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[ Abstract] Objective To study whether the regulation of mammalian target of rapamycin complex 2( mTORC2)/
Akt signaling pathway has a protective effect on SH-SYSY cell line damaged by 6-hydroxydopamine (6-OHDA), and to
clarify its molecular mechanism. Methods SH-SYSY cells treated with retinoic acid (RA) were given 6-OHDA, mTORC2
signaling pathway inhibitor PP242 and agonist A-443654 respectively. The changes of cell number in each group were
investigated by immunofluorescent staining; The total protein was extracted and the expression level and interaction of key

proteins in mTORC2 signaling pathway were determined by Western blotting and co-immunoprecipitation ( ColP ) ; The
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apoptosis rate of cells in each group was detected by flow cytometry. At the same time, the co-culture Parkinson’ s disease
(PD) model was made using SH-SY5Y cell line and Bv-2 cell line; MTT colorimetric method was used to detect the cell
viability of each group; ELISA was used to detect the content of tumor necrosis factor-o (TNF-a) and interleukin-13
(IL-1B) in cell culture supernatant. Results
(PCNA) /hochest-, TH/5-bronmo-2’ -deoxyuridine ( BrdU) -labeled positive cells in 6-OHDA-lesioned PD cell model group

The number of tyrosine hydroxylase (TH ) /proliferating cell nuclear antigen

was significantly lower than that in the normal group; The apoptosis rate was higher; The expression of Rictor, p-Akt and
regulated in DNA damage and development 1( REDD1) was increased; There was an interaction between Rictor and p-Akt
or REDD1; The cell viability was significantly reduced in the co-culture model; the content of TNF-a and IL-f increased in
the cell culture supernatant. With further up-regulation of the abovementioned protein expressions, the cell survival,
apoptosis and pro-inflammatory cytokine levels in A-443654 group were significantly ameliorated, while PP242 group
showed the opposite changes. Conclusion A-443654 activates mTORC2 signaling pathway by p-Akt, which increases the
expression of Rictor and REDD1 protein. These changes contribute to the amelioration in cell survival rate, apoptosis rate,

and the proliferation and differentiation and decreasion of apoptosis rate of SH-SY5Y cells. These result improved 6-OHDA-

54 % ,5

induced cell damage and inhibited the release of pro-inflammatory cytokines.
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6-OHDA+6 pmol/L A-443654 HHAH L

Fig.1 Results of MTT assay on the viability of SH-SY5Y cells treated with different concentrations of drugs

A, Effects of different concentrations of PP242 on cell viability; B, Effects of different concentrations of A-443654 on cell viability;
#* P<0.05, #% P<0.01, =+ P<0.001, compared with the blank control group; #P<0.05, ##P<0.01, compared with 6-OHDA
group ; &&P<0. 01, comparison between 6-OHDA+1. 5 wmol/L A-443654 group and 6-OHDA+3 pmol/L A-443654 group or 6-OHDA+
6 wmol/L A-443654 group; $$% P<0.001, comparison between 6-OHDA +3 pmol/L A-443654 group and 6-OHDA +6 pmol/L A-

443654 groups
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Fig.2 Ratio of apoptotic cells by flow cytometric analysis

A-G, Scatting plot from flowcytometry analysis; A, control group; B, DMSO+NaCl group; C, DMSO+6-OHDA group; D, 6-OHDA+4 pmol/L
PP242 group; E, 6-OHDA+1. 5 pmol/L A-44365 group; F, 6-OHDA+3 pwmol/L A-443654 group; G, 6-OHDA+6 pwmol/L A-443654 group;
H, Statistical chart of apoptotic ratio, ##:* P<0.001, %% P<0.0001, compared with the blank control group; # P<0. 05, #### P<0. 0001,
compared with 6-OHDA group; &&P<0.01, &&&P<0.001, comparison between 6-OHDA+1.5 pwmol/L A-443654 group and 6-OHDA +
3 pmol/L A-443654 group or 6-OHDA+6 wmol/L A-443654 group; $%% P<0.001, comparison between 6-OHDA+3 pmol/L A-443654 group

