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FETEPCR (RT-qPCR) A6 Z0HR 1 B B Joit X35 4y 4t Jo 348 2 At M ST A 0] p 1 6T p15™oiae | prginkdd - p2 1 il p27%iet | LA R G 4 AH
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M % lo (interleukin-1 o, 7I-1a). II-18. -6, 34 B HE AEF3 (matrix metalloproteinase 3, Mmp3) KK ML, SR - §EEs
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TG B (B1P>0.05)5 p2750 8240 1, (PR IX A 2 A Seit2¢ B L (P=0.016) . 5 Sham ZHAHLL, 6-OHDA ZH i #54fil]
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6-OHDA-induced Parkinson disease mice exhibit senescent phenotypes characterized by upregulation
of p16"** and astrocyte senescence

YUAN Xiao, TIAN Ye-ye, XUE Zheng
Department of Neurology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan 430030, China

[Abstract] Objective-To explore whether 6-hydroxydopamine(6-OHDA)-induced Parkinson disease (PD) mouse models have senescent phenotypes and
explore the changes of senescence-related glial cells. Methods- Thirty 9-10 months old C57BL/6J male mice were divided into Sham-operated group (n=
15) and 6-OHDA group (n=15). PD mouse models were established by stereotactic injection of 6-OHDA into striatum. The neurological function deficit
was evaluated by rotarod test and apomorphine (APO)-induced rotational behavior on the 21st day after modeling. The brain was taken after the last
behavioral experiment. Western blotting was used to detect the protein content of tyrosine hydroxylase (TH) in both caudate putamen (CPu) and
substantia nigra (SN) regions. Immunofluorescence was used to observe the expression of glial cells and aging marker p16™“ / p21 in both CPu and SN
regions. RT-qPCR was also used to detect the expression and changes of cyclin-dependent kinase inhibitor including p6"™, p15™® p19"d p2] and
p275P1 " and senescence-associated secretory phenotype including Cxcll0, Ccl2, tumor necrosis factor-o (7nf-a), interleukin-la (Z/-1a), 1I-1p, 1I-6 and
matrix metalloproteinase 3 (MMP3). Results: The decreased falling latency in rotarod test (P=0.000), the increased number of rotations induced by APO
(P=0.000) and the loss of TH protein measured by Western blotting (P=0.000), suggested that 6-OHDA unilateral striatum mouse model of PD was
successfully established. Immunofluorescence staining showed that the upregulation of an aging marker p16™* in both CPu and SN regions of the
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6-OHDA group compared with the Sham group, but p21 was not significantly expressed in both groups; senescent astrocytes, microglia and

oligodendrocytes were accumulated in CPu and SN regions as well, while the number of astrocytes was larger than the other two types of glia cells (P<0.05).

RT-qPCR results showed that, compared with those of the Sham group, p/5™*, p16™* and p/9"™* in CPu and SN regions of the 6-OHDA group were up-
regulated (P<0.05); p21 was slightly up-regulated, but the difference was not statistically significant (P>0.05); p27*"' was slightly up-regulated, but

statistically significant difference only presented in SN region (P=0.016). RT-qPCR also showed that, compared with those of the Sham group, the levels of

Cxcl10, Ccl2, Il-10 and II-6 were significantly up-regulated while //-1/ was significantly decreased in CPu region of the 6-OHDA group (P<0.05); the levels
of Ccl2, Tnf-a, Il-1a and [I-6 were significantly increased while Mmp3 and /-1 were significantly decreased in SN region of the 6-OHDA group (P<0.05).

Conclusion - 6-OHDA-induced PD mice exhibit senescent phenotypes characterized by upregulation of p16"™* and astrocyte senescence.

