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@ E:. BR KT K4 3E% A RNA (long non-coding RNA, LncRNA) JHDM1D A 3L RNA 1( JHDMI1D antisense RNA
1, JHDMID-AS1) *fha4 A fm OB R AR S s 09 B o F AL ik R 1- W 4- XA 85 (MPP') &
32 SH-SYSY #mfe g da o A am RAE A, 325 MPP™ 40, JE¥ tm ek -840 (control Z1) . ¥ JHDMID-AS] mimic
F2 JHDM1D-ASI siRNA % %45 % £ MPP" % - #) SH-SYSY @A F, H| A RT-PCR #| JHDMID-AS1 & ik, X @ fb
HA5-H JHDMID-AS1 #i& 3¢ SH-SYSY 20t == SAR B 4o & & A, (reactive oxygen species, ROS) && 4%
", Western blot % 34447 JHDM1D-AS1 & A AF i Bk & & 1 (SIRT1) &k ey e, AWK K FER L I
Feydew k A, 128 SIRTI # % 7 Resveratrol #} 4 4 JHDM1D-AS1 mimic #9 48 et — 3 L 22, £ 5 JHDMID-ASI
% SIRT1 %+ & frsm & ke v, Z58R  control 22 JHDMID-AS1 A8t & ik 4 0.85+0.21, MPP" 4% 20 JHDMID-
AS1 AR & ik A 1.25+0.33, %% control 283 n, 2 FH %it 3 &L (=62.017, P < 0.05) , # % JHDMID-AS] mimic
F= JHDM1D-AS1 siRNA 4-7 &, JHDMID-AS] A5 %A 57 4 1.63£0.38 2 0.72+0.17, 5 MPP™ 203645 £ 4 %3t
&L (F=112.035, P < 0.05) . MPP" 40 %0 i, 8 = % 4 17.64%, JHDMID-ASI mimic #= JHDM1D-AS1 siRNA £ #n
R T B 5] 4 25.92% A= 10.74%, £ A 43t 5 &L (F=49.052, P < 0.05) . MPP' Z04k & &2 3% JE h 22.20%,
JHDM1D-AS I-mimic = JHDMID-AS1siRNA 28.%% &, 5 5% B 43 4 43.97% F= 10.65%, £ 7 H %uit 5 & 3L (F=57.390,
P<0.05), AXERE T, MPP" 2040 3 K 3% & 4 27.58% +4.25%, JHDMID-ASI mimic 7= JHDM1D-AS1 siRNA
LA 5T 32 R 5R E 5 A A 45.10% +6.05% F= 14.82% +3.70%, £ F A %t & L (F=25.794, P < 0.05) . Control 2
SIRTI % & &3k % 1.00 £0.23, MPP" A& 41 SIRT1 &k Fifl#4 0.70£0.27, £FA%iH5FEL (135740, P < 0.05) .
454« JHDM1D-AS1 mimic #= JHDM1D-AS1 siRNA /&, SIRT1 &A% %)% 0.44+0.16 = 1.34+0.22, 55 MPP" 2L )bk £
F+ A %t E L (F=29.508, P < 0.05) , Target Scan 2|, JTHDMID-ASI 5 SIRT1 55 A 12 4 A-45 &, ek
F B3 2, JHDMID-AS] if & ik 7T B4k WT- SIRT1 36 & B & M. JHDMID-AS i & ik B 25k AR B2 o 45 4K,
SIRT1 i i& it Rk B kBB 1At 3, 452 JTHDMID-ASI mimic ##7% SIRT1 /& LR F @A, it R
B JHDMI1D-AS1 & A 7T 4p4] MPP' # 49 SH-SYSY a8 =, AR AHLH T4 5 JHDMID-AS] ¥2é 34 SIRT1, i
i % ey 4 AR 4 AR R 2R AR T AR K
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Abstract: Objective To investigate the effect and molecular mechanism of long non-coding RNA (LncRNA) JHDM1D
antisense RNA 1(JHDM1D-AS1) on mitochondrial function in Parkinson’s cell model. Methods The SH-SYSY cells were
treated with 1-methyl-4-phenylpyridine ion (MPP") to construct a Parkinson’s cell model, which was recorded as the MPP" group,
and the normal cells were used as the control group. JHDM1D-AS1 mimic and JHDM1D-AS1 siRNA were transfected into
MPP+-induced SH-SYS5Y cells, respectively, and the expression of JHDM1D-AS1 was detected by RT-PCR. Flow cytometry was
used to analyze the effect of JHDM1D-AS1 expression on SH-SYSY cell apoptosis, mitochondrial membrane potential and
