607-1617.
JEl 4 R, BTG At B L KL T RS P2 S2 AR i ]
TREL] . AN E YA A4, 2015, 37 1151-1157 .
JURGA A M, PIOTROWSKA A, MAKUCH W,
PRZEWLOCKA B, MIKA J. Blockade of P2X4
receptors inhibits neuropathic pain-related behavior
by preventing MMP-9 activation and, consequently,
pronociceptive interleukin release in a rat model[J/OL].
Front Pharmacol, 2017, 8: 48. DOI: 10.3389/fphar. 2017.
00048.

[(AxHE] T+ 8