compared and 6-OHDA+6 pmol/L A-443654 group
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(P>0.05) ;3 wmol/L WY A-443654 ZHAH L T
DMSO+6-OHDA 2 114 £ BH 14 41 it A% Bl A BH I ) 38
I, BEAE R 05 6-OHDA BT 85 41 it 434 4t 43 1k Bk
1) T (P <0.0001); 1M 6 wmol/L ¥ B Ky
A-443654 21 4% PH P 41 i % & g 2> T DMSO + 6-
OHDA 4 (P<0.05,F 3A~3H) .,
3.2 A4 TH 5 BrdU Hubp S AR FH 404 H 19
S5 s ot BEZH AT DMSO+NaCl 2 4H [, DMSO+
6-OHDA #H JCit 2 TH  BrdU i 2 TH/Brdu XARiC
20 it e R A /D (P<0. 001) 54 pmol/ L ¥ 5 1Y
PP242 2, £ BHA: 40 i i i [k DMSO+6-OHDA 4
/0 B i (P <0.0001) 5 A-443654 4%k J3 26 B
PR AR S R 25 5 3. 1 (R 4A ~4H), 3.1 Al
3.2 SRR, RATERIEWE T ) mTORC2 17
53 I BN R A R A5 4 1E BT A 1) SH-SYSY 41l il
RPN A E AR i L U2 vt
4.mTORC2 FSREEEXEEAN REDD1 EHF%
KIE SR

S E mTORC2 {5 5 38 - 29 351 0 4000 i) 550
TZIE G 1 3R IK B9 520, 1] Western blotting 5
Il mTORC2 {5 538 #% S 228 11 Rictor S Tl 1A
Akt p-Akt DL} REDD1 & [ B £ i5, 450 &,
6-OHDA #4521 Rictor .p-Akt . REDD1 25 15215 [k
2% 19 % B8 44 F1 DMSO + NaCl 20 7% (P <0.001 ) ;
1.5 pmol/L A-443654 4 R %Kik 5 6-OHDA
P 22 BIA K (P>0.05) ;3 pmol/L A-443654 4H
R A 6-OHDA 4 BT+ 4 B %
(P<0.0001) ;6 wmol/L A-443654 4 iR I
ISH T2 X B ZH AT DMSO+NaCl 2H ¥4 B & 7
B, IR PP242 4H Rictor .p-Akt 2 BI85 2%
1 %t B8 ZH F1 DMSO + NaCl 2H A 1 i % F % (P <
0.05), Lt 6-OHDA i 241 T K& i 5 o 18 25 (P <
0.001) ,{H REDD1 % [ 3k H1 5 F 25 [ 4 B4 0
DMSO+NaCl £ , Mifik T H A4 41 ( P<0.05) . L4,
SV Akt 2K RTINS A TR T AR Ak (P >0. 05, &

5A~5D) .

R g B W] 6-OHDA & 1% 1y #2455 7T 51
Rictor I p-Akt DL K 5 C & [ REDD1 f95RiA
& 1 mTORC2 5538 B 5 Rictor A1 p-Akt Y
FIK B, REDD1 Rk ; 0% mTORC2 15 5
F&J5 Rictor .p-Akt il REDD1 Ay ki — 4L THeE, H
REDD1 AJ§EY Rictor 8 p-Akt 7776 KHk
5. Co-IP I§iF Rictor/REDDI , p-Akt/REDD1 LA &%
Rictor/p-Akt B8 B 1EF

7 HAE REDDI &2 75 5 mTORC2 15 538 B 1Y
F5E H Rictor M PR A Akt Z [BIAEAEAH B AF
M, 347 T % % 3 U0 E ( co-inmunopreciptation,
ColP) K M, &5 B W 75, Rictor Fl p-Akt 1 K
mTORC2 {7538 % ) ¢ B 2 11 SC A7 A A B
REDDI1 5 Rictor Z [A] 0 #7740 H.AFE HH, 1fii REDDI1
5 p-Akt oI B AFHEAERIDCR (K 6A,6B) .
6. mTORC?2 {5 S 18 B XJ {2 K E F IL-18 #1 TNF-a
K F IR0

VT 6-OHDA 755 14 % [ % REDD1 &
I35 1Y B2 LA K% 3805 mTORC2/ Akt {5 5 1 1% %F
FAVE T, 3o TR F SH-SYSY FIZINEE B4 L & Bv-2
FF 2 M e 5% SR TR 41 i Sk Az 00 41 B L 9 VR 1L-18
H1TNF-o 2 717K