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reactive oxygen species ( ROS ) content. The effect of JIDM1D-AS1 expression on SIRT1 protein expression was analyzed by
Western blot experiments, and the targeting relationship between the two was verified by dual-luciferase reporter. The cells
transfected with JHDM1D-AS1 mimic were further treated with SIRT1 activator Resveratrol to confirm the effect of JHDM1D-
AS1 on the mitochondria of Parkinson’s cells. Results The relative expression of JHDM1D-ASI in the control group was 0.85
+ 0.21, and that in the MPP+ model group was 1.25 + 0.33, compared to the control group, with a statistically significant
difference (#=62.017, P<0.05). After transfection with JHDM1D-AS1 mimic and JHDM1D-AS1 siRNA sequences, the relative
expression of JHDM1D-AS1 was 1.63 + 0.38 and 0.72 = 0.17 respectively, which was statistically significant compared with
MPP" group (F=112.035, P<0.05). The apoptosis rate of MPP" group, JHDM1D-AS1 mimic and JHDM1D-AS1 siRNA group
were 17.64%, 25.92% and 10.74%, respectively, and the difference was statistically significant (/=49.052, P<0.05). The green
fluorescence intensity of MPP" group was 22.20%, while that of JHDM1D-AS1mimic and JHDM1D-AS1 siRNA group was
43.97% and 10.65%, respectively, with significant difference (£=57.390, P<0.05). Flow cytometry results showed that the relative
fluorescence intensity of MPP+ group was 27.58% + 4.25%, JHDM1D-AS1 mimic and JHDM1D-AS1 siRNA group were
45.10% + 6.05% and 14.82% =+ 3.70 %, respectively, and the difference was statistically significant (F=25.794, P<0.05). The
expression of SIRTI protein in the control group was 1.00 = 0.23, and the expression of SIRT1 in the MPP" model group was
0.70 + 0.27, and the difference was statistically significant (+=35.740, P<0.05). After transfection with JHDM1D-AS1 mimic and
JHDM1D-AS1 siRNA, the expression of SIRT1 was 0.44 + 0.16 and 1.34 + 0.22 respectively, which was statistically significant
compared with MPP" group (F=29.508, P<0.05). Target scan software predicted that there was a binding site between JHDM1D-
AS1 and SIRT1 sequence. Double luciferase assay showed that JHDM1D-AS1 overexpression could reduce the luciferase
activity of WT-SIRT1. The mitochondrial membrane potential decreases when JHDM1D-AS1 was overexpressed. The
mitochondrial membrane potential increases when SIRT1 activation was overexpressed. Mitochondrial membrane potential levels
rebound after transfection of JHDM1D-AS1 mimic and activation of SIRT1. Conclusion Silencing the expression of JHDM1D-
AS1 could inhibit MPP-induced apoptosis of SH-SYSY cells, and its mechanism may be related to the targeted regulation of
SIRT1 by JHDM1D-ASI, thereby affecting the mitochondrial function of the Parkinson’s cell model.

