202244 A o [ H A 2 A April, 2022
¥328 Ha4l CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 32 No. 4

RN, FEAS, TRER 25, BT LAMP2A i FRIA S IR S AR R AR A iz gh e [J]. AR B 2, 2022, 32(4) -
7-13.

Zhu XC, Dou CS, Zhang Y, et al. Overexpression of LAMP2A in substantia nigra improves motor function in rhesus monkey models of
Parkinson’ s disease [J]. Chin J Comp Med, 2022, 32(4). 7-13.

doi: 10. 3969/].issn.1671-7856. 2022. 04. 002

B LAMP2A jof 2 15 003 01 4 2 o0 0T 452700
iz 3l U] he
Ahud gk K 4% LK B

(P BEAE b e R 2 S B s I ST B, AL U HIR R B 2 g PR B v [ 8 T A R R B 2 N2 UK
PRof S | [ A P R 2548 BUR A S R = 9003 b At 100021)

[#=E] HBY 7EWI4LFRR (Parkinson’ s disease, PD) {H A M AR B |- W% 2R Jii i FeaA A B AR AH SC R 9 2A
(lysosome associated membrane protein 2A , LAMP2A) RS TF AR T 1 A W ( chaperone-mediated autophagy, CMA )
XL MEZ BT IR, FiE NS A S ) 7 R Y A il SCIR A X TR PD A AR TR IR 2R
( FEEIHRR) 1938 5 /M (Lewy bodies, LBs) $2HUH) , [RJI 7E 72 il SCRAA XI55 E PD i AFET-HE A2 (A JE
TR SEERA £ PD TR BRI SN I BEAL S PIAL , LAMP2A o 3R5K2H (4 F) 78 B DOBUI 7 5 5k 36
K LAMP2A {14 JBRH G056 2 204 X BREH (3 ) 78 8 0 DXL 72 55 %o RO T3 2800, 3ol st S 3 P AU A S 94T
#r PD HR A ALZ B HE J) A LAMP2A X% PD BALZZH T REAY M, I ELISA 3 X6 S 56 0% i A VL | 1ML 344 1Y) A
o-FE A% EE 1 (a-synuclein, a-syn) MBERRAL ai-syn ACFHEATINGE , G55 W6 5256 R-F- B IRCED 2 56 v ) i 28 i ]
A 198 2 A0 L s A 200 s A A ST AR 5 LA 00 11 0T I s LAMIP2 A 3o 3@ 38 A A T 405 17%) 7 A4 W ) B 1 e 4038 3 K
B W] W 22 S5 5 ELISA I GE X HRALR S 12 F A W L L35 A 8 a-syn ZKSF BB R 1K a-syn KF W8 35 0 i
LAMP2A 33 FRB AR AL o-syn ZKF RIS BERR L o-syn ZKTAE 8 H Z G ¥R T RN IR, 25ik i
3K LAMP2A W] REIH SN o-syn (1) CMA W5 BRICE PD fE I RETEDRE 4132 3hRE ) .

[K§8H] LAMP2A; WAGARNG; 170% fafk

[FESES] R-33 [ XERIAB] A [XEHS] 1671-7856 (2022) 04-0007-07

Overexpression of LAMP2A in substantia nigra improves motor
function in rhesus monkey models of Parkinson’s disease

ZHU Xuchao, DOU Changsong, ZHANG Yu, QIN Chuan, ZHANG Ling"
(Institute of Laboratory Animal Science, Chinese Academy of Medical Sciences;Center of Comparative Medicine,
Peking Union Medical College; NHC Key Laboratory of Human Disease Comparative Medicine; Key Laboratory of
Human Disease Animal Models, State Administration of Traditional Chinese Medicine, Beijing 100021, China)

[ Abstract]  Objective To observe the effect of overexpression of lysosome associated membrane protein 2A