ELISA 45 % i 7%, 6-OHDA 451 457 41 2 it |35 Wk
o IL-18 H1 TNF-ao 19 7% 18 8025 6 B2 AT DMSO +
NaCl 44 & 717 ( P<0. 0001 ) ; 6-OHDA +PP242 #
IL-1B8 il TNF-« {75 48 DMSO+6-OHDA £k — 4
JHE (P<0.0001) ;1.5 pmol/L A-443654 #H 1L-1B
FUTNF-o 1 75 f W B 5 T 25 (0 B ZH R DMSO +
NaCl 2H ( P<0. 001) ,{H% DMSO+6-OHDA 4115 F [4%
(P<0.05) ;3 wmol/L A-443654 41 IL-1B 1 TNF-a
5 BB K T DMSO+6-OHDA 4 ( P<0.001) ,{H
ATy F-25 116 BR 4 A1 DMSO +NaCl 2H ( P<0.001) ;
6 wmol/L A-443654 # IL-1B HI TNF-a I & & 8
DMSO+6-OHDA 41BA 14 i ( P<0.05,% 1) .

F 1 BHMMRESE LG IL-18 1 TNF-o 25 FOI E FI G EE

Table 1

Concentration and comparison of 1L-18 and TNF-a in cell culture supernatant

25 IL-1B %4t (ng/L)

TNF-a & (ng/L)

groups IL-1B concentration( ng/L) TNF-a concentration( ng/L)
25 FXFIRZH (control group) 4.04+0. 1 49. 63+4. 675
DMSO+NaCl 4.84+1.8 67.003+7. 975

DMSO+6-OHDA
6-OHDA+PP242

6-OHDA+1.5 pmol/L A-443654
6-OHDA+3 pmol/L. A-443654
6-OHDA+6 pmol/L A-443654

23.609+1. 645 ****
34, 66223, 35 HHH
22.9365. 025
16. 12242, 55 * -###
28. 9844, 715 #

1181. 176+60. 53 =
1773.331+103. 47 *** ####
1081. 78+72. 655 ****#
730. 894:£75. 625 ****
1414. 586+107. 845 **** - #

s P<0. 001w P<0. 0001, %541 5455 G HRGIAH EL ; # P<0. 05, ## P<0. 01, ### P<0. 001, #### P<0. 0001, 45415 DMSO+6-OHDA 41AH H.
wak P<0. 001, ##x% P<0.0001, compared with the blank control group; # P<0. 05,## P<0. 01,### P<0. 001 ,#### P<0. 0001, compared with

the DMSO+6-OHDA group



Vol.54,No.5 A ALY RINERLEAEAY 2/ Ak (558 M 6-: R L B AL --- - . 527 -

100pm

100um 100pum

= 3} (control)

=3 NaCl+DMSO

=2 6-OHDA

=3 6-OHDA+PP242

== 6-OHDA+1.5umol/LA-443654

== 6-OHDA+3umol/LA-443654
== 6-OHDA+6umol/LA-443654

400

300

200 g

P e 4 25 Ak

Numbers of positive cells

100

100um 3H

TH PCNA Hoohool TH/PCNA/Hoohool

100pum 100pum 100um

100pum 100pm 100um

= %} (control)

=3 NaCl+DMSO
150 == 6-OHDA

=3 6-OHDA+PP242

== 6-OHDA+1.5umol/LA-443654
= 6-OHDA+3umol/LA-443654
== 6-OHDA+6umol/LA-443654

100

50

BE 4 4 ik
Numbers of positive cells
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™H BrdU TH/BrdU

[’ 3 SH-SYSY 4ifify TH/PCNA/Hochest 2£4512 B0 B Se 14

A. ZS R4 ; B. DMSO+NaCl 41; C. DMSO+6-OHDA 41 ; D. 6-OHDA+4 pumol/L PP242 #]; E. 6-OHDA+1.5 pumol/L A-443654 #H; F. 6-OHDA+
3 wmol/L A-443654 41 ; G. 6-OHDA+6 wmol/L A-443654 41 ; TH LR 5 SARiC B . PCNA SHET G5 EARIE MA%  Hochest iy i (6.5 B AR ic 40
Mk, F5R7R 100 um; H. TH- PCNA-  Hochest-FH ¥ 40 §d L &% TH/PCNA/Hochest 2:¥51C 40 i %0 H G5 8] ; = P<0.05, #x P<0.01, #xx P<
0.001, #xxx P<0.0001; 5450525 X} BEH AN FL; #P <0. 05, ##P <0.01, 55 41 5] 55 6-OHDA #H# It ; &P <0.05, && P <0.01, 6-OHDA +
1.5 wmol/L A-443654 #5 6-OHDA+3 wumol/L A-443654 41 L) % 6-OHDA+6 wmol/L A-443654 2 AL ; $% P<0.01, $$% P<0.001,6-OHDA +
3 wmol/L A-443654 215 6-OHDA+6 pumol/L A-443654 4AH L