Keywords: Parkinson’s cell models; LncRNA JHDM1D-AS1; SIRT1; 1-methyl-4-phenylpyridine; mitochondrial function

14 #%9% ( Parkinson’s disease, PD) J& % 4F
NE WP EIRTT R Z —, RIEFEZE LT
R, SRITNZIR R A Z B SR . 29 ER
BERRFZRMAR M, B R
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Jito ¥y 7 PD A5 RY, -4l JTHDM1D-AS1 25 5 &34
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J5 SIRT1, FLJR B -actin K & HRP #5ic 41 %
( B) ¥t ( EE Abcam /A A ) 5 PCR AL ( ffi %
Biometra ) ; AMEREIRM ( HAR=VEAR ) 5 I
B ELHL ( EE Thermo A F ) 3 TN Hr
1% (£E BD AH) .
13 Fi#
1.3.1 s RS 10g/dl i i 9 DMEM
BAFEW, TN 100 U/ml HEZE A 100 pg/mlHHER,
37 °C, Sml/dl CO, WEHITIGFE, MAMMEREE R
80% B, JHREE FIERH AR AR, Trat i = BOs 45k
KM E AT R 225050
1.3.2  PD #5550 4 7 K 20 i 5% g . O 0 A4 K 10
SH-SYSY Zi i T 6 LR, 7EHIEFRWHimA
MPP" i) (&M EH 5 mmol/L) , RFERIEE
5y, fEIRMFE 24 h, WHE PD B B IR SR
P % R % BB 2H (control 2H ) o ¥ MPP' 5519
SH-SYSY 4 M BB #2270 F 6 FLAR ., 7 41 it s B
i # JTHDM1D-AS1 mimic I JHDM1D-ASI siRNA
JPHE G 2 SH-SYSY differh, Zr%ilic A JHDMI1D-
AS1 mimic 411 JHDM1D-ASI siRNA 2, 3%%: 6 h
J ST B SRR AR S 5T 48 h, WA A I A
1.3.3  CCK-8 LA 40 LG 77 B A K ) SH-
SYSY 4ififL, MERHEfL. R, HEMT 96 fLik,
L5 x 10° 4,37 °C, 5ml/dl CO, B EF 455524 h,
A MPP' 4b¥f 24 h, £R¢Hik 3 NEEFL, 5oH)
R 1~5 K, W KR 3R, REAL4r 3 A CCK-8
TRAKSEWEE 2 h, 1E 450 nm A& 5 2 WO
1.3.4 RT-PCR K il % Je %% . FFH RNA $2 Bt
F £ 2 U4 2 SH-SYSY 4i il 5L RNA, % #%
IR & A N cDNA, RSN 42 CIHE
30 min, 85 °C K% 5 min, LASHESEA MY cDNA
VE RN, #E47T PCR Y88, § 44/ R: 94 C 5
min; 94 °C 30s, 60 °C 30s, 72 °C 45s, 40 M,
P BORE S 48 PCR (U 5E, SRA 2742 35T
B A b THDM1D-AST A&k 5, L B -actin
HWNZ, SIWFES K. THDMID-AS] 514
5-TGTTGTTCTGTCACCCACCC-3’, R4 5-
TGCATGGGTCTTTCCACTCC-3’; B -actin I % 51
Y. 5°-CTCCATCCTGGCCTCGCTGT-3", s |4
5’-GCTGTCACCTTCACCGTTCC-3’,
1.3.5  AUAEIAT KA B Y5441 SH-SYSY
YA, PBS VEW 2 IKJG, BLO, HAE, BAMA3pl
Annexin V-FITC, ZEiR#EHEF 10 pl, FHIMA
3wlPl e, ERBEHFE 15 min, E.O0K FE,
B 200 w11 x Bingding buffer, {E2JJ57E 1h
PIA T A BSOS I 4 B 0 T 1

13.6 SRR B A A8 fb: B Yy )5 4% 41 SH-
SYSY 4ififL, &, Al JC-1 ZEyekl, WREE
1 wg/ml, 37 CHEE 30 min, B0, WAL S HR40 M,
BIA 1 ml PBS 2% P e 32 08 08, IRl S5 4500 1 250
WSS, A BERTFIEA) 500 w1 PBS ZZ 0P,
R AN IR A I5T, S AR
1.3.7 ROS FHillE . WY SH-SYSY 4
B, A 200 w1 ¥ EE N 5 pmol/L Y Cell Rox
Red 7Yk, #PERA), 37 CHYEHEE 30 min,
BE LW, A 1 ml PBS 28 il R vk s
e OE B, A 300 w1 PBS i, %%
AT 8 A A A A

