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[{BE] BHH R HEgET-8 M 2( programmed cell death protein 2,PDCD2) i k%t T b L 41 fild ik
Jurkat Ko HIV {8 AR T 400 bk ACH2 JAT-HSIR, F73% T T kLA I bR Jurkat Sz HIV PSR S T 20 0 bk
ACH2 VE A MR RS | SR F Mo B e e HOR 23 BITE E R 20 M ik 2235 PDCD2 ik [H] | 78 A JCRN i 98 IR FE IX 1A G
T35 FECAR (tumor necrosis factor (TNF) -related apoptosis-inducing ligand , TRAIL) #ili# 24 h J5 , %4 PE-Annexin V|
7-AAD KA TR O, SR TSR AR OLT , Jurkat F1 ACH2 40 ALY 8 T2 I R 4 ffL 9 PDCD2 3%
ARSI s 78 TRAIL ST, S5 %0 IRLIAR LL , w5 %3k PDCD2 JE PR A9 Jurkat A1 ACH2 2 I T4 35 1 w7,
A G225 (P<0.05) , 851 PDCD2 REAEHE TRATL BB T T 4 K HIV RS T 41 K-
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PDCD?2 promotes apoptosis of T cells and HIV latent-infected T cells
induced by TRAIL
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[ Abstract ) Objective  To investigate apoptosis after PDCD2 overexpression in Jurkat and ACH2 cell lines.
Methods Jurkat and ACH2 cell lines were used in this study. PDCD2 was stably expressed in the cell lines by lentivirus
infection. Apoptosis was determined by flow cytometry after 24 hours of TRAIL treatment. Results  Apoptosis was not
significantly increased in Jurkat or ACH2 cells stably expressing PDCD2 compared with untransfected control cells.
However, compared with the control group without PDCD2 overexpression, apoptosis was significantly higher in PDCD2-
Jurkat and PDCD2-ACH2 cells induced by TRAIL ( P<0.05). Conclusions PDCD2 promotes apoptosis of T cell and
HIV latent-infected T cells induced by TRAIL.
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e PEA A AE T 85 H ( programmed cell death
protein, PDCD ) J& — 2 15 7 e P4 41 i S8 T2 A0 S 9 2R
FIBUr % 5l A 7R T & F AR R I, 2 4E 47 1R
AR LT o R A e T A 1
( programmed cell death protein 1,PD-1) 7 3 5% 40
PR Nz, ZWIRESER Y] HIV-1 B FH RN T
ML bR RIE PD-1 237 KA PD-1 B9 RIARE
P HIV-1 G T A i Di6e , D) s g |, 1
BRI WA, AT A2 i 7 e itk e . H AT PD-1
NN AT RE & HIV-1 AR E bR &7 1
HIV-1 38 PR B S 57 0 2 4 v — 2 A, P9 ke
PD-1 WHHA KR — M ERIRT TR A

B PD-1 RLAh, LAt 7 e 8 200 M0 58 T K A AR
HIV-1 B TS 80, Pt st T8 H 2
(programmed cell death protein 2, PDCD2) X #% Ky
RP8 123 [ 3 7 — i iy JEE R <7 i BLAZ A o
TENEI Z 40P A 35, PDCD2 H AT H0A
HAEAR AR T rh R HE R SRR
WATIRSE K AR PP A MG 51 0 il P28 240 ff
AR DL R R IR R T A R T S 2 R A
e —2EMEH, ABFFEH, JA 1% PDCD2 fig
AT T 200 B HIV-1 VRIS T 40 f 94 1K
HEAT T ERE, DU HIV-1 W AR % 20 i 4 3
Rt — AN A T ) RS EGHER

1 ##7IE

1.1 4HA8

NV AL 28 2937 (Hb ] B2 22 B2 g 15 2 S
YIS T AR SR S R AT ) 5 T Ik LR PR Jurka
(ATCC) ;HIV AR B T 40 bk ACH2 ([ 50
T4 ) e P 9% o T A A s T S AF
FEEBIE) .
1.2 EERAFS5UEHE

Anti-PDCD2 [ EPR7159 ] ( Cat.
ab126614) 1 H Abcam; PDCD2 Antibody ( Cat. LS-
C169493) 1 [ LSBio; B-Tubulin ( D2N5G ) Rabbit
mAb(Cat.15115) 14 H Cell Signaling Technology ; PE-
Annexin V Apoptosis Detection Kit 1( Cat.559763) Il4]
H BD Pharmingen NI ; TRAIL/Apo2L. Protein,
Human ( Cat. HY-P7306) Il H MCE /A ®]; pWPXL,
pMD2.G | psPAX2 18 9 B 4% YL oRL ( A Dr. Didier
Trono 15 W4 ) 5 % Y& i F]-VigoFect ( Cat. TOO1) g H
Vigorous 7~ F); B £ i I8 Ye/ %% 4L X 57 ( Cat. TR-

antibody

1003) Iy [ Sigma-Aldrich 23 7 ; A/ PDCD2 4= K
JRLE [ 4 B 5 Az ) B2 ) 5 PrimeSeript™ RT
Reagent Kit ( Cat. RRO37A ) , TB Green Premix EX
Taq™ ( Cat. RR820A ) W [1 TaKaRa /\ ) ; TaqgMan"™
RNA-to-CT™ 1-25 1 3K 7| & ( Cat. 4392938 ) 4 [
Applied Biosystems 2~ 7l ; QlAamp Viral RNA Mini Kit
(Cat.52906) 4 [l QIAGEN A, %¢65E & PCR 1Y
7500 AU 7 ABL 28 w5 2¢O & B i BE Nikon
ECLIPSE Ti g [ Nikon 2 Al; b 2% & 5t W 1% 1
ChemiDoc XRS* i H Bio-rad 2~ &) ; i ZC 40 4% BD
Accuri C6 I BD A,

1.3 XWAHE

1.3.1 120N aE e S Jurkat ,ACH2 4]

W7 18 90 75 A0 %% UK pWPXL pMD2. G . psPAX2
PL2:1 2B Ll 5 VigoFect 1 W e B 056 4 TAF
W, W% TAERGEREINA 293T 5351 ,37°C 5%
CO, WA SR 6~ 8 h Ji B fif 455 R Bk ) AR 2L
Higw 36 h, WUEM BiE SH el 1
RAJG , TR Jurkat J2 ACH2 419,12 h J5 5 e
Bl RE IR AL AP R A R W A L T R
Sy PDCD2(H) & PDCD2 (RM) E7n it #£ik AN/
Bt PDCD2 ()52 20 i bk .

1.3.2  RT-PCR £ 41 i2 5 PDCD2 mRNA 3Rk
K

R 2x10° A~ 41 i - FE O RNA, HR 4% NCBI
L AFE PDCD2 3 KRN GAPDH v %1, | FH % 4
DNAMAN HE{7 PDCD2 F1 GAPDH 311 9i%3t, 5149
J¥ %] . PDCD2-F: 5’ -ACCCTAGACTGGAGATT
GGGACATA-3’ ; PDCD2-R: 5’ -CAACCTCAGGCATA
ATCTCATCTTC-3" ; GAPDH-F; 5’ -CTGTTCGAGAG
TCAGCCGCA-3’ ; GAPDH-R ;5 -~AGGCGCCCAATAC
GACCAAA-3" , Bdligs il it 27 WA 1315
1.3.3  Western blot £l 41 i )y PDCD2 %5 3% 1A
51

WAE 5% 10° 2L, 46 I B L3S W T LUK
HLG S 1A, 4°C 1% B — 31 (Anti-PDCD2) |, & ifit
1 h % F —H1(B-Tubulin) , i ] ECL ILBEG, BRI 5%
HE AR XS 2 38 1t Tmage] BXAFREFT A [ARE
SIHTNZ
1.3.4 EHHEM TRAIL 34 Jurkat ACH2 4 Jif