(LAMP2A) up-regulating chaperone-mediated autophagy (CMA) in the substantia nigra on the locomotor behavior of a
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Parkinson’ s disease (PD) rhesus monkey model. Methods We established a rhesus monkey model of PD. A stereotactic
injection device was used to inject Lewy bodies (LBs) extracts from the brain tissues donated by PD patients into the right
striatum of seven rhesus monkeys. At the same time, exiracts of brain tissue donated by control (non-PD) patients were
injected into the striatum of the left brain. The animals were randomly divided into two groups. The LAMP2A overexpression
group (n=4) was bilaterally injected with an adeno-associated virus vector overexpressing LAMP2A ; the control group (n
=3) was injected with a control virus vector in both sides of the substantia nigra. The motor function of monkeys was
evaluated by the hill and valley staircase experiment and the pick-up test. The levels of total a-synuclein (a-syn) and
phosphorylated a-syn in the cerebrospinal fluid and serum of experimental monkeys were determined by ELISA. Results
In the valley staircase task and the outside board pick up test, the fine motor level of the left upper limb of the control
group of rhesus monkeys was lower than that of the right side. There was no significant difference in the fine motor level of
the upper limbs on the left and right sides of the rhesus monkeys in the LAMP2A overexpression group. Cerebrospinal fluid
and serum total a-syn levels and phosphorylated a-syn levels of the control group increased significantly at 12 months after
operation. The levels of phosphorylated a-syn in cerebrospinal fluid and serum phosphorylated o-syn in the LAMP2A
overexpression group were lower than those in the control group at the same time after 8 months. Conclusions

Overexpression of LAMP2A improved the fine motor ability of experimental monkeys in the rhesus monkey model of PD

through up-regulating CMA-mediated o-syn elimination.
[ Keywords]

A4 A% ( Parkinson’ s disease , PD) &2 LA 1114
R Iz giR ¢ WLSR 5515 3 P RERE AT O 3 il
IRF PR AH IR AT P , 3 2o BRAIL 1) 2 v s P
FrEE S 2 O Rt e B PE Bk BUIRIA 2 Tk
IR 58 REAG , DABRAE P 2 e M A bt LY LBs Oy
FRIEPERR Y, HETTCA 80697 T-B. A g R IE
% LBs BYA5 1R TS a-syn J2& PD YT W5 J5 10 oy
T AEAR A = 89 40 ML A W ( chaperone-mediated
autophagy, CMA ) J& F& fit a-syn B B & 712,
LAMP2A J& CMA HYFR# LT 7R PD g A B BT 302
PRI A 4% v 1Y R 3k 7K P BRI B CMA KR
[ a-syn DRE BRAE 1 A T H B SR AR
RS, B A AR MEAE B a-syn ZEH
KR5S EZ B RE 2 OC AR MEIRE, PD KRR
I B 4F S5 63k LAMP2A 7] DLk 3% a-syn J B
s, Ak ARS8 LAMP2A LX) PD
SE A WTERNA ST I, ASBF5E A FE I A 2 PD
BRI G5 A DG 35 2 M 3k 2635 LAMP2A ™
W AT N 2F TR AZ LAMP2A 33 38T i) PD
R TR MR A 7RG 4032 S R 1 A, Sy ik — 2B F 5%
PD W & RALEI ATt T 5%
1 ##FFE
1.1 Kz

TAE 4~5 B HEPEETR 7 2 R (5. 28+

0. 6) kg, X0 H T [ B2 22 B2 B 15 2 S50 S F
FEHTAL T 0 [ SCXK (&%) 2021-0004 1, 34 5% F v

LAMP2A ; Parkinson’s disease; behavior; rhesus monkey

I B= 24 Bl 2 B B2 2% 50 50 8l 9 0 5% i Ak 5 b
[SYXK(51)2017-0027 ], IR FA1H 12 h/12
h S0 SR TR (232) °C I ¥ 45% ~60% , FEK
TAMERE B ARE 3 W, HR Al 1 IREE Tl sk R, 7E
AHFFE T B B 1 30 ) S 06 34 28 0t op [ B 2R Bl o
Bt I 27 52 55 2y Wy BF 5 1 5l ) S 6 A B S B 4 o A
HEME(TACUC-QC19025) , FF-3247F 3R J5)
1.2 FEKFSUEE