K4 SH-SYSY 4ilfifd TH/BrdU FtARic B4 5 551K

A. ZSEXHIRYL; B. DMSO+NaCl 41; C. DMSO+6-OHDA #H; D. 6-OHDA+4 pmol/L PP242 #1; E. 6-OHDA+1. 5 wmol/L A-443654 41 ; F. 6-OHDA+
3 pmol/L A-443654 2 ; G. 6-OHDA+6 wmol/L A-443654 4 ; TH 4R 45 AR IC MR  BrdU iy £1 4258 J6hnic 40 i i% , 4% RUR 100 pm; H. TH-|
BrdU-FHYE4 0 2L & TH/BrdU HARIC 40 H 85318l ; * P<0.05, = P<0.01, ##x P<0. 001, #xxx P<0. 0001, 4% 2H 5] 55 2% [ % BB 2H 41 1
#P<0. 05, ##P<0.01, 440515 6-OHDA ZHAHLL ; &P<0. 05, &&P<0. 01 ,6-OHDA+1. 5 wmol/L A-443654 £ 5 6-OHDA+3 pmol/L A-443654 41 )
Je 6-OHDA+6 wmol/L A-443654 ZHAH L ; $% P<0.01, $$% P<0.001,6-OHDA+3 wmol/L A-443654 415 6-OHDA+6 wmol/L A-443654 Z41AH L
Fig.3 SH-SYSY cells TH/PCNA/Hochest labeled positive cells and statistical chart

A, Control group; B, DMSO+NaCl group; C, DMSO+6-OHDA group; D, 6-OHDA+4 pmol/L PP242 group; E, 6-OHDA+1.5 pwmol/L A-44365
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group; F, 6-OHDA+3 pmol/L A-443654 group; G, 6-OHDA +6 pmol/L; A-443654 group; TH ( green fluorescent), PCNA (red fluorescent) ,
Hochest (blue fluorescent) ; Bar=100 pm; H, Number of TH-, PCNA-, Hochest-positive cells and TH/PCNA/Hochest-labelled positive cells; * P<
0.05, #*x P<0.01, #xxP<0.001, #**xx P<0.0001, compared with the blank control group; #P<0. 05, ##P<0.01, compared with 6-OHDA group;
&P<0.05, &&P<0.01, comparison between 6-OHDA+1.5 pumol/L A-443654 group and 6-OHDA+3 pmol/L A-443654 group or 6-OHDA+6 pwmol/L
A-443654 group; $$ P<0.01, $$$ P<0.001, comparison between 6-OHDA+3 pwmol/L A-443654 group and 6-OHDA+6 pmol/L A-443654 group
Fig.4 SH-SYS5Y cells TH/BrdU labeled positive cells and statistical chart

A. Control group; B. DMSO+NaCl group; C, DMSO+6-OHDA group; D, 6-OHDA+4 wmol/L PP242 group; E, 6-OHDA+1.5 pmol/L A-44365
group; F, 6-OHDA + 3 pmol/L A-443654 group; G, 6-OHDA + 6 pmol/L A-443654 group; TH, green fluorescent; BrdU, red fluorescent;
Bar=100 pm; H, Statistical chart of TH-, BrdU-positive cells and TH/BrdU-labelled positive cells; * P<0.05, #x P<0.01, =#x P<0.001,
sssx P<0. 0001, compared with the blank control group; #P<0.05, ##P<0.01, compared with 6-OHDA group; &P<0.05, &&P<0.01, comparison
between 6-OHDA+1. 5 pmol/L A-443654 eroup and 6-OHDA+3 pwmol/L A-443654 group or 6-OHDA+6 pmol/L A-443654 group; $% P<0.01, $$$
P<0.001, comparison between 6-OHDA+3 wmol/L A-443654 group and 6-OHDA+6 pmol/L A-443654 group