B KRR Jurkat AT ACH2 40 5%10° 4,
A2 f 0,25,50, 100, 150,300 ng/ml. Y
TRAIL,JRA1G 8T 37°C ,5% CO, Wb 3% ,24 h
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Je CE L AT R TR, SR 2R B 25 ng/mL Y
TRAIL 2 F B2 T 5 S2 R e 5
1.3.5 S T py A

e 5x10° N4, WA B9 PBS & 1XAnnexin
V Binding Buffer $% 3 ## /5, Il A 5 pL PE-Annexin V
5 L 7-AAD, il T #SEEE 15 min, o 385 i
ﬁﬁ{m“éﬁiﬂﬁﬁt‘%ﬁm] o Annexin V BHEZRE S
TR TR
1.3.6  ZHAE FTF e 7 43 i A I

BRI 135 2 B 35 RNA, f FH 52 i 2¢O &
PCR KR4 Ly s d gk 0 . R4 ¥ 51 FAM-
5 ’-AAAATTCGGTTAAGGCCAGGGGGAAAGAA-3 -
TAMRA; 5| # F ¥. HIV gag-F: 5’ -GGTGCG
AGAGCGTCAGTATTAAG-3" ; HIV gag-R:5’ -AGCTC
CCTGCTTGCCCATA-3" .
1.4 FitEHZE

W FlowJo V10 X248 f 8 T i =X 0 B4l 2 17
30T, A B M1 5 B 3 H GraphPad Prism8
B PRI AR EZE (xs) SRBER LRGSR, P<
0. 05 A A RRAE , FR A MBI TR

2 #R

2.1 A[ERE TRAIL Xt Jurkat X% ACH2 48 @A
TR0

Jurkat ZAMITESA TRAIL FIA1E T, M T2%
H9(1.29+0. 53) %, K% TRAIL ¥k BE A3 0, 8 1%
WEHEE . M 25 ng/mL 4 (38. 86+4. 83 ) % & W
HAINZ 300 ng/mL B 1Y (49.44+4.79)% (Kl 1A)
ACH2 I 7E L3R AS [A] v BE /%) TRAIL Jil3% T, J4 T
FAME Y Jurkat 4 E—2, 43508 (1. 83+0.25) %,

(16.14 £ 0.69)% . (16.36 = 0.78 )%, ( 16.10 +
0.63)% .(16.09+1.57)% . (15.79 +0.67 )% ( [#
1B) ., mZHfEfH 25 ng/mL A9 TRAIL T )5 &2
2.2 3% PDCD2 Ky Jurkat A7 TRAIL $li#
AT

AWFFEE A PDCD2 Ak PDCD2 AL ) 5 e %)
pWPXL & f | i F pWPXL 2 {A A &4 4 EGFP
PR, pWPXL 25 2 5 95 5 A3 TR 7 A= 1 4 B
D&Y Jurkat 40 M ( Jurkat-mock ) J5 , 7T UL 20 it PN 23
e A £k, H GFP 1y B MR ik 98. 6% (&
2A), 7E RNA /K E 5 Jurkat 2 4 AH EE , Jurkat-
PDCD2 (H) 40 & Jurkat-PDCD2 ( RM ) 41 21 }s P4
PDCD2 mRNA Rk 43 538 T 4. 67 151 3.53
f5(E 2B) . FE&E K I, PDCD2 Al X} 1k 5 7F
Jurkat-PDCD2 (H) } 1.26+0. 07, 7 Jurkat-PDCD2
(RM) H9 1.12+0.39, Jurkat-PDCD2 (H) (P <
0.001) 5 Jurkat-PDCD2(RM ) At ik B EH T
Jurkat & Jurkat-mock , H H 1T 2 5% (P<0.05, ¥
2€),

TEAS 25 ) R0 I 0 R, W AL TR
(1.56+0.24) %, Jurkat-PDCD2 ( H) }% Jurkat-PDCD2
(RM) 40t 0 T893 31 24 (1.51+0.22) % . (1. 61+
0.10)%,3 H4n M TR LR ZFMHE 7R (P>
0.05) , 7 TRAIL BHIFL T, X &4 | Jurkat-PDCD2
(H) K Jurkat-PDCD2 ( RM ) 4 ffl 8 7= 5% 73 5 A
(21.59 + 1.45)% . (26.59 + 0.57 )%, (28.08 +
1.51) %, S5XTHEAIAH LL, Jurkat-PDCD2 (H) 4 ( P<
0. 05) } Jurkat-PDCD2( RM) 2H ( P<0. 01) I 1= B
W, AR ENZER (K 2D)

A RFRBE RS TRAIL fil34 24 b J5 , Jurkat ZHA0JR T-7KSE RO AR 40 s B SRR BE A9 TRAIL Hl3%4 24 h J5 , ACH2 ZH IR T-/KF- iy 72E 4k
1 ANEWER TRAIL %S Jurkat K& ACH2 I T

Note. A, Apoptosis rate of Jurkat cells after 24 hours of TRAIL treatment with different concentrations. B, Apoptosis rate of ACH2 cells after 24 hours of

TRAIL treatment with different concentrations.

Figure 1 Apoptosis of Jurkat and ACH2 cells induced by TRAIL at different concentrations
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2.3 333%i% PDCD2 i) ACH2 ZRAfi7E TRAIL %35
TAT g

AW FUCK sEFEA N PDCD2 Al PDCD2 1
pWPXL 75 # A 5 40 2% JORL ™ A= 1 9 B B D JEk
ACH2 s ( ACH2-mock ) , iZ 40 M3 PN 6 35 A 4% (6,75
JCEE, H GFP 1y FHME % 73.5% (B 3A) , 1E
RNA 7K |, ACH2-PDCD2 ( H) #H 41 fifi J2 ACH2-
PDCD2(RM) ZH ZH i ;N PDCD2 mRNA 35 & 43 5
It ACH2 HAII £ 5. 49 f5F0 4. 02 £% (K 3B) , 7E
M /K |, ACH2-PDCD2 ( H) } ACH2-PDCD2
(RM) 4l PDCD2 AHX} A5 A 0. 68+0. 19.0. 63+
0.16, 5 ACH2 & ACH2-mock 4 i #f k., ACH2-
PDCD2( H) 40l ( P<0. 01) F1 ACH2-PDCD2( RM) £H
i PDCD2 AXF R IA B E T m , ARt 25 (P<

0.01,3C),

TEAN T TRAIL M1E LR, X IR  ACH2-PDCD2
(H) K ACH2-PDCD2 ( RM) 41 it 8 7= 3% 43 %1 Ky
(1.220.27)% (1. 4120.16) % (1. 47+0.25) % ,3
MM EI A TR T R EEER (P>0.05); 7
TRAIL FHIT X BB PHT-F K (11.5+0.93) %,
ACH2-PDCD2(H) } ACH2-PDCD2 ( RM) 4fi it 7=
FHN(15.87+1.39)% (17.81+1.40) %, 5 XFHELH
A, ACH2-PDCD2( H) 41 ( P<0. 01) ,ACH2-PDCD2
(RM) 20T R 5 5 5 TX A AL #2255 (P<
0.01,& 3D), TRAIL #|3# T~ ,ACH2-PDCD2( H) £
(P<0.01) 5 ACH2-PDCD2 ( RM) 4H 40 s |- %5 HIV
REHEW RS T ACH2 4, A4 ¥ 2% (P<
0.05,F 3E) .,

1 A Jurkat-mock ZHi8 GFP ik I ; B: 946 € &2 PCR K&l Jurkat | Jurkat-mock | Jurkat-PDCD2 ( H) | Jurkat-PDCD2 ( RM ) 41l Jitg ¥k 1 A/
PDCD2 mRNA 13235 7KF ; C. Western blot #: Jurkat , Jurkat-mock . Jurkat-PDCD2( H) . Jurkat-PDCD2( RM ) 4 ffikk N /% PDCD2 & (1314
V5D X B4 Jurkat-PDCD2 (H) J¢ Jurkat-PDCD2 ( RM) 7547 JG TRAIL #3 T B T-/KF-, S5XF A, *P<0.05, *P<0.01, ™ P