N o ZEfilAZ 2 (1 ELISA 3857 & (4 1., D71156-
0096 ) ; Human p-a-SYN ELISA Kit ( # ¥, ZC-
54871) , EEF AR E A K Wik 7 7R
S (BRIR A, A ) 5 I X 54l (Mikasa, H
A 5 LR B R S 0 e BT A MR S O e
H il
1.3 XWHE
1301 A4 AR e T A A i il 25 5 4 4

FIH RS A E A EEHGTF S % Yu 10 1
ik, VARTE & R = 4k Asbr 2 N, SUIR R A b
K Eﬁfﬁﬁ( antero-posterior, AP )= -4 mm, e 2% (E
( media-lateral, ML) = + 14 mm, F [ {8 ( dorso-
ventral ,DV) = =3 mm; B X AAFR A AP =-7 mm,
ML=+3 mm,DV=-4 mm' "M A 7 HE AR
R A i SCHR A DX 3 S5 ) 4 9 1B 5 B8 s I 20 4L
LBs #2541 (100 wL,3 wl/min) , M7EZERGSORAR T
SRR 4 AR BB S 00 1 2 28 U (100 wL, 3
wL/min) , LLCAE A 5 X6 B8 A S b 4 2 s A Y
(F 1A) . LAMP2A 33k 28 7 S 2R Joi XU 3 5



o E PR BE 2R ks 2022 4F 4 H 45 32 455 4 1 Chin J Comp Med, April 2022, Vol. 32,No. 4 9

Tt ek LAMP2A (¥ IRAR R 3 28044 (10 L A0,
1 L/ min) 3 X B8 20 7 JHOOU) B 5 DX 3 5 %) B 55
B (10 pL BEM,3 wL/min) (BT 1B) . ASKHHH
AR A7 =2 10 kG 2H 24 U RN i AR AR
YR Z K2 Erwan Bezard 2L H =",
1.3.2 Brkbscs

RIS 14 A AL N RS EL BEYL1ES
SEHOAE AT BBl B, XS P kAT AT R A R,
1 em® SERPAE R B2 , B0 E 2 52 30 T 4R A0
SRR R 1

53 A LI ST 6 R0 2 A6 S B, AR i S i 1)
G2 PR RIVE TR (& 2A 2D) . FEShH3E B B
B (IE=RSEBGHT 18, BR 1 k) Ik sh i g8 $ik
MBTEEAE R AR B Y2, Bl T R e U5 5,
SCERHITE R R ELR FACE Y, R HLIE R
YT 2 B LR ECE 12 ) 05 4 1L IIR A e ]
PSR 10 do X Bl ) g A0 1A g R AT 0 i e
(VA THETT AT, F A i L SR A e )R AN i
Ko BB A FLIE B 8 em; BB
BN 8 em, 76 3 cm, B 4 cm; LLIFY R Hp AR H
BEES 2 em , FEER T PIRLEIE 25 12,5 om, BIEEE Y
HRHETJT 10 em,
1.3.3 PARURE S

3 A T - IR A Y SRS b B S K
SClk i 5E ) BRI AR BRI O (1] 3A 3D, 2
> 3 W i B A I 20 56 B Be AL T B v S B, il
FPIA 2x4 HEZ 19 [ E FLA S0 5 77 A A4k S 56 4% He
e TN I R N | R N S S e T

A PDIHANKEL  AEPD A B

LBs HAURE
PD LBs extracts Non-PD extracts

LURME
Striatum

' I
H |
i i
i )
' i
- '
—
|
I

-.’