[Key words] Parkinson disease (PD); senescence; 6-hydroxydopamine (6-OHDA); animal model; astrocyte
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AR R IR EEER A IR BT . X5 A 23bE
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RITH A R P R E AR U AE /N RBUIR AR P v
Bt 6-FIELL ML (6-hydroxydopamine, 6-OHDA) W57
— R FAR R PD IR, RBAR 47 ML) 2 (O R BB A £ 0T
FIPEATIE A, BESTE & PD H H B 32 AT R Bl g Ak
BEEAR Y, B A TRRE . SO B TR
L@ T 22 RIS . KT, X R
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At (HTHIE S 2020-S108) o K ST BEHL 43 o T AR 20
(Sham41) F16-OHDA 4L, #4015 /MR,

1.1.2 255K  6-OHDA. BaFhinfk | LTk i iR
(Sigma-Aldrich, £ ), %t M 2 M2 =1L # (tyrosine
hydroxylase, TH) #{{K (16825-1-AP, Proteintech, H
B ), SR BT £F 4E IR 1 4K 11 (glial fibrillary acidic
protein, GFAP) Jiif&k (25859-1-AP, Proteintech, 1 [H),
RPLE T HL A4 F 1 (ionized calcium bindingadaptor
molecule-1, Iba-1) HIZEEHIIA (016-26721, Wako, H
), R RN R 5 5k T2 (oligodendrocyte
transcription factor 2, Olig2) M. %% B dr{A (ab109186,
Abcam, ZE[H), /NEPIpl6 YLK (sc-1661, Santa Cruz,
FHE), /WNRPUp21 PUiE (sc-6246, Santa Cruz, FKI[H),
488 Hr ic 1 U 41 A 1gG Bt #&  (711-545-152, Jackson
ImmunoResearch, &), 594 #7ic i Hi/ B 1gG Piik
(715-585-150, Jackson ImmunoResearch, 3% [E ), DAPI
(MBD0015, Sigma-Aldrich, Z&[).

1.2 98k
1.2.1  6-OHDA BUIR M A4 e (7 71 55 137 PDACAY 4/
RE TWRARXBREASET, bk T 2 2% 177
SRREE . RE/NRIT AT RRIR S BN B S 7 SRR T 1T 2
R S LNV P 2 1% AERF IR . K 3 T o 7E S M E Ao
1 (RWD, ) I, #HFRIREM 1.3 em KA DI,
FH 3% H,O, THAL /B8 R M AR 2L, BRI . Dihgkss
-2 mm, [ X A7+0.5 mm A FEEF S, FHAUE 4 (RWD,
W) 7R RIET AL 1 mm /L. AR
(FHEERS, 10 pL) 2848 T 47, 7EME T 3.5 mmiEAZy
Y1 (6-OHDA 4% A5 1% YU i B2 A9 6-OHDA %5 it i
1.2 pL, Sham ZHiE A& 1% Uk i iR iy A= BEER K ), 3k
0.5 wL/min, %0 5€ U5 75 B 55 ming 242 1R
VERERR, AbFRONTH
1.2.2 F 25

(1) Barhncnffids S e 50 e BS 55 21 H
JE I 55 0.125 /L (B R iE (0.5 pg/g) WREE N EUIE %

B R AR (B2 R L 2021, 41(7) @



878 | LmmEASER (FE2M)

0. /N BUBCETE 5 000 mL FBEAR B, RIS BT e T
PRkl SHRES min)g, LA 10 min /N B A AR
P e P B, BT 360°12 2 11,

(2) BRSNS 6-OHDATRG 18, ¥/ NS T4
Y I (IITC Life Science, 5[ ) A7, 405l LA
fE34 16 v/min 1745, LIRS d, EKBRALE—
KOF /N ERERR S 21 B, L 16 r/min 2] 3 F £ 7
S, ek /NERUE R R AR B TRL, B3 UOE R,
YR DN ] B 2 ho
1.2.3 WS RKEATHFIERE, ¥/ B8
Bk R, FH PBS 200 JIEE 1 A0 B8 /INBL . 28 11 5 B3
SC % (Western blotting) 1 5Z B 2% )t % it PCR  (RT-
qPCR) JrAT AL LY, TR T 14 57 3G do i DRV 1k
B FEAE-80 CIVKAR T . H T RIEDOL I R N 2L, #
PBS i J5 i ] 4% Z R W ERETE , JTAE 4% Z R W h
[E7E 24 h, £ 30% BRI K 3 do /NI A s iR D)
20 pm, WHFEPTIE & AR R b, K 3k A7 A
—80 CUKART, FRRZedett . 43l R A A Mgl iy 2
JR & [caudate putamen (striatum) , CPu] M B J&
(substantia nigra, SN) XIkZH4, FT Western blotting
FIRT-9PCR 5256, 7E CPu Al SN [X 38+ 43 51 i 4 60~70 4~
Yk, HTHRaEdotia,