1.3.8  Western blot £ illl SIRT1 7K F4 %A H . HL
LSS SH-SYSY 40, BREE AL, MAEA
ST M B R 1, BCA T &I A ik
HUAE U RE S EFT SDS-PAGE BEICHL VK, J5%% PVDF
i, WiRE 4 WA 1 h, A SIRT1 Fl1 B -actin —
Pr (1:1000) , 4 CHEFA®R, WHINA IgG-HRP
¥, FEWEIFE 1 h, PBS M3 K, MIA ECL &
ek, W EBOGIFI R, R Image-J B A4 Bt
SIRT1 £ FIAHXT Rk

1.3.9 AR BGIEF G LK o HIR 5 A B
A RURN S AR I SIRT1 F PR Y 96 Y 28 Wi 15 5% R
#i, ¥ H 5 JHDMI1D-AS1 mimic A control 4% 4y
T SH-SYSY 4ifigrtr, 37°CMEE 48 h o, FIH M
T ZR TG A 59 ST 2 G

1.3.10  SIRT1 #iE AL FE 5 SH-SYSY 4 i £k 14
JERLA AR Ryt — 2D ESE JTHDMI1D-AS1 i 4 i)
YE ] SIRT1 4% PD 40 ik iATh e, BFoqE bk
76T JHDMID-AS] mimic (940 hn A T SIRTI1
P4 7 Resveratrol 4, THIRWF A 24 h, J5iEid i
AL HT SH-SYSY i kb A s v A8 1k
1.4 it oAb KFH SPSS 23.0 FA-UEATEE
Mr, A BRI R 8 + brifE2s (xxs) £
7N, WILLIA] H AR F b ST, ¢ K6, 24 1A] He AR
AR 2200, ZELI) I LR LSD A 56
Ph P<0.05 NERAGIFE L

2 R

2.1 MPP" *} SHSYSY 28 Je /& H #4 % w4 UL &
1. WF5% % F MPP” 4t Bf SH-SYSY 41 Jity #4 & PD
RERL, 28 CCK-8 /il i 7k, MPP™ Ab L J5 1, 2, 3,
4,5 K i} SH-SYSY 4 fg 3 71 43 % 4 1.00 = 0.01,
0.89 + 0.04,0.77 + 0.03, 0.54 + 0.02, 0.33 + 0.02, [##&
Rr SR A4 K A0 G 12 BRI (35 P<0.05) &
2.2 JHDMID-ASI £ &atmfe 49 & ik RT-PCR
45 W4 5%, control 41 SH-SYS5Y 41 Jitd tf JHDMI1D-
AS1 X 2 3K /K 5F }y 0.85+0.21, MPP™ 41 4 iy
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1 JHDMI1D-AS1 #H X} 635 /K2 1.25 £0.33, 4%
control AN, EFALIFE L (=62.017, P
< 0.05) , %Y JHDMI1D-AS1 mimic 1 JHDMID-
AS1 siRNA 5 %1 J&, Wi 41 40 ffg "f JTHDM1D-ASI
AH X 2 3K 7K 43 51 Sk 1.63 £0.38 F10.72 +0.17,
5 MPP Aitfitk, “dlHERITFAGEIT=E X
(F=112.035, P < 0.05) , UtHHFEGL N,

12
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W 51 RAH, **=4.824, P<0.01, ***=10.086, 20.172,
29.381, ¥ P<0.001.