1 2 3 4 5 6 7 1 2 3 4 5 6 7
Rictor s W W s s 8N s 500 kD
B-actin S — N ——— 3 KD

P-Akt w— — i - - o - G0 kD

B-actin e . S S ——— 43 kD

1.0 #
g 08 Iy £
T 0.6 [
= [<=N
g 0.4 %
% 02 a
0 & o F 9 & S
FF F P o F
S & e B
& X [ ¥ v}‘ \y}" V?
g OQ\O (}\\« @0\\ é\(}\\z
@ o b o
¥ O K
Q S S
QQ‘ 6’0 Q),O
©
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Akt T S S e o & 54D Bractin e — — - — — — 3 D
B-aCtin . e— G S— GE—, S=—, = /3 ) REDD1 === T —— —— — 25kD
1.0 15
. 08 = £
S 06 Z g 10
& / =
S 04 z o
< 0.2 % g °°
o Z .
& & o
> > & &
Sl O
M & 4
& &
X
X
Q\o‘*
o

[#'5 SH-SYSY 4l mTORC2 {553 Rictor ,p-Akt & REDD1 Z& [ (94 I 45

A. &4 Rictor 1 ; B. p-Akt & [H; C. Akt Z[; D. REDD1 Z 1 Western blotting MIEZ5 58 F5 1~7 20 BIFRR 2 FM R
2 \DMSO+NaCl i . DMSO+6-OHDA 4 .6-OHDA+4 pmol/L PP242 # 6-OHDA+1.5 pmol/L A-443654 #i .6-OHDA+3 pwmol/L
A-443654 2 6-OHDA+6 pmol/L A-443654 #H; * P<0.05, #x P<0.01, #xx P<0.001, 4520 525 [ % IR A b ; #P < 0. 05,
##P<0.01, 415 DMSO +6-OHDA #4141t

Fig.5 Expression levels of Rictor, p-Akt and Akt proteins in mTORC2 signaling pathway, as well as REDD1 protein in SH-SY5Y
cells Western blotting showing the protein bands including (A) Rictor, (B) p-Akt, (C) Akt and (D) REDDI1 among groups; Serial
numbers 1-7 indicate control group, DMSO+NaCl group, DMSO+6-OHDA group, 6-OHDA+4 pmol/L PP242 group, 6-OHDA+1.5
pmol/L A-443654 group, 6-OHDA+3 wmol/L A-443654 group and 6-OHDA+6 pmol/L A-443654 group, respectively; * P<0.05,
## P<0.01, ##x P<0.001, compared with the blank control group; #P<0.05, ##P<0.01, compared with the 6-OHDA group

7. mTORC2 & 5 i & ¥t 6-OHDA 1€ F§ #9 SH-
SYSY #1 Bv-2 JE#Z A I B2 SR 4 BAIE AR
SUE 6-OHDA 553/ IME 57 40 MBS T3 2 4% [
TR SH-SYSY A9 40 i /1 LA S mTORC2 15
530 e X — ik R T A SR MITT 2 462 0
SH-SYSY Al Bv-2 k4 fl L 55 52 40 M 09 3% 1, 45
FKH, 525 1 X B 41 DMSO + NaCl 41 A b,

6-OHDA 45147341 i 48 it 7% 77 W & °F B (P<0.001) ,
H 6-OHDA+PP242 2 1) 41 L 3% 1 B 1) B Sy B
(P<0.0001) ;1.5 wmol/L A-443654 #H 5 6-OHDA
ZHAH L, A S 1 JC B B A8 4k (P>0. 05) 53 pmol/L
A-443654 4155 6-OHDA 53155 41 40 M 1% 71 4 B & 19
5 (P<0.0001) , {HARAR J 28 (4 X} BE 4L AT DMSO +
NaCl 41 (P<0.05) ;6 wmol/L A-443654 241 40 i iF /)
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anti-p-Akt .’ 60 kD
19G P Input 6A

anti-Rictor

[# 6 Rictor 5 p-Akt Fl REDD1 4 Sy e iiye

1B
S J
anti-REDD1 e ! e 60 kD
P

19G Input 6B

anti-Rictor

A, BIEEDIE AT Rictor 5 p-Akt S ILTIIE L5 B. G ENB LT Rictor 5 REDDI1 S ST Y45 5 s p-Ake Al REDD1 & 4