1.2.4  Western blotting Kl 22 THE A &2 /)
FLCPu. SN XU ZH Ul AR 24 fif i AT 2k, 7R
LUREEAL (FR4E/RAEW, ) dhATRE, $RIEA .
BT 5x FFEZE MR ) 5 4T SDS-PAGE HLTK ,
UL A 5 I A —HL TH (1 : 2 000), [AlA L GAPDH
HNZ, 4 CWE R, TBSTZEmhEbEmvEs . BiE—
PUFPJE AR —H, EWRME 1 h, ECLE A, H
Biorad BEYEHLFARR , {8 FH Imagel ZR1FFEAT K E 34T .

1.2.5 HRESOLY AR EE KAL) F 4b
PR RIS RS S A 9T, (45 bt GFAPHUIA (1 :200), i
Pilba-1 HFERER IR (1 :200). fehiOlig2 PowpEifk (1:
200) . /MRFTpl6PLIA (1:100), /INEEPLp21 (1:100),
HTREY, 4CHELR%. KHJH0.01 mol/L PBSUER 3
W, BFRS ming JHINXER —HMDAPL, B TR&H, =
JERE G B 1 h; P 0.01 mol/L PBS P& A 3 ¥k, AR
Smin; #ETHA, 50% Hulid o I Ul SEsotaH
HRAEGMEEFV500 (Olympus, HZAR) FHEMWE, 4
HUNEUICCPu AT SN X4 34Nl Fr, 7 40 59 B 0 BT T B
HILR B 45 i 1 AR R X3k 1 B S 5K, i FH Tmaged #4411
Cell Counter i {44375t i1 5 p16. p21. pl6+GFAP, plé6+
Iba-1. pl6+Olig2 Y (i FHMEAHMIE i, HU 15 5K B 734

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2021, 41(7)

ELA R 2% . GeitEdiick B a4 5 HU/M R

1.2.6  RT-qPCR £ I 4 Jfa Ji5) 907 2 11 4 2 38 g 4o i) 741
(cyclin-dependent kinase inhibitor, CDKi) A % % 4K 43
W # AY  (senescence-associated secretory phenotype,
SASP)  TEREBUSIIH 21 H, AEVK LI/ S RL K
@M CPu S SN X IiZH 21 . F RNAiso PLUS (Takara, A7
) IR RNA, % B PrimeScriptRT i 7| & (Takara,
D) UEHT, B RNA Sk cDNAL il 2G4kt
ChamQ Universal SYBR gPCR Master Mix (Vazyme,
) 7£RT-qPCR1Y (stepone PLUS, Thermofisher, ZE[E)
AT CDKi (p15™°, pl16™*, p19™  p21 Flp27<*) i
SASP [Cxcll0, Cecl2. MIREIRFEH T o (tumor necrosis
factor-a, Tnfa) . A E la (interleukin-1 o, Il-Ia) . II-
18, 1I-6. R4 JEHE A3 (matrix metalloproteinase 3,
Mmp3) | WERRN ., CAEH— R IR —FA Y B-IL3h
S GIEY ] IUUE 3

1.3 Sl Fnbr

ftfi 1 GraphPad Prism 8 #R{F #4748 127 0. B LA
xas B8 o 241 IR] HCECR F 3K 3 )y 22 43 17 Rl Tukey
FE R 2 20 8] 2% SR P ST REAS BB o K B A T 40T
P<0.05 F/R EA G