1 MPP &IEXF SH-SYSY 4ABaiE 1R 0n

2.3 JHDMIDASI1 # MPP' #% % %4 SHSY5Y %7 i
B e e 4 T g5 R B R, MPPT 4] SH-
SYSY 40 Ml T F K 17.64%, %Y JHDMID-ASI
mimic Al JHDM1D-ASI siRNA J¥ 1] Ji7, SH-SY5Y
RS IH TR0 51N 25.92% F1110.74%, = 2H[A] Hed
EFHG I X (F=49.052, P < 0.05) , #iH]
JHDMI1D-ASI & 5% ik 7 fi& #f MPP+ i/5 5 1Y SH-
SYSY 494 1, VLB JHDMID-AS1 35 I &%
I

2.4 JHDMIDASI 8 #% MPP’ # F #9 SHSYSY 48
FORE Az AL LI 2, ARAE JC-1 YK IR A
M H% M % B, THDMI1D-AS1 3 &3k 0, JC-1 LA
Sz g €l T IS S ) o8 L S TR N
(7 FEA%; LR JTHDMID-AS1 ik, 204585
Wk, ZRRRBERA R, Al E R A ST
25 Y (F=57.390, P < 0.05) .

1077 4 102

10* E

- 10™

107)
P. 7
53.76%

10"

P2 P2
43.97% 10.65%

10

10" 10* 107
MPPH

10** 10*

2.5 JHDMIDASI % MPP" # 5 % SHSYSY %1 e
¥ ROS &F0#a 4R /R, MPP' 41 ROS
AH X 3¢ 650 Ky 27.58% + 4.25%, %% 4« THDMI1D-
AS1 mimic 5, SH-SY5Y 4i Jifi th ROS % & i &
B, A X 2¢O 5 BE R 45.10% £ 6.05%;  FE Gy
JHDMI1D-ASI siRNA J7, SH-SYSY 4HffiH ROS &
R E D, HARXTSEOGIRE N 14.82% + 3.70%,
MR ES A S E L (F=25.794, P <
0.05) .
2.6 JHDMIDASI 5 SIRT1 Z g #9332 % 2 Target
Scan X EFM i 7x, JHDMID-ASI 5 SIRT1 %1
=1

JHDM1D-AS1 mimic £
& 2 JHDMID-AS] £5%%A3F MPP+ 558 SH-SY5Y 4R 25 far i f& e it

10** 10* 107 10 10"
JHDM1D-AS1 siRNA £

SEA)
BAWMEAN A, WK 3. HOER R RN
7R, JHDMID-AS1 i KT FEAIE WT-SIRT1 25t
Z NG PE, T MUT-SIRT1 2¢O 2 i 15 7 6 . 3
i, #E—2L B JHDM1D-AS1 5 SIRT1 Z 6] N
fmEECR, W&k 1.

10 10 10

WT-SIRT1 §' CUGCCCUGCUCAG--CAGUCACC 3°

LT T
JHDMID-AS1 3' GGGGAGACCAGUUGGUCAGUGU §°
MUT-SIRT1 §' CUGGCGACCAGUG--GUCAGUGC 3

3 JHDMID-ASI 5 SIRT1 &AL

WS RS EE NS R

%5 Control 4 JHDM1D-ASImimic HE P
WT-SIRTI 1.00+0.12 042 +0.08 34732 0.000
MUT-SIRT1 1.02+0.05 0.98 = 0.03 0481 0.614

2.7 JHDMIDASI #F MPP+ # %44 SHSYSY mjie. &
SIRT1 & G #4%5% Western blot 255 L 7~ , Control
¢l SIRTI 25 H A#H Xf % 35 & 1.00+0.23, MPP" 4
SIRT1 L FiH M 0.70 +0.27, PiHE1 254

Gt X (1=35.740, P < 0.05) . %Yt JHDM1D-
AS1 mimic J5, SIRT1 X} ik K 0.44 £0.16, %
MPP" 4 Fif; %4k JHDMI1D-AS1 siRNA J5, SIRT1
FEHFRIAN 1342022, B MPP™ 4 L, =4
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2 IR it L (F=29.508, P < 0.05) .
2.8 JHDMIDASI i@ it SIRTI A 4% SHSYSY 48 At
AR B AL O TUESE MPP' i 5 (1) PD A7
JHDMID-ASI1 J2& 753 +F SIRT1 4 45 26 b AA T fiE,
WF 98 4E MPP" 75 5 19 SH-SY5Y 41 fitd v fin A SIRT1
475 77 Resveratrol Ji7 , SIRT 1 AR #3k°4 1.46 + 0.34,
2 MPP" 41 0.70 +0.27 18 H, 2ZRA511%E
X (£3.032, P < 0.05) ; fF ¥ Y« JHDMID-ASI
mimic 20 i A4 7% 7 Resveratrol, SIRT1 AHXf ik
9 0.97+0.21, # AL %% 4« JHDM1D-AS1 mimic 41