<0.001,

2 Jurkat Jurkat-mock Jurkat-PDCD2( H) Jurkat-PDCD2( RM) 40 £k N PDCD2 A4 23515 it S 41 i 98 1= 7K S
Note. A, Levels of GFP in Jurkat-mock cells. B, Levels of human /macaque PDCD2 mRNA in Jurkat, Jurkat-mock, Jurkat-PDCD2(H) and Jurkat-
PDCD2(RM) cells were detected by qPCR. C, Expression levels of human/macaque PDCD2 protein in Jurkat, Jurkat-mock, Jurkat-PDCD2( H)
and Jurkat-PDCD2(RM) cells were detected by Western blot. D, Apoptosis rate of Jurkat-PDCD2(H) , Jurkat-PDCD2(RM) and the control cells
with or without TRAIL treatment. Compared with the control group, *P<0.05, **P<0.01, **P<0.001.
Figure 2 Expression levels of PDCD2 and apoptosis rate in Jurkat, Jurkat-mock, Jurkat-PDCD2(H) and Jurkat-PDCD2(RM) cells
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1 : A ACH2-mock 20l GFP k00 ; B, 74 6E & PCR Kl ACH2 , ACH2-mock ,ACH2-PDCD2( H) ,ACH2-PDCD2( RM ) 4il i ] A/ %% PDCD2
mRNA )35 7K F; C; Western blot £l ACH2 , ACH2-mock , ACH2-PDCD2 ( H) ,ACH2-PDCD2 ( RM) 4il }fl § A/ PDCD2 & 11 %35k F; D
ACH2-PDCD2( H) ,ACH2-PDCD2 ( RM) S HEZH 7E A il S TRAIL Hl R AP T 7K E . 296 it PCR AGIUA Hl3 Sz TRAIL 3~ ACH2 |
ACH2-PDCD2( H) ACH2-PDCD2( RM) 41iJifd -3 HIV Wik, SXR4IMHE, *P<0. 05, *P<0. 01, **P<0. 001,
B3 ACH2,ACH2-mock ,ACH2-PDCD2(H) ,ACH2-PDCD2( RM ) 4l i 4 PDCD2 it 2 155 10 K 40 M 0 7= 7K °F

Note. A, GFP expression in ACH2-mock cells. B, Expression levels of human/macaque PDCD2 mRNA in ACH2, ACH2-mock, ACH2-PDCD2(H)
and ACH2-PDCD2(RM) cells were detected by qPCR. C, Expression levels of human/macaque PDCD2 protein in ACH2, ACH2-mock, ACH2-
PDCD2(H) and ACH2-PDCD2(RM) cells were detected by Western blot. D, Apoptosis rate of ACH2-PDCD2(H), ACH2-PDCD2(RM) and the
control cells with or without TRAIL treatment. E, RT-PCR was used to detect viral load in the supernatant of ACH2, ACH2-PDCD2(H) and ACH2-
PDCD2(RM) cells stimulated by TRAIL. Compared with the control group, *P< 0.05, “P< 0.01, **P< 0.001.
Figure 3 Expression levels of PDCD2 and apoptosis rate in ACH2, ACH2-mock, ACH2-PDCD2(H) and ACH2-PDCD2(RM) cells

T A AR ZE A S 2 4T, CDA™T 26 Jifg U 2 3¢

3 R
ok SR LR TR B R R AN — ., W T

i B R SCHRIRE , PDCD2 76 3475 20 H gH T ol
HEANEH, A 52 E& AN PDCD2 AT DL i 37
caspase 18 [ R A2 HE A BE AR A L 40 i g Tt
WA &I PDCD2 Al p53 215 S B
O N S R S (W o N &
G OL T, PDCD2 BYZRIRIKFANBESZ I T 2 M i I
T2, {B7E TRAIL /5 F, PDCD2 A4 55 2635 7l LIA 5L
PET T 0T, BERH PDCD2 75 B — 2 iy
M T AR kIR SE T A TR DI RE

R PDCD2 7E HIV-1 IR B T A0 i fEHT, &
IR ACH2 4k, #4827 F2 0 5% 4% PDCD2 11y
HIV-1 ARG T 4 kk, UESE T PDCD2 1 A iE
TRAIL BT HIV-1 WKL A A P T2 DL S HIV
e 1 BB, #2278 PDCD2 7655 HIV-1 IR B Ye 40
MRS PR T S HIV R 8 16 Ak 1) B2 i 4 FE 2
XF PDCD2 i #F TRALL 1755 41 A 9 T~ 1) 1 FH 38 2% M
sy F TR ARG, A BT T f# HIV-1 34K
TR A MR T A R AL, o 4R 3 e 2 v AR
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Y 5 i AR I AR AR IR AR

AFHERAE ) PDCD2 7E CDS J¥3 A 21 4~
B2 5 LG 12 DNEIERA A, AR
FeBE T R WA AR 9 PDCD2 7€ T 20 i i Hh 1)
RAAFE W TEL, AR DA ET A
PDCD2-Jurkat/ACH2 FI % PDCD2-Jurkat/ACH2 #2
EMBERR , gPCR Fl Western blot 25 5 7 A FlAe
PDCD2 B3R ikw BLAAH ], 76 A FifE PDCD2 %Kik
HOEAR—FE LT, BT R 1 = 2] DUAE
TRAIL F¥ T T 40 dE T, HWE N ST
WS XEEEERUIN] RAE AFIR PDCD2 7E
REEMRIT 5 LA — o 25 57, (H X 26 22 7 R 5
PDCD2 RYEEFHA S T AiEE T, 25 L, AAI
M PDCD2 XF T 20 F2 HIV-1 3R YT 20 i i)
T EA R
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IfiL 775 3R 5 S5 r [R5 ( Sepr) i B B 2k TR /)N B
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FRb,EEE,EEER, AR FAR, EWE, TW,AXG, 8

(B Z AR B2 NP LU R 2 T i S 58, v [ R 2 Bk e R 2 S sh W WE S i, AL st A B2 B LR R 2 vy
U R NSRBI s PR TR0 LRt 100021)

[{#ZE] B# EET Sdpr ZEP @R/ Sdpr $E 3L/ FAAL S Sdpr SEF DB M se s /N RS . 77
%  FIHH CRISPR/Cas9 Hi ARG Sdpr FEPH /N B, ) FH ik 2 38 ORI A 2 Sdpr 5 3L /NS FI ) PCR %878
INEREER S T qRT-PCR Al Western blot #i1 mRNA FZE (4 F B E 0, FREUN R SUE T L 200 B2 A, B
TR AN AN /N B L AT, R ARG Sdpr JE IR RIG S G LR /N UBERY 5555 A AN BUAT HE 3 K i
Bi/INBRL Sdpr ZER R IRBEAR  ZHER 240t IR A Mkt il T W56 S8 PEA I 1 5 I R SRR A A e, v vl i fok S BT T DL
ST I 5 JRH 2R L0001 BRBE A Il 5 BB D T 4 M L I REARR, J it v CD4™ CD8™ 4l i3 22, CD4” CD8™ 4t MLy /b, %%
FER/INER Sdpr 2[R FRIE 3NN 5 T4 22006 W5 A8 PE 5 i ] B 285 98 5 AL 2 2P0 0b L8 4 3 2, 2T Bt it 22 5 A1 A o v
B 41 i A3 I, MR T 20 A LE A AR, IR CD4™ 2B a4 22, CD4” CD8™ #i i/, 4538 BT HIYEE T Sdpr #
B A SE PR /NBRL, AT LI AIFSY SDPR 8K 1 2% HOAH G M2 26 11 7R TRV AH 230 B v A VR P AL R R (LA A

[ BEIR] i RIRF SR EE K 5 Sdpr s FEP AR s 7 B 185 /N B
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Establishment and phenotypic analysis of Sdpr-knockout mice and
transgenic mice

LI Xinyue, SHI Guiying, LEI Xuepei, HUANG Yiying, LI Keya, HOU Liya, WANG Kaiyu, TANG Jiaming, BAI Lin~
(NHC Key Laboratory of Human Disease Comparative Medicine; Institute of Laboratory Animal Science, CAMS&PUMC ; Beijing