2 BR

2.1 PD BRI 4L

WS, 6-OHDAAI/NRIWEBEOAIK, R sIREH
21 Hy /ANBURBT B0 TR, AR 14 HIFIAIRSE . ete
FELE R BoR . 5 Sham 1AM HL, 6-OHDA 41/ /U7 i
R A (P=0.000) (B 1A), FaANEHER S
WG S 45 B B oR . 5 Sham 4AH I, 6-OHDA ZH /)N Bl i
e s % (P=0.000) ([&1B). Western blotting %
W% . 6-OHDA 41 (1) CPu il SN [X sk TH & 1 £ ik 45 8
FALTF Sham 4], ZR¥HGIF2EE L (¥P=0.000) (&
1C. D). DA EZREBIER L,

2.2 gL

221 Plple™e A FRAINE Y RE%E21H,
gt s L (K2) WoR: 5 Sham 4l H#K, 6-
OHDA 41 ' CPu 11 SN [X 3, p16™™ JH 11 4t Jitg W i 188 &
Sham 4 T p16 3k ; 2 4 CPu X Al SN X ¥4k % #LHH 5 Y
p21 FHPENME ; CPu FlI SN X 48k p16™ = BHI: A 5 p21 FHE
g L, ERWARITEE L (¥P=0.000). RT-
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Tab 1 Primers for RT-qPCR

Gene Forward primer (5’ —3")
B-actin GGCTGTATTCCCCTCCATCG
pl5 CCCTGCCACCCTTACCAGA
pl6 CGCAGGTTCTTGGTCACTGT
pl9 CTGAACCGCTTTGGCAAGAC
p21 CCTGGTGATGTCCGACCTG
p27 TCAAACGTGAGAGTGTCTAACG
Ccl2 TTAAAAACCTGGATCGGAACCAA
Cxcll0 CCAAGTGCTGCCGTCATTTTC
1-6 TAGTCCTTCCTACCCCAATTTCC
1-8 CAAGGCTGGTCCATGCTCC
Tnf-a GACGTGGAACTGGCAGAAGAG
Il-la GCACCTTACACCTACCAGAGT
118 GCAACTGTTCCTGAACTCAACT
Mmp3 ACATGGAGACTTTGTCCCTTTTG

A
P=0.000
801 —
°
[ ]
60 - o|®
= oo
<
S 4oF | °
z
8 N
3 201 'we ¥
rs =3
0
Sham 6-OHDA
C
6-OHDA Sham
CPu SN CPu SN
TH|— Gl S —— G — ——| 58 000

GAPDH | s oy s s g e s s | 37 000

TH/GAPDH

Rotation per 10 min/n

6-OHDA ¥ 5 14 B85/ ELAE LI LA pl6 1 AT e et s & hdfir e e | 879

Reverse primer (5'—3")
CCAGTTGGTAACAATGCCATGT
CAGATACCTCGCAATGTCACG
TGTTCACGAAAGCCAGAGCG
GCCCTCTCTTATCGCCAGAT
CCATGAGCGCATCGCAATC
CCGGGCCGAAGAGATTTCTG
GCATTAGCTTCAGATTTACGGGT
GGCTCGCAGGGATGATTTCAA
TTGGTCCTTAGCCACTCCTTC
TGCTATCACTTCCTTTCTGTTGC
TTGGTGGTTTGTGAGTGTGAG
AAACTTCTGCCTGACGAGCTT
ATCTTTTGGGGTCCGTCAACT
TTGGCTGAGTGGTAGAGTCCC

B
150
P=0.000
100 A—T—:
T
7y
A
50
Sham 6-OHDA
D
P=0.000 P=0.000
1.0 -
0.8 | \S
v
0.6 °
04 |
02 []
0
Sham 6-OHDA Sham 6-OHDA
CPu SN

Note: A. Fall latency of mice recorded in rotarod test. B. Number of full rotations in 10 min in apomorphine-induced rotation test. C.TH protein levels in the CPu and SN

regions detected by Western blotting. D. Comparison of TH protein levels between the Sham group and 6-OHDA group.