W < AR R AR AR 2
Rhesus monkey models of Parkinson’s disease

HAHK 20 em, 58 10 em,JE 2 em, A 8 N HAE 3 em,
B 0.5 em LA AHSEPIFLAE Z BB ES 0 2 em;
r SRR IR S v AL T 5 TR i~ R S
B PR EIE B 15 em, BEEEERIARATTT 10 em,
1.3.4 RIS RE M BRI 2

FEFARATFF ARG 4.8 12 7,40 51R %)
YIS FIE W, LA 10 mg/kg 78 1 5 FR SR
LR TR SR EE s 5 R 2 B R R R IR T
ik, RS AR ERTE 25, A 5 mL 75 2 AR 10045 B
LR AE R L5 Y 28 R 30 min J5 BERIEL 3000 1/
min AYFEH 4°CTE 0 15 min, B, TERBERREY S
WA AR 2 R I 28 2 BT 7E LS 5 L6 AE[a] Bl 2F
R, A a5 1k e Sk, 5| I U, A
2RI B B R 1~ 1.5 mL', 4
R 3 A i 4t m) A58 4 T T 2 St K 4 1, 97 R 4 Pl
FWHAT L a-syn K FIBERR AL a-syn 7K1 I i
I AR 2T
1.4 SFitFFE

SLESHARR ] Graphpad Prism 8. 0 #4748
TR B, LSE BB ARt 22 (w2 ) Fon, 24
[F] L AR XA 2R 07 22 53 M7, PRI LA o G2
P<0.05 R Zm BAGIFE X,

2 &R
2.1 LAMP2A SRIEKZE PD B RERERS
54z B RE S

A S8 v A 4 5% 0 T ) A A A SR A A IR
IRIX LBs FESH 72, P AR 28 v B SR R 5 58

X R R A
ssAAV stuffers

T FRIELAMP2 AR #E 14
ssAAV overexpress LAMP2A

MR
Substantia nigra’

WL
Control group

AGEA

Overexpression group

V¢ A M G R TR AR RS 5 B o X R LAMP2A Job 3R 41 19 50 00 DX A4
B 1 A5 SR iR & AR B
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LAMP2A overexpression group.

Figure 1 Experimental monkey modeling and grouping schematic diagram in this study
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Note. A, Hill staircase task equipment. B, Ratio of time spent on the left hand to the right hand in hill staircase task. C, Time to get food from left and

right hands in hill staircase task. D, Valley staircase task equipment. E, Ratio of time spent on the left hand to the right hand in valley staircase task. F,

Time to get food from left and right hands in valley staircase task. Compared to the control group, *P<0.05, " P<0.01.

Figure 2 Staircase task equipment and results
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from left and right hands in middle plate pick up test. D, Outside plate pick up test equipment. E, Ratio of time spent on the left hand to the right hand
in outside plate pick up test. F, Time to get food from left and right hands in outside plate pick up test. Compared to the control group, *P<O0. 05.

Figure 3 Pick-up test equipment and results

A 800 B = S HEZE
{0 o o Control group
T g 600 ° [ =) " - WA
T2 8 X2 % NxEHE
& %o S 400 % £ 3 Overexpression group
3
el m
0
0 4 8 12 0 4 8 12
ARJE I (H) ARG (H)

Time after operation (month) Time after operation (month)
C D
& = ~
&2 =
®EE ¥5%
3 E & E 35
LT =~
B &
& S

0 4 8 12

ARJE T (H) ARG (A)
Time after operation (month) Time after operation (month)

T A TERBIRE R o-syn ZKF ;B SEEMRIMLTE S, -syn 7KF 5 C - SEIM MG R BEAR L ce-syn 7KF 5 D - SEB AR I3 BERR AL -syn 7K P, 5[]

A I IRZHAR L, *P<0. 05, ** P<0. 01; 5%} R4 0 A AL, # P<0. 01, P<0. 001 ;5 LAMP2A 3333k 0 AL, P<0. 05, %%% P<0. 001,
4 SEEEIE ORI 2 a-syn K RIBERR 1L a-syn 7KF L3 (x+s)

Note. A, Total a-syn level of experimental monkey cerebrospinal fluid. B, Total a-syn level of experimental monkey serum. C, Phosphorylated a-syn

level of experimental monkey cerebrospinal fluid. D, Phosphorylated a-syn level of experimental monkey serum. Compared with the control group in the

ek
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Figure 4 Comparison of total a-syn levels and phosphorylated a-syn levels in the cerebrospinal

fluid and serum of experimental monkeys
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