Engineering Research Center for Experimental Animal Models of Human Critical Diseases, Beijing 100021, China)

[ Abstract]  Objective To establish Sdpr-gene-knockout and Sdpr transgenic mouse models to provide suitable
models for studying Sdpr gene function. Methods Sdpr-knockout mice were constructed by CRISPR/Cas9 technology,
while Sdpr transgenic mice were constructed using plasmid overexpression. We identified mouse genotypes by PCR. The
mRNA and protein expression levels were determined by qRT-PCR and Western blot. Mouse tissues were obtained for
histopathological analysis. We analyzed the immune cells of the knockout mice and transgenic mice by flow cytometry.
Results  Sdpr-gene-knockout and transgenic mouse models were obtained. Compared with that in the wild-type mice, the

Sdpr gene expression level was decreased in the knockout mice. Meanwhile, inflammatory foci appeared in many tissues,
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such as inflammatory cells infiltrated into the lungs and fat. Hepatic steatosis can be observed, and extramedullary

hematopoiesis can be seen around the central hepatic vein. Extramedullary hematopoiesis can be observed in the red pulp of

the spleen. The proportion of T cells in bone marrow of the knockout mice decreased, the number of CD4”CD8™ T cells in

the thymus increased, while CD4"CD8" T cells decreased. In terms of the findings in the transgenic mice, the expression

level of the Sdpr gene increased. In addition, their liver cells showed slight fatty degeneration and widening of alveolar

septa. Moreover, spleen lymphocytes exhibited hyperplasia and red pulp cells increased. The proportion of B cells in the

peripheral blood of the transgenic mice increased while the proportions of myeloid and T cells decreased. Finally, thymus

CD4"T cells increased while CD4" CD8" T cells decreased. Conclusions

Sdpr-knockout and transgenic mice were

successfully established and identified, which can provide models for studying the mechanisms of action of SDPR protein

and its related caveolin protein in different tissues and organs.

[ Keywords]

IR 2 (caveolae ) J2 21 JE 3R 18T PN B 1) 25 44, 4
55 g B IE I i /eS8 H (caveolin) B A, 7E
AN AT A0 MR ZH | A0 P o | I ] P A A
W AF AL T LR A A R ) I B b B
TERE,

Cavin K 5 /& 4 5 Mo 5 2508 WA 2 BE 1 K
P 4345 T Cavin-1, Cavin-2 ., Cavin-3 ., Cavin-4 4
AELER D H Cavin-2 BRI 3 #1258 K KT
(serum deprivation-response protein, SDPR) , “h Jifg Jii
P E AR, TN 2 5P AR q32-933
A7, i 418 DN IEMRZH B, 7EAS [F) Wy v HAT sy B 1Y)
[l . SDPR S fe ) A I/ H 4l Ak by B A 15 22
R (PS) 255 A FEAEURIMIIE B 2 25 1
C(protein kinase C, PKC) SRR EY T Bk
LT LA 0 40 e v v 63k L S AR R T
BT & BL, SDPR %2 5 MR 4 LR My 4 A= AE
5, 2T I 5 2 I S PN B BT 8 1, ELHE T g
RE B 407 AR ) 55— vl v LA 1 e
BB MY R sh J 2 B0 JLAE
KXS SDPR IRIFSE A e M A B 5E, E &
IRAE 22 TP 96 A 0 P L s 0 B e vh Sdlpr ik
PRITA T I, $E7R Sdpr 7T BE A AR Sy 009 35 DR 52 e
& A e R Sdpr T 3 i BH B Ak A K TR
F-B A5 5 o) L A 1 2 s o AR
I RELYR T AR Ry L g e A% B A ] A B AR R i
BN/ INBRES

A XS Sdpr B PR BY AT vh R 22 F) T 4 il 2R B
Ji e £8 A UREAS TR AIESE Sdpr R AH G T
A M M DG i i 25 B AR AN [ AH 2 8 B R i A
HLEE, A5 ThFATT R CRISPR/ Cas9 HAR Flid %
IRBURERN T Sdpr R BRI BRI Sdpr % B2 PR/
BB | iz B A A ) °7 T RE R T 5% S A 22 T

serum deprivation-response protein; Sdpr; gene knockout; transgenic; mice

BOW B KA [R5 i 4 114 1A A BF 52 v i 3t
ARSI, [R] I, 38 A X AR R 30 A5 A6 I 3
Hreb A8 Sdpr 3 PIXE/N RS R RAT AR

1 #B5EFEE

1.1 W

S R S A SPF 2% CSTBL/6J /IR ( MEE
15 H 3~4 JEk RE 7~12 o; MM, 30 H,6~8 JH
W KT 18 ~25 g) M2 ICR /MR (METE, 4 H, 8~ 10
JE KT 27 ~30 g MEE, 2 HL 10 A, A 35~ 38
g), WA T b o A BB A B B Ay A BR A
[ SCXK( 3%)2019-0008 | , KW fm] 5% T~ [ B2 22 Bk
B 2 2 S 56 Sh W WF 5% BT [ SYXK ( 51) 2019 - 0014 ]
SPF 2% 2 ¥ bt B A 55 sh W it R 57 A4 L L
20°C ~26°C ,JBJE 40% ~70% , I8 R HABI I 1L 12 h/
12 h, WFEHIE S nT [ ook, R KO
Hopb G20t mlR R KA, SEE0 v I
NP IARAE R Y © 38 2 A U7 52 56 sh 4l 5 4 B
Z B4 %L (BL17001) | 35405 3R JR
1.2 FERFSNUE

MECAshortscriptTM T7 # Fi 5 & ( Invitrogen ,
Am1354); B H # PCR i # & ( Bimake,
B45012 ); DL2000 DNA Marker ( TaKaRa );
PrimeScript'™ RT reagent Kit ( TaKaRa) TB Green ®
Premix Ex Taq"(TaKaRa) ; RIPA Z4f# & ( Beyotime
PO013B) ; BCA & [ ¥ J& il 22 i 7 & ( Beyotime,
P0009) ; PAGE BEBC PR il #5100 & (10% ) (CHER
PG112 ); — #$T: SDPR Polyclonal  Antibody
( proteintech, 12339-1-AP ), B-actin ( Bioss, bs-
0061R) ; —HL: ILFEHifh (PR &AF, ZB-5301) ;41
20 g 24 7% W ( BD, 555899) ; i 2 i ik CD3 ., CD4
CD8 .B220.CD11b NKI1. 1( Invitrogen)
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PCR 1% ( Hema ) ; StepOnePlus™ 52 i} %% ) %€ &
PCR 1Y ( applied biosystems , 3¢ [# ) ; Z#£ 5 b 5 £k )
54X ( OMNI, Bead Ruptor 24 Elite) ; T H i, 7k 1Y
(Bio-Rad, 32 [H) ; ZHZUB /K ML A7 S5 HEAL A i8]
F AL (Leica, {8 ) ; 3 =X 40 B9 4% ( BD FACSAria, 3¢
B .