B8 B 45 4 WITE 60 kD 1 25 kD5 IB. s BNl ; IP. sl iE

Fig.6 Immunocoprecipitation of Rictor with p-Akt and REDD1

Immuno-coprecipitation of Rictor and p-Akt (A) and Rictor and REDD1 (B) was analyzed by Western blotting; Molecular weight of protein

bands was 60 kD for p-Akt and 25 kD for REDD1, respectively; 1B, Immunoblotting; IP, Immunoprecipitation

0.3

P47 SH-SYSY Fil Bv-2 Rl L1537 PD KR40 I35 )

# P<0. 05, #x P<0.01, #xx P<0. 001, %20 51| 575 [ % HE 4 4
b ##P<0. 01 , ###P<0. 001, 452H %1 5 DMSO+6-OHDA ZHAH Lt
Fig.7  Cells viability of SH-SY5Y and BV-2 non-contact co-
culture cells

# P<0.05, #x P<0.01, *+x P<0.001, compared with the blank
control group; ##P<0.01, ###P<0.001, compared with the 6-
OHDA group

# 6-OHDA B4 A r F R (P<0.001) , WL 7,
Wi

SH-SY5Y #128 B}: 40 il 988 A 40 A i £ 41 i 98 20
Jfi & SK-N-SH i — /N7 sa el P4l , SR 1ol
HEW PR (retinoic acid, RA) %34 LI% SH-SYSY 4
M A 6-OHDA A il % PD & S1 4t fffss Y | 3k #%
AR R BRI T S, B LA B i
Al RIS T 4% 10 2 L RR ) P2 T 1 R I 5
FHi7:1 6-OHDA fF) PD A (i 23 125
AP & A AR T PE T FEARSE R,
FRATE FH FRIRE A0 7 v Ab T 40 At 3 57, PD 40 S s 4 3k
TSNS )T T AT .

mTOR J& — Ff 22 5 R- 75 2 1R PA g , ‘& &5 5% W
mRNA 5% B R B AR 518 S A 4N it
W5, HAT, mTOR B9 IESE ] 2 5 W 2 40 i (1) &
F R HIhEE . mTOR @& Hifh &9, Tl
FEOCHE mTORC2, P& T mTORC2 FEfH & ITH
AR TE 2 ok 1 X SR R B 28 & A A g,
WoE & B, MK Rictor J5 52 mTORC2 35 /1 F %, H.
REATR Akt OO IR A 7K ST 20k 1 4100 ol %% 58 1) & A, BT itk
¥ Rictor {27 mTORC2 JCE# 8 11, 1M Akt # 8 & hy

mTORC2 F U H 407 B BR Rictor 1/ BB
TR BARBERR AL KT Akt b, B 5T A BLIE K&
B, FAIC Rictor A2/ UG P 22 12 M B A5 5 1 o
Wit AT E EBF 5T mTORC2 {5 5 il i Xt
6-OHDA 5 5 ) SH-SYS5Y 48 g 45 45 19 £ 47 1 111 .
ot s R A-443654 AN | R PP242 R 2
mTORC2 {553 % 1) S 58 26 11 4 1, BR B S e 90Ok
Guh R, AT KBS T 0 PP242 Ab B S,
mTORC2 {5553 [ (1) K 85 1 Rictor Ml p-Akt (38
IR [, X 5 SOk R T8 A 45 SR A — 2 )
I A M B P 7 15 BE 0 B 36 5 o fR R B B IR
HAEBE 8 T R MR AE S R, 548,
A-443654 [ H T4 5 Akt Serd73 37 1 AR R 1k 7K
-, — 4 FHYE mTORC2 {55 @ B A shm " . A
SCHRARIE , A-443654 7] 3 1 3 58 2 4 /)N ) mTORC2
(0 TG ol L A2 AR B2 AT /N BRI K S0 AT
FERIN, A-443654 T LIME NN SH-SYSY 2 g 1) 34 58
FAMERE ST, AR 6-OHDA & )i 4547 , 5 s 20 M 3%
F1, AE S X B8 e 1 e A R Y, A7 7 U B AR M
BN

REDD1( 3 FX RTP801) J&—F i i i S8 A,
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FR i 9 20 M ) Ak Serd73 7 p5, AR R 1k 7K - B 3
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i, 76 H A-443654 3% mTORC2 {7 5 38 i )5,
Western blotting R [ 45 5% “ BR 51 #2 Rictor & H &
Akt BB RR I /K SF- 3 N4, REDD1 2 4 ) 26 1k th ik
—EHINT A — B, S 4h, L ColP S, A1k
B, Rictor 55 p-Akt Fl REDD1 Z [RI¥FAEAN EAEH .