E1
Fig 1

6-OHDA S #)/I\ i PD 1R BT
Evaluation of 6-OHDA-induced PD model

qPCR £ | Sham £ #1 6-OHDA £H & #55 ll] CPu 1 SN [X_ 15§,

CDKi, 258 %%, 5 Sham 4iAH . 6-OHDA £ & # |
CPu I SN X I, p16™*, pl5™*Hl plo™ L5k FiF, 2

SWHGHFE X (B P<0.05); p21 B HiH, HER

TGt L (P>0.05); p27°"' 524 i, (HALFE SN IX.

B R AR L (P=0.016).

2.2.2 SASPHZSL  RT-qPCRZ:HT T 84 f i VLI SASP
R, 258 ER: 5 Sham 4Lk, 6-OHDA A&l CPu

http://xuebao.shsmu.edu.cn

XL Cxel10, Cel2, Tnf-a, H-1aF1-6 3% M, 1-18
BT (¥ P<0.05), SNXIKK Cel2, Tnfa. l-1aFl
I-6 5 % LR (3 P<0.05), Mmp3 Fl1l-18 ¥4 1 2~ 9
(¥1P<0.05) (F3).

2.3 6-OHDA i5 S/ Bl PD A0 v s o 201 38 2 A6 4k

6-OHDA #H & 1% ] CPu X I & A& £ 1~ 5 GFAP #ll
P16 BT A I £ PH A 28 B oy B A R R 4 i, AR /DA 2
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A
Sham 6-OHDA
SN CPu SN CPu
=
< ...
a
I
A
=
<
o
b
) ...
B C
80 P=0.000 50 - _P=0.000
- [} Z 40F @
Z 60 - =
[0} v
S g o®
z z 300 17
= 40 = .J_.
=3 =]
& S 20F
° 20 S
g £ 1ot
5 5
8 0 a— 2 9 e
-20 -10
pl6 p21 pl6 p21 D
£ 6 I g _P=0.001 I8 po
- P=0.002 P=0.038 © P=0.002 R Ria L P=0.000
'E.‘ —. - Q o - Q ° S L
s S 6F ) S 6 ]
s 4f ? ?
2 2 4} 24t
< - < <
Z Z 4
2 2F ~ [~
] g 2t g 2F
Q; ﬁ g g
< 0 5 0 w0
~ Sham 6-OHDA Sham _6-OHDA 2 Sham 6-OHDA Sham 6-OHDA %  Sham 6-OHDA _Sham 6-OHDA
CPu SN CPu SN CPu SN
S 21 2 3. P=0.016
£ . X
=} G
—t (=]
2 T ot
3 i 2
Z e <
L ]
% ° ¢ Zorl et
2 o .
2 2
< g
) Zo
Sham  6-OHDA Sham  6-OHDA Sham  6-OHDA Sham  6-OHDA
CPu SN CPu SN

Note: A. Representative immunofluorescent staining images of p16"™* and p21 positive cells in 6-OHDA lesioned brains. Scale bar=40 pm. B. Statistical analysis of the
pl6™ positive or p21 positive cells in the lesioned-side CPu regions. C. Statistic analysis of the p16™™“ positive or p21 positive cells in the lesioned-side SN regions.
D. mRNA expression of CDKi in the lesioned side of CPu and SN regions.
E2 HIRERSWHIRN (n=5)

Fig 2 Detection of cell senescence markers (#=5)

Fik pl6™“F Olig2 By /Do BT, JEANAFAEILSRIA
p16™“HlIba-1 (/NI BTANML ;  H TR B 4 i K oKk 1/
S TR AN A/ NS FRATAE (34 P<0.05) o il 5 1 A5 A
Bb, 30 0 e o 20 M A5 i B AR LR B, B