1.3 ZWAHE
1.3.1  Sdpr FEH @R/ R %

FIFH CRISPR/ Cas9 HARFEAT Sdpr F PRI/ Bl
FUEENT, /N Sdpr BED (Gene 1D: 20324) i 45—
YetafR 1 C1 1 X Bt (ENSMUSG00000045954) . 41 %
Sdpr F& A ¥ £ W > seRNA ¥ & (#8450 1.
GGCCATCCGAGACAACTCGCAGG J # /5 2. GGTA
CTTGGAGAGCTTGGTGAGG) , A Jli Wi X} 55 SR A% 11 R B
( Mice-Sdpr-1-gRNA  up: TAGGCCATCCGAGACAACT
CGC #1 Mice-Sdpr-1-gRNA down: AAACGCGAGTTGTC
TCGGATGG ; Mice-Sdpr-2-gRNA up: TAGGTACTTGGAG
AGCTTGGTG #1 Mice-Sdpr-2-gRNA down; AAACCACC
AAGCTCTCCAAGTA) , H4G i sgRNA B4 o 1R
KEMELEA BN B AL Bsa 1 BEUIZAPEALRY
pUCS57-sgRNA FRik A, IRk i 58 I sgRNA 5,
fA3E 1 MEGAshortscriptTM T7 %% 850 & R A i 5
BCA AT ST sgRNA

¥ 3~4 JElY C57TBL/6 ME BT PMSG A HCG
BRI BBHEDD , 5 RU4E CSTBL/6 /NS HL G 3k
KGO TS, Cas9 # M 3 K A1 5% 7 i N
A GF Y Cas9-RNA (30 ng/plL), 55 5 )5 1Y
sgRNA (10 ng/pL) IR GG TS B/ NRZ RGO b . R
FH 8~ 10 A4 TCR M L5 45 L A0 M B2 Bid S 28 B
T P SRR A 32 1 B, B T S 1 A2 RS B RS A B A2
A B O A8 R, S5 e /DN B A S R R
1.3.2  Sdpr FEPRHE /N R &

H PCR ¥ 34 5)/NEL Sdpr( Gene 1D ;20324 ) LA
R R pUBC-SBase TR AR, K Y1t R B
A pUBC # 1k () UBC J3 31 F F ii%, M Pvul
(TaKaRa) XJ 3R L6 AL 5 AR F5 5% FE ] DNA F B,
283 Sephedex G50 14l b IF VK EE Ky 5 ng/pL,
T 3o S S R AR e A 1 B i R A v A
SPF 4% C57BL/6) /INELSZ A B v o 1 5 5 1 32 4
BURE A 2 2232 1 ICR /NRAA N, S /N B AR S
Y SER A
1.3.3 FEFAIYE

N AR TR G S IR BT HUR 22, AL U

PCR U0 & 24/ FRUR $2 IOE R 4 DNA R4 )5 571
5 BB TR 5 | 4 (i s e b 5L ) . AR A
W51 % K. Mice-Sdpr KO-F: 5’ -GCTCACTTCAG
ACCAACCAGCC-3’ #1  Mice-Sdpr KO-R: 5 ’-
GGACTGAGCTCAAGTAGGTGGAGG-3" (B = 4%
612 bp, MR 55 A 451 bp) 5 5 KL RS I 5 | )
9+ Sdpr-F1: 5’ -ATCCAGAACGACCTCACCAAG-3’
Ml Sdpr-R1; 5’ -TATCGACTTTCTTGAGGCTGGAT-3’
(45454 445 bp) PCR VKR N 20 pL, RN FETF
95 5 min; (95°C 30 s,60°C 30 s,72°C 45 s) x30
MEIF;72°C 10 min, RS 1. 5% 19 350 B 4k ek
JE HL Uk I AR
1.3.4 qRT-PCR il Sdpr mRNA ik

Sdpr w5 /N BR % [R]85 B AR BN R 4% 3 L, Sdpr
e LRI BR R [R) g B A /N R4S 3 L i s A B
J& , TRIzol ¥A $& HUM | M i B RNA, F1) H 5 3% s
RN A4S cDNA, R Sdpr FEHI{E B 5
Yo o( &b W 95 M FE L) Sdpr-sense: 5 -
CATCCAGAACGACCTCACCAA-3 °  Fl  Sdpr-anti-
sense: 5’ -GGGAACTGGCTCCTTCACAA-3’ ., Ll B-
actin "N Z M 3 & W5l ¥ B-actin-sense
TGCTGTCCCTGTATGCCTCT #1 B-actin-anti-sense :
TTGATGTCACGCACGATTTC, % /1] SYBR Green i
SEANFEREA T Y Sdpr ]k d-47 047, T3 Cr
(B, R 2759 b A AR X 22 4 #T
1.3.5 Western blot Kzl #2021 SDPR £ FH £ ik

BUSZLET R 6 A HErE Sdpr FE PR R /N B
(Sdpr™™) I H:[R) 63 B A RUNER (Sdpr™ ) % 3 16
H & e Sdpr JE PR LR /N B ( Sdpr-Tg) S Hifm] &8
PR (WT) £ 3 B ZIRIESFHUNR G
T it M i 28 2 T S R S A A
RIPA ZLf# W , 8 Fl OMNI 35 B A BF B8 I, vk I 4 i
30 min, 12000 r/min 4°C &5.0> 20 min J&5 B 35 M40
ZUREE, 28 BCA 327 & Wk B2 I 2 = 8 o 2 vk
JE, #l#& 10% PAGE BEE, L FE & M BEfL 30 pe.
—#i:SDPR(1 : 1000) B-actin( 1 : 2000) ,4°C &
W, ZHINFEHLR (L 2 5000) , HiEE 1 h,
TBST Pela i H ECL &G i,
1.3.6 75 ARKE — P £ ( hematoxylin-eosin staining,
HE ) Jeft

B 6 H 1% Sdpr J PR Rl R /0> BRUFN G (] 3 17 A
RI/INER, Sdpr 7556 P /N BURTHC [ 65 35 A4 /N, B
WA < U HCs L il SR 2 2 T
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10% 5/ Sk 2 48 h LU b, & LEERREE K
THZEW AN PR RS, TR AL HE
Juft, | B e TR W AR T T A S0 B ARk
PUE- S
1.3.7 i X abr

/1N BRLHIR FIE ik AR SE AL ML 100 WL, A £ 400
M RRR 2 5 E IR E E 5 min, B0 )5 1A PBS
Gz ik o e A B A T /0 BRI M vk b BE UM
iR BE T AR PBS Z i b, AR B A b
W HCPBS b B B | LA i 240 A B 45 FH 5 HU/ DN
BROBUIN F PR, et P A B g i 4 e o, 20 P A
6 mLTi¥% PBS ZZ i R B WIT H 2B AL KL,
H- 20 Mo B 22 300 H JE e B it 3E 5, 1500 1/min
BI05 min, A PBS 24, I8 5 240 B vk B S
B 10° AN 2 Seht i bric .

B33 41 B 0 B >R 4N R HLAR AR IC : FITC CD4
PE CD45. PerCP-cy5.5 CD3. PE-Cy7 B220. APC
CD8 APC-Cy7 CD11b, #JEE &0 )5, A PBS
FERE(1 = 200) 92 SEPLARARIC, 4°C RESE YL A 30
min, PBS Ve ‘{j(, 2500 r/min &> 5 min, 200 L
PBS 41 i, & 300 H ¢ g Bt s L AL,
FlowJo 315 AR1C BH A0 IE H K
1.4 SFitFEH*E

4% ] GraphPad Prism 8. 4.0 FI IBM SPSS
Statistics 26 HEATGETT 4 BT, 556 Hh A £ 5 24 LT

PP AR EZE (x£s) R 45 2H RV HUHE 20 A % ik
SEAEAS ¢ KB, P<0. 05 WA i 255

2 R

2.1 Sdpr ZEEmB/NRANEERENRWEE

FATFIFH CRISPR/Cas9 W F AR T Sdpr &
FBR/INEL, BT X Sdpr ZEFBETT T A sgRNA 18 H
AR, seRNA 2 IR 2R IR 20 2R VAL B BOR 7 A s , 1B
K55 pUC57-sgRNA #5422 (& 1A) , I3 550 15 471
ZESLIER (K 1B) . sgRNA fiff Cas9 W] 7E sgRNA 1E
FTFHUNE A PAM 751, 5230 DNA XUEE W7 24
PRI Y sgRNA FRIRBRFI Cas9 FRik Tk £
T7 RNA A BRI 5% R PTHEH Y sgRNA il Cas9
mRNA IR G JE T2/ AZKG 0P o, Bt A 32
A ICR /R /N B AR 5 5 B AR /N BRS¢
B, TERELEE UM R EEIRPEE DNA #F17 5
RIS SE 28 PCR & B B A 2571 Sy 612 bp, iR 2%
M5k 451 bp, [FIRHFE 612 bp 451 bp LA 44T, N
ET/MR(E 24)