PaHE 76 PD R 19 SR A0 I V8 Hh Al
) TNF-a IL-18 (2 R T34, E9ERH, PD &
IOV R R IR 8 TR AR SN 37 A 22 1 e
REMI 2T LA BRI 2 K30 AR/ e J5 4
Ji B 386 — EL A N S PD R ARG E B R 2
[ ORWESE SR SH-SYSY 4 Bv-2 LEEFE A 41
JHABE TR SR AL PN B S 1) 5 2% A8 I 38 i ELISA



. 530 - f# 1

54 % ,5

o) e 3% 57 09 4 M b 55 W AR R B F TNF-a0 Al
IL-18 WK, 25 R 20, 6-OHDA 41 TNF-o il 1L-
1B WA B T, 5 LR SCkiGE A — B, F
R, PP242 W] & #5 42 R AF FH I 42 1F 41 fif 58
T 5 AT A S g5 Rl PP242 I
mTORC2 {5538 % 7] S B AL R K+ IL-18 Fl TNF-a
FKF B8 A0 — 3K, (H 45 T A-443654 AL B S 11
mTORC2 15518 H 8 sh 71 41, 42 9 P 77K 1 i B 4,
TR, B 45 mTORC2 17 5 il #% 42 7l LA ek 22
6-OHDA JIr B 4 0E v

H T REDD1 5 RFENECA ¢, 10 PD (=4S
M RAEBEAT] 43, ARIEFRAT Y 52 40 45 R A, &
FEF] 51 REDD1 FibFHm , 5 & i 5 Rictor Y4
HAEH, 5 Rictor (K880, 4k i 5 E H R U7
AR T Ak B9 BE R ALK RN, e Ah, A SO
mTORC2 {5518 ) , Rictor I p-Akt A2 ik 2 2 i
— T X ARHE— 2N T REDD1 [R5 5, X
STt By AR 1 KCF B s 2R [ 4E FH T SH-SYSY 48
JHL, AR 2 CHA T R AL BE 7 B3 5 IE 3G 0 T 40 B )
TR, Ja 3 ELEE ek R 5 iR 4 i v bR R A
T B AL T3 0 F B AR B (4 38 5 B ik
Tt —2 W%

25 bR 38 0% mTORC2 {5538 J% ] LA
#E SH-SYSY 21 fitd i) 38 78 4 Ak, 203 6-OHDA i 145
PD ERIA A A AATG 5 B A0 A 1 9 T2 % H A il 4
RAFKFERTEE, H I, ¥ mTORC2 155 18
) A 2 1 T BE M I PR 5 AR 9T PD #2458 )
A g L

5 £ X #

[ 1] Malar DS, Prasanth MI, Brimson JM, et al. Neuroprotective
properties of green tea ( Camellia sinensis) in Parkinson’ s disease ;
a review[ J|. Molecules, 2020, 25(17) :3926.

[ 2 ] Rizek P, Kumar N, Jog MS. An update on the diagnosis and
treatment of Parkinson disease[ J]. CMAJ, 2016, 188(16) :1157-
1165.

[ 3] Nutt JG, Wooten GF. Clinical practice. Diagnosis and initial
management of Parkinson’s disease[ J]. N Engl ] Med, 2005, 353
(10) :1021-1027.

[ 4] Sarkar S, Nguyen HM, Malovic E, et al. Kvl.3 modulates
neuroinflammation and neurodegeneration in Parkinson’ s disease
[J]. J Clin Invest, 2020, 130(8) :4195-4212.

[ 5] Hare SH, Harvey AJ. mTOR function and therapeutic targeting in
breast cancer[ J]. Am J Cancer Res. 2017;7(3) :383-404.

[ 6 ] Switon K, Kotulska K, Janusz-Kaminska A, et al. Molecular
neurobiology of mTOR[ J]. Neuroscience, 2017, 341:112-153.

[ 7] Chen CJ, Sgritta M, Mays J, et al. Therapeutic inhibition of
mTORC2 rescues the behavioral and neurophysiological
abnormalities associated with Pten-deficiency[ J]. Nat Med, 2019,
25(11) :1684-1690.

[ 8 ] Pérez-Sisqués L, Solana-Balaguer J, Campoy-Campos G, et al.
RTP801/REDDI is involved in neuroinflammation and modulates

cognitive dysfunction in Huntington” s disease[ J |. Biomolecules,

2021, 12(1) ;34.