0.44+0.16 fHELBI R _LE, 422598 git27 5
(1=3.477, P <0.05) , & W] SIRT1 ¥4 & Wl Ui
it — 20 28 g Al AR I &% B0, AH LE MPP” 4,
JHDMID-AS1 i & ik B £k ki {4 B5 H A7 B 4 [
fIK, SIRT i B 2 A A S e 57 BH 58 T vy, 5%
JHDMI1D-AS1 mimic H-#{i% SIRT1 J5, ZRiiRBEH
KB T, 5T THDMID-AS1 8 A] 38 3o 30 1A
JE¥E SIRTI 521 MPP' 5 5 (1) SH-SYSY 4fi fif 2k 4
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1044
10¢ 1 10% 4

107 107 7

10¢ 1 10° P2
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104+ 100 107 10* 10%< 104+ 10° 10
MPP*2H JHDM1D-AS1 mimic #H

o
104 100 100
SIRT1 Resveratrol4f

10% 1084

&yiEe, WK 4,
P3 10%3 P3
91.78% p 73.40%
10 § -
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P2 10%9 P2

6.29% 22.41%
1045
10° 1085 1045 100 107 10° 108+

JHDM1D-AS1mimic +
Resveratrol A

B 4 SIRT] EGEFIAIEIG JTHDMID-AS Iof 3235 X 2% 47 4 s B (o i 22 i

3 iTig

PaH A, PD AR T Bl JR 2% i R 19 56 —

R BRIT Mg, HEMRE, BURER &, ™

M BRERANEEY, ARmS, KRR
7 PD WY 259 e U7 ik BUR SR g HOREIR, IR ASTE
BEL L35 1% 09 Ak, PR, AR PRZK S T4 n] A &%
T PD A & R ) 7, SR IT AR EE S T
YEB W RIS S xfE . A W52 48 i, JTHDMID-
AS1 JE—FEFRYUR N PE LneRNA, 41 E A%
H L AL THDMID B SCaE =i, HAT P feny
WK A 2 AR VE R P, SHI %5 U F 58 S 4 s
=74 JHDMI1D-AS1 ik, ] LI Bel-2 2K 17K
A elF2 o IR ALK, HEm- BT 4 T,
$£7K JTHDMID-AS1 78 ROS 75 5 4 4 Jio 8 7~ v e
fEHEE . LIU %5 " 5T 7R, JTHDMID-AS1 Af
AEVE M HE M miR-101-3p e - PE NI PE RNA, 45
4 76 DUSP1 mRNA (1 3°UTR |, AT 410 461 #h 25
JCIAT, KRIEMAYER. WANG % " ifF5E &
i, JHDMID-AS1 o] LLifE 5 MPP" i 5 /9 #h 48 o
AP T . SR RN ARAR RN B, AR HMLE AT RE R
JHDMID-ASI i miR-134-5p/PIK3R3 i/ S
Jufiit, =5 PD WAL KE, $E8 JHDMID-
AS1 5 PD i i R X R %,

PD i 2 B ) BRRRAE 2 vp o 2 5 vh 22 B
MZ T BE R TE B, B R LRIAIIRER R . A
RN, BRI T, SR LT AT
W05 s Iz R 22 I R AR AT T ) R ST A
Ah PD 4l M A Y R H A A 98 A 2T Bt MPP 2

Z e Z ORI AR R, 2 1- 3 4-
I -1, 2, 3, 6- TUENERE ( MPTP ) FITE A =4,
BT ik 2B 2 T R R A 200 e A e B R R IR AR
H, BFFEUESE MPP 55 0] 7= 4E 5 PD ALK #h 2
20 it S AR O RN T SR B AR AR, 2 H AT 4 PD
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