[ Sdpr J& R4 A i 2235 Bk UBC Ja 8
T R AR B Sdpr % B K i 3R AR pUBC-Sdpr
(F1C) o IR I e S 2 A 1 28 4k 1 55 %)
C57BL/6] /NRAZAGON , B A AR A2 32K 1CR /N,
/N A S SR AE RN R A RC AR Sdpr 4> Brid 3R
IR, IR ST R A5, A IR BHPE /N B

A FIFH CRISPR/ Cas9 3T Sdpr s/ AR HE/R R 7658 — 4 B AL I VR IR0 A, B €55 sgRNA X6 17 119
B 2060k PAM 357, Cas9/sgRNA S J (W ZE A THE = AR AT 5848 | 7= 25 Sdpr 8t (W 23k 244 s B . Sdpr &R Bt

M F45 5 . C . pUBC-Sdpr Feik B AR E

Bl 1 Sdpr Bk B S 3/ U S 7 5

Note. A, Schematic diagram of Sdpr knockout mice with CRISPR/Cas9 technology. The target was designed on the first

exon, the blue was the two targets corresponding to sgRNA, whereas the red was the PAM motif. The Cas9/sgRNA-

mediated gene targeting generates frame-shift mutation resulting in Sdpr-deficient expression vector was established. B,

Chromatographs from Sdpr knockout sequences of truncated PCR products. C, Construct of pUBC-Sdpr expression vector.

Figure 1 Establishment of Sdpr knockout mice and transgenic mice
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DNA ¥4 5 Br 8 LUK S5 78 445 bp Kbl ILA%4HF, B AR
R C57TBL/6J /NEUTE 445 bp AETEE6HE (K1 2B)
2.2 Sdpr EARBAEER/NRZEHERHRIE

i 1F qRT-PCR F1 Western blot il Sdpr 7FFE K
R /N BRI G 3 R /N 4% ZH 40 mRNA 3635 /K
R FIFRIBKT, 255 o 7e T | e R g 2 27
Sdpr F[H B 5/ B mRNA 2638 7K O i 2% T8 4
RN 3A)  AEJIE Il e it g2 24 SDPR 28
2k BT B AN R (B 4A 4C) 5 Sdpr F5 3
PRL/IN B F  J J9E 2H 2 %) mRINA A S 363k 7K S
e TEPAE RN B 3B TERE HE D /N B O I
WfR MELH 20k SDPR & 1 1Y #2830 B & T B A=
RN (E 4B 4D)
2.3 ARREFTN

FE /N BV % B A ek R b & B Sdpr R /DN BRURN
S R/INEUAE A A2 B AR 0 A5 1T S5 B AR LN B
BAWEER,

I FE G B R 6 H s /N A TS
I ERAF L5, e 355 1 A /N BRURH LE, Sdpr 7R
/N BRI s BRR  A8 E  Z2 4 T U TR 2F O
rh bk BT D B G A e 5 A g i A R
PN ATV It 6 ) B G B ML 2T i B R A i
I3 8 A0 B 2 B0 AS AL, Ik 40 i B s 2>
LA LY 15138 05 B 05 A7 AE 22 b R P 20 IR 5 .0
=N ) S N

Sdpr % 5/ IN BRUFA 18008 W A8 5 /N B
Pt 0 1) I 2 A 5 AL 50 ok o 6 ] T C 4t 34
A LT REANMIIEG 22 5 BB b B A0 R B 3 £ s 4

JL LA 5 o0 I L B B B R R B AR £k
(K5),
2.4 Sdpr X7 7% 40 BE A £ Min

R T i Sdpr X 7INER G928 20 0L R 5 T, FR AT E HR
T Sdpr FEFRER /N B Sdpr 5 R/ B B AR I
SURFZHAS 9 H 43 i A Jd I 1 | M % i Jig v 1)
G AL AT 2 ST AR gL 8 bn 1 5 R D =X 4t i
AT A3 M, AG I G 8 A M 7 B ], 25 R R S5
A=A/ INEROG REAR L, ZE AR B Il Sdpr 7 5 PR /N B
B 4ififa (B220" ) Eb 1 B 4% , ki 40 AL ( CD11b*) Al
T 201 (CD3") LI REAR (] 6A ) s TEB BB Sdpr &
PRI R /N BT 200 L L £ B ARG (BT 6B) 5 7E I Sdpr
R /INBRL  Sdpr 7% 3 R /I BR G 5 440 35 A W) A A
b (K 6C) 5T 4l i 78 B i rh 28 3 LA B B & B R
B 4E BT & BLAE Sdpr 2 DR B /0N BRI R
CD4~CD8™ XA 4l i 34 22, CD4* CD8™ BUBH 14 4 ffd
WD, Sdpr SEHEP /N AR CD4A™T 4 i i 351 22
CD4"CD8" B A FH P2 M/ (&l 6D) , Fik%h
W Sdpr FEEIXT/INR s RGEA B B LA,

3 itig

SDPR 76 2 F 4 SUAH i rpr )32 5K 76 i B
FIG R & R AR T L R R 2 g 7 4N 3
R EAFES I, 2 5B RE 5165 iz
g BRI, caveolin 2 11 Cavin 5 [
TG i A5 TR 5 N 107 200 L A= )~ FL A i 2
B ZA T T A B TR A T RIS &R
HCHURE G . ZEAR AR A A 5% vh & B, FE R s A=

A PCR %5E Sdpr w5/ B PCR %58 Sdpr 3 H /N R F B ; M ; Marker DL2000( TaKaRa) ;H, 0 7K ; +/+ . BFAE X} A, +/—
Sdpr 22 G T/NEXT R —/— : Sdpr SR AEG /N + B/ N W BFAE AU

2 Sdpr R B B R /N R 2
Note. A, Identify the genotype of Sdpr knockout mice by PCR. B, Identify the genotype of Sdpr transgenic mice by PCR. M, DNA molecular weight

marker DL2000 (TaKaRa). H,0, Water. +/+, Wild-type mice. +/~, Sdpr heterozygous mice. =/ —, Sdpr knockout homozygous mice. +, Positive mice.

WT, Wild type.

Figure 2 Identification of Sdpr knockout mice and transgenic mice
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TE AL IERER /N U W A2

mRNA X 2535 KT 5 Sdpr/* - 3 D A B A6 /I8 B s Sdpr ™~ « B /N B B - 0 S RN BURE Tt 28

21 mRNA FIXF BRI W e SE D 2L R/ Sdpr-Te: B IE/NRL . 5525 R BR B A B NAR L, *P<0. 05, ™ P<0. 001 5 557 5 X 17 A=

HNRAHEE , *P<0. 05, *P<0. 01,

B 3 Real-time PCR K Sdpr @il M i 5L /N R AT mRNA RikKF

Note. A, Relative level of mRNA expression in liver, thymus and spleen of knockout mice. Sdpr

** | Knockout wild-type mice. Sdpr™~, Knockout mice.

B, Relative level of mRNA expression in liver, thymus and spleen of transgenic mice. WT, Transgenic wild-type mice. Sdpr-Tg, Transgenic mice.

Compared with Sdpr*’*, *P<0.05, ***P<0. 001. Compared with WT, *P<0.05, **P<0.01.

Figure 3 Sdpr mRNA expression level of knockout mice and transgenic mice in different tissues detected by Real-time PCR

T : A: Western blot KUl SDPR 2 1 76 FE B i /s BUFF it AR N8 ep (9 283K 5 Sdpr ™™ FE R i bR 7 26 /N B 5 Sdpr ™™« Sdpr B BB 245
/IR, B-actin PN ;B Western blot Rl SDPR 25 (4 7EHE 3 /NG JHF MR 9 HR (83638 5 Sdpr-Te : Sdpr 53 R/INR W 575 35 [ 87 A=
AN, B-actin NS ; C. iR/ B 412U (B IRBE 43 BT 5 D AEFETE DR /N B G 8V I 3RIB IR BE A3 BT, 5 2k DR s o3k 8 A A8/ LA

b, *P<0.01, **P<0. 001 ; 5556 FE R BF A= RN AR LE , “*P<0. 001,

4 SDPR H I 7E MR S e 5 /N B ik i b A 2 3R

Note. A, Expression level of SDPR protein in liver, lung, thymus and spleen of knockout mice detected by Western blot. Sdpr*’* , Knockout wild-

type mice. Sdpr™~, Sdpr knockout homozygous mice, B-actin as internal reference. B, Expression level of SDPR protein in the heart, liver,

thymus and spleen of transgenic mice detected by Western blot. WT, Transgenic wild-type mice. Sdpr-Tg, Sdpr transgenic mice, B-actin as

internal reference. C, Normalization of protein expression levels in tissues of knockout mice. D, Normalization of protein expression levels in

tissues of transgenic mice. Compared with Sdpr”’*, **P<0.01, **P<0.001. Compared with WT, **P<0.001.