[ 9] Jin HO, Hong SE, Kim JH, et al. Sustained overexpression of
Reddl leads to Akt activation involved in cell survival[ J]. Cancer
Lett, 2013, 336(2) :319-324.

[10] Britto FA, Dumas K, Giorgetti-Peraldi S, et al. Is REDDI a
metabolic double agent? Lessons from physiology and pathology[ J].
Am J Physiol Cell Physiol, 2020, 319(5) :C807-C824.

[11] Lu Z, Zhang Y, Xu Y, et al. mTOR inhibitor PP242 increases
antitumor activity of sulforaphane by blocking Akt/mTOR pathway
in esophageal squamous cell carcinoma[ J]. Mol Biol Rep, 2022,
49(1) .451-461.

[12] Han EK, Leverson JD, McGonigal T, et al. Akt inhibitor
A-443654 induces rapid Akt Ser-473 phosphorylation independent
of mTORC1 inhibition[ J]. Oncogene, 2007,26(38) :5655-5661.

[ 13] Ponzoni M, Bachetti T, Corrias MV, et al. Recent advances in the
developmental origin of neuroblastoma: an overview[ J]. J Exp Clin
Cancer Res, 2022, 41(1) :92.

[14] Xicoy H, Wieringa B, Martens GJ. The SH-SY5Y cell line in
Parkinson” s disease research: a systematic review [ J ]. Mol
Neurodegener, 2017, 12(1) :10.

[15] Wang TT, Ye X, Bian W, et al. Allopregnanolone modulates
GABAAR-dependent CaMK Il 83 and BDNF to protect SH-SY5Y
cells against 6-OHDA-induced damage [ J ].
Sinica, 2021, 52( 1) :5-13.(in Chinese)
FIRHE 8 A ] 20 e R X 6 e 22 T M A 3 1 4
fiiZ8 SH-SYSY RYPRIPAEFILT]. fffl=#4, 2021,52(1) :5-13.

[16] Kilo L, Stiirner T, Tavosanis G, et al. Drosophila dendritic

Acta Anatomica

arborisation neurons: fantastic actin dynamics and where to find
them[ J]. Cells, 2021, 10(10) ;2777.

[17] Siuta MA, Robertson SD, Kocalis H, et al. Dysregulation of the
norepinephrine transporter sustains cortical hypodopaminergia and
schizophrenia-like behaviors in neuronal rictor null mice[ J]. PLoS
Biol, 2010, 8(6) :e1000393.

[18] Urbanska M, Gozdz A, Swiech LJ, et al. Mammalian target of

rapamycin complex 1 ( mTORC1) and 2 ( mTORC2) control the

dendritic arbor morphology of hippocampal neurons [ J]. J Biol

Chem, 2012, 287(36) :30240-30256.

Laguesse S, Morisot N, PhamLuong K, et al. mTORC2 in the

dorsomedial striatum of mice contributes to alcohol-dependent F-

[19

[

Actin polymerization, structural modifications, and consumption
[J]. Neuropsychopharmacology, 2018, 43(7) ;1539-1547.
[20] Johnson JL., Huang W, Roman G, et al. TORC2: a novel target for
treating age-associated memory impairment[ J]. Sci Rep, 2015, 5.
15193.
Brugarolas J, Lei K, Hurley RL, et al. Regulation of mTOR
function in response to hypoxia by REDDI and the TSC1/TSC2
tumor suppressor complex[ J]. Genes Dev, 2004, 18(23) ;2893-
2904.
Nagatsu T, Sawada M.
disease: role for cytokines[ J]. Curr Pharm Des, 2005,11(38):
999-1016.
Doorn KJ, Moors T, Drukarch B, et al. Microglial phenotypes and

[21

s

[22

[

Inflammatory process in Parkinson’s

[23

—

toll-like receptor 2 in the substantia nigra and hippocampus of
incidental Lewy body disease cases and Parkinson’ s disease
patients[ J ]. Acta Neuropathol Commun, 2014, 2.90.

[24] Fan W, Cheng K, Qin X, et al. mTORC1 and mTORC2 play
different roles in the functional survival of transplanted adipose-
derived stromal cells in hind limb ischemic mice via regulating
inflammation in vivo[ J]. Stem Cells, 2013, 31(1) :203-214.

(i THERE