>
4
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MR BOEAL A, PIIN 22 R RA Geit e

(¥ p=

0.000) ., faAU 0 AL 1Y SN IX It W12 2] GFAP Fil p16™
FRPE R SRR it (& 4) .,
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P=0.000
25 - P=0.000 20 - P=0.000
® °

Relative mRNA level of Cc/2
=

Relative mRNA level of Cxc/10

Sham CPu SN
6-OHDA

Sham CPu SN
6-OHDA

P=0.000
P=0.000

251
° , g
2r %
I °
l - H
0
Sham CPu_ SN
6-OHDA

Relative mRNA level of //-8
Relative mRNA level of 7/-6

Sham CPu SN

6-OHDA

3 IEHEESE 21 B SASP RiXKFHTE
Fig3 SASP levels on day 21 post modelling

3 itig

£ 5 2 R — ol g 7 VR A5 A R A T R O fh
RAANMDIRA , R BAT 2 WA L R T 45 AR
TR A P B ) L3 N AT 3 ) 40 R A L A
WY E IR, B AN i AL [R] Bl
EEEMNIRE. E% (ageing) FMEfL (senescence) I
el — Wi, g0 AT LA Dy Ak, S HLAR Y A i 0
K R 2R R AR LUS S AR R AL . p53-p21-
pRb flpl6-pRbi&fs ", AHf5EH, 6-OHDA ZH /)N ki 21
LrhgtriEP ple™ KXW I, 278 T 6-OHDA
PR SR AAR ST AR T A T 5T PD AR/ BT DL ple™ e i 3
IR FRIE R A I 2 R, X R I R SCRAIL R
Bk — BT

AR 2374 SASP 1 SASP AL i 48 AE 4 HfL A
T B T AT A AR PR A T
A (matrix metalloproteinase, MMP) %5 [/ SASP
P14 28R 23 5 JBE R o 2 ) R S I 1) L o R A R
PR AR S RN AR ORI 4, BT, PDEWIRiRA £
T, W LAY AL S 1 k-4 01,2, 3, 6- DU AL E (1-
methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine, MPTP) . 6-
OHDA ., T HEAk | e i A5 75 PEAS L K PD 200 1k A A 5
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P=0.000 8t P=0.005
sor — —_——
3 3 P=0.003
% A
b S @ .
(=) o
5] ]
B 5
: :
24
g g
2 22
3 =
E 2

Sham CPu SN
6-OHDA

Sham CPu SN
6-OHDA

n

2.0 P=0.000 P=0.000

P=0.000

—_
(=]
T

Relative mRNA level of Mmp3
=
Relative mRNA level of IL-1f
o
W

(=]
(=3

Sham CPu SN
6-OHDA

Sham CPu SN

6-OHDA

BEPR A L DR /N BRABE TR 0 Sk SRS AR v AR A e T
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Note: A. Representative immunofluorescent staining of Iba-1 (green), Olig2 (green), GFAP (green), p16"“* (red) and DAPI (blue) in CPu regions of both lesioned side and
intact side of mice in the 6-OHDA group at day 21 after modelling (Scale bar=40 pum). B. Representative immunofluorescent staining of GFAP (green), p16™ (red) and
DAPI (blue) in SN regions of both lesioned side and intact side of mice in the 6-OHDA group at day 21 after modelling (Scale bar=40 um).C. Statistical analysis of
Olig2'p16™“4e*  GFAPp16"™“* and Ibal*p16™** cell numbers in CPu region of lesioned side in the 6-OHDA group. D. Statistical analysis of Olig2"p16"™“** GFAP*pl6'k
and Ibal*p16™ 4 cell numbers in SN region of lesioned side in the 6-OHDA group. E. Quantification of oligodendrocyte, astrocyte and microglia numbers in CPu region of

the 6-OHDA group.
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Fig 4 Senescent phenotype of glial cells in CPu and SN regions (n=5)
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