Figure 4 The SDPR protein expression level of knockout mice and transgenic mice in different tissues

Wi A CEBPa ( CEBPA) Al PPARYy ( PPARG)
FEPA S S R 7 3 2 A B 3 ek I S )
T JG F0 A i ) B R PR 1020 i Sdpr T E i W 4
M3 Akt B 5 CEBPa #11 PPARy “FA7 Fi#, I H.
CEBPa Fll PPARy H3E w175 S JE A IE i 20 i S I
Hif& ) SDPR ik, Al 68 R W1 T A5 Wi 48 Jfd b
CEBPo/PPARy 4% 5 1Y Sdpr (7)1 B 5% 5 2 il HIL

Hi1, S  — TWURE 52 A Cavin-2 KO /v BRAN
Cavin-2 FfIRAY 3T3-L1 i % B, SDPR @it 45 &
B ZEZIR(IRB) Hsm A E AT RS R 5 515
S ZEE SRV T Sdpr ERG A AN AR g Y
CEEVE R, A BT IF & 1A 7 0 B AT B A0 105 2B
PIR BT IR
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B 5 Sdpr milbr M FE /NN FE AR AL HE e (0

Figure 5 Histology of the major organs of Sdpr knockout and transgenic mice( HE staining)
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T AANE LT B A0AE KL T A0AEAY L] B A 88D B A0AE CRLZ0AE T A0AE 00 L C b B 40AE WL T 40 B A LA D - i fi
CD4" .CD8" .CD4~CD8™ Jz CD4*CD8™ T ZHMu i) el 55 PR i bRk i A= /N BRAH B, “P<0. 05, **P<0.01, ™ P<0.001,

B 6 AN ML HRE IR MR b 5 20 A Y L)
Note. A, Proportion of B(a) , myeloid(b) and T cells(¢) in peripheral blood. B, Proportion of B(a) , myeloid(b) and T cells(¢) in bone marrow.
C, Proportion of B(a), myeloid (b) and T cells(c¢) in spleen. D, Proportion of CD4*, CD8*, CD4~ CD8 and CD4* CD8" T cells in thymus.

Compared with Sdpr*’*, *P<0.05, **P<0.01, ***P<0.001.

Figure 6 Percentages of immune cells in the peripheral blood, bone marrow, spleen and thymus
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Degeneration of chondrocytes in cartilage endplate due to estrogen
deficiency based on rat OVX model

SUN Shang', ZOU Da®>, ZHAO Zhenda®, JIANG Ai', YANG Zihuan', CHEN Longting' , LI Weishi’,
SONG Chunli®, LENG Huijie'*
(1. Peking University Third Hospital, Department of Orthopaedics, Beijing 100191, China. 2. Engineering Research Center of
Bone and Joint Precision Medicine, Beijing 100191. 3. Beijing Key Laboratory of Spinal Disease Research, Beijing 100191)

[ Abstract]  Objective To investigate the effect of estrogen deficiency on the degeneration of spinal endplate
chondrocytes. Methods Forty 6-month-old rats were divided into ovariectomy ( OVX) and sham operation groups. All of
the rats were sacrificed at week 9 after operation. The cartilage endplate tissue was extracted, and endplate chondrocytes

were cultured. The expression of COL-1I in the cartilage endplate tissue was evaluated by immunohistochemistry. The cells
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were stained by toluidine blue to identify endplate chondrocytes. The viability of endplate chondrocytes was detected by

CCK-8. Fluorescence staining of rhodamine-labeled phalloidin was used to observe the changes of F-actin after OVX.

Cellular immunofluorescence was performed to detect the changes of COL-II of endplate chondrocytes. The expression levels
of SOX9, ACAN, ADAMTS-5, MMP13 and COL-X were compared between the two groups by RT-qPCR. Results  After

OVX, the expression of COL-II protein in the cartilage endplates was decreased. Most of the chondrocytes in the endplates

were polygonal and fusiform, arranged like paving stones. Endplate chondrocytes of OVX demonstrated more disordered

cytoskeleton, decreased viability, increased stress fibers, decreased migration ability, and lower COL-II expression. For the

OVX group, the expression of SOX9 and ACAN in the endplate chondrocytes was decreased, while that of ADAMTS-5,

MMP13 and COL-X was increased. Conclusions Estrogen deficiency can cause degeneration of endplate chondrocytes.

[ Keywords]
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Table 1 Primer design

SRR LG5 =3") RI5I(5-3")
Primers Forward primer (5’ -3") Reverse primer (5’ -3")
SOX9 GAAGAATGGGCAAGCAGAGG CTTGCACGTCTGTTTTGGGAG
ACAN CGAGTGAACAGCATCTACC GAGTCATTGGAGCGAAGG
MMP-13 GATGATGCTAACCAGACTATG ATGCGATTACTCCAGATACT
ADAMTS-5 GCAAATCTTTCCGCCACGAG GCCCTTAGCTCTGCACGTAA
COL-X GATGCCTCTTGTCAGTGCTAA GTGCTGCTGCCTGTTGTA
GAPDH TCTCTGCTCCTCCCTGTTC GGCTCTCTGCTCCTCCC
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KA 5

Lo Rk ; C 2 UK BUFCR B I BB e B AR, 5

Bl 1 SHAM 411 OVX HACHZAR COL-IT ByKiA
Note. A, Expression of COL-II in cartilage endplates in SHAM group. B, Expression of COL-II in cartilage endplates in OVX group. C,

Quantitative comparison of COL-II of cartilage endplates in rats in each group. Compared with SHAM group,

*P<0. 05.

Figure 1 Expression of COL-II in cartilage endplates between SHAM and OVX groups

TE A SR 2 AREHURE A, o 2 L FIRIE | 2 41l B A0 e FE
515 B R e (8 R B R R €, BRSO i €
B2 LM AL ST E
Note. A, Second generation endplate chondrocytes are polygonal
and fusiform, arranged like paving stones. B, Toluidine blue
staining shows the dark blue nucleus and the light blue cytoplasm.
Figure 2 Morphology and identification of

endplate chondrocytes

5 SHAM #AHLL, ™" P<0. 0001,
B3 SHAM 41A1 OVX 41K AR HCR AT 1 AT
Note. Compared with SHAM group, ****P<0. 0001.
Figure 3 Comparison of the cell viability of endplate
chondrocytes between SHAM and OVX group
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1 A~ C: SHAM ZH K B MR 50 B 4 M F-actin 323K ( F-actin ,DAPI Merge ) ; D~ F: OVX 4 & AW 5B 41 F-actin 1223k ( F-actin |
DAPI Merge) .,

4 UM G TOLRN SHAM ZH A1 OVX 21K BRAARBCH MY F-actin 195150
Note. A~C, Expression of F-actin ( F-actin, DAPI, Merge) of rats in the SHAM group. D~ F, Expression of F-actin ( F-actin, DAPI, Merge)

of rat endplate chondrocytes in the SHAM group ( F-actin, DAPI, Merge).
Figure 4 Cellular immunofluorescence detection of expression of F-actin in rat endplate chondrocytes in SHAM and OVX groups

1 A~ G SHAM £ K B MR ACE 400 COL-TI A4 5% 3% ( COL-II . DAPI Merge) ; D ~ F; OVX 4 K Bl 2 Mg % 41 Jfil COL-TT Y 335 ( COL-IT

DAPI Merge) ,,
BS54 R SHAM AT OVX 4K BRZAR A ALY COL-TL 3Rk 1% 0
Note. A~C, Expression of COL-II in endplate chondrocytes in the SHAM group ( COL-II, DAPI, Merge). D~F, expression of COL-II in rat

endplate chondrocytes in the SHAM group ( COL-II, DAPI, Merge).
Figure 5 Cellular immunofluorescence detection of expression of COL-II in rat endplate chondrocytes in SHAM and OVX groups

7. SHAM ZHAH EE , *P<0. 05, **P<0. 01, ***P<0. 001,
B 6 XTH W42 B g3t SOX9 ACAN ADAMTS-5 MMP13 Fl COL-X ik

Note. Compared with SHAM group, *P<0.05, *P<0.01, “*P<0.001.
Figure 6 Comparison of the gene expressions of SOX9, ACAN, MMP13, ADAMTS-5 and COL-X in the endplate

chondrocytes of the two groups
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Reactivation effect of NAM on latent reservoir in CD4'T cells
from SIV/SHIV-infected monkeys

DANG Cui, LU Jiahan, WEI Qiang, XUE Jing” , CONG Zhe "
(Peking Union Medical College (PUMC) & Institute of Laboratory Animal Science, Comparative Medicine Center, Chinese
Academy of Medical Sciences (CAMS) ; NHC Key Laboratory of Human Disease Comparative Medicine ;
Key Laboratory of Human Diseases Animal Models, State administration of Traditional Chinese medicine;

Beijing Key Laboratory for Animal Models of Emerging and Remerging Infectious Diseases, Beijing 100021, China)

[ Abstract] Objective To investigate the reactivation effect of nicotinamide (NAM) on latent virus in SIV/SHIV-
infected monkey CD4T cells. Methods Peripheral blood from five SIV/SHIV-infected rhesus monkeys was collected with
undetectable virus loads for at least half a year. CD4" T cells were sorted and treated with latency-reversing agents
accompanied by monitoring of viral loads in supernatants and changes in activated T cell surface markers and coreceptors
CXCR4 and CCRS5 on CD4"T cells. Changes in nuclear antigen SIRT1 were detected by Western blot. Results NAM had a
good activation effect on latent virus in SIV/SHIV-infected monkey CD4"T cells and reached a higher level combined with
GS-9620. This did not cause extensive activation of T cells and had no influence on CCRS expression, while CXCR4
expression was slightly upregulated. NAM significantly reduced expression of nuclear antigen SIRT1. Conclusions NAM is
a good choice for a latency-reversing agent.

[ Keywords] NAM; GS-9620; latency-reversing agent; SIV; SHIV; latent reservoir
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X 4 MR S JC I AR, B NAM 28 5 % B4 L
BOPE2.04.6 d KRB 0l 42 T (4.00 =
0.11)% .(22.15+0.10) % . (13.30+0. 15) %, TE5S
6 KJa , Ml E KRB BT S22 (K 1B)
2.2 AEBKBEHFEFIT SIV/SHIV B LA 5
JAIn CD4'T BB RRZHEERRILE

A EAS R ] 22 R A2 AN AL N, 43 5 CD4”
T 4, 2 AR 20 & BT AR L s RIVE LS 36 53
FEASE SR L3 b 2 B A ) 2 BH . 5 R
JIT A RS T AN I AR e BB ) 1 %o RS T 32 Sy
B, BI L35 b i w2 5, o, PHA +1L-2
HIHME R EAL, B 2 A5 80m R BH %,
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14.29% ,NAM L2540 Ky 28. 57% , Prostratin H. 25 2
A 35.71%, GS-9620 24 4H 5% 751, ik F 71.43%,
NAM FIHAt 3 Fofr s AR B G P 0% R 1A 2, NAM +
Prostratin ZH A1 NAM + GS-9620 #H 5 Prostratin ZH £l
GS-9620 Ff. 24 21 11 BH M K — 2, 1l NAM+PHA +1L-2
ZH PR N 42 2 3 35, 71% , W] B 5 T WS B2 4l
28.57%F1 14. 29% W FHTE AR 25 20 2Z 8] BH PR SR kA 7
ROATR, A B E R (P<0.001) (£ 2),

FIT A REAR G TR AR R s R VE S, s
W 2 B R FE 107 ~ 10* copies/mlL 22 [H], Hi,
PHA +1L-2 21 %% 8 25 P ¥ E &AL, 7 1. 64E +02
copies/mL, NAM PAZE4H N 2.38E + 02 copies/mL,
Prostratin HL25 20 5 4. 02E + 02 copies/mL, GS-9620
FZi fers 15 F) 9. 85E+02 copies/mL, NAM FIH:
il 3 b ys AR S % BT A IR A 41, NAM + Prostratin
2H 511 Prostratin Z1 A HLAZAL AN T, HIAR T4 15 H 2l
HILHA AEFRR B T+ . PHA+IL-2 4 8w Y {H
H 1. 64E+02 copies/mL, i NAM+PHA+IL-2 21 £ 5
F| 4. 12E + 02 copies/mL; GS-9620 4 % £ ¥ {5 N

9.85E + 02 copies/mL, NAM + GS-9620 4H #2 & %
2. 12E+03 copies/mL( & 2) ,
2.3 NAM X} CD4*T 40 A& 14 B 50

IEH PBMC 28 il 35, it =X 45 R s . X iR
ZHFI NAM 4 CD4'T 4 fERs 9% 6 d N, i b7+
CD69 .CD38 il HLA-DR A9 3k & M ARt #a 4L AR
—F,{U NAM 41 CD38 7E4% 2 KRR X EM & T
XA TR 2H (53.53+2.96) % , NAM 41 (59. 6=+
0.37)%, PHA+IL-2 O] fill 0 T 4 a3 4k, fEA T
YIS F b 0 B PH X R BEAS 22 PHA+IL-
2 Jili# )5 CD69 .CD38 \HLA-DR ik ¥4 1 & |-
(K 3A)

VEAEH 2 d 19 CD4™T 4l fif 2 T 6 £ 431 1R 6k
TEPEATA A A R I NAM 241 5 %F B2 3 AN iE 1k 4
¥ CD69 .CD38 il HLA-DR HyZ&iA 8% L, ¥ 481t
a5 PHA+IL-2 41 5% FRAIXF i A B & k2
5, Hrp, CD69 3Rk 522 7% P<0. 01,CD38 [H3k
A2 P<0.01, HLA-DR B3k 2 5% P<
0.001(® 3B) .

T A PBMC ORIV 9 NAM /M 3 d JE ATHLATHG R A9A2 065 B L mmol/L NAM Hli#k PBMC J5 , A [l 1] A0 MLAT 15 A2 4L o
Bl 1 NAM X PBMC fA% S50 (n=4)
Note. A, Changes in viability after treated with different concentrations of NAM for 3 d. B, Changes in viability at different times after treated with 1 mmol/L NAM.

Figure 1 Changes of survival rate of PBMC treated with NAM

R 2 W RIEGBOE R A B R LA

Table 2 Comparison of positive rate of latency-reversing agent group

41 I~ W mEE P S e P
Groups Total Positive  Ratio Puvalie  Differences among groups P value
Control 14 0 0 / /

NAM 14 4 28.57% Control vs NAM 0.098

PHA+IL-2 14 2 14.29% Control vs PHA+TL-2 0.481
NAM+PHA+IL-2 14 5 35.71% Control vs NAM+PHA+IL-2 <0.05"
Prostratin 14 5 35,719, 201247 <0.001 Control vs Prostratin <0.05"
NAM+Prostratin 14 5 35.71% Control vs NAM+Prostratin <0.05"
S-9620 14 10 71. 43% Control vs GS-9620 <0.001
NAM+GS-9620 14 10 71. 43% Control vs NAM+GS-9620 <0.001

72" Pearson KK ;b - fisher” s BIYIHER P,

Note. *, Pearson chi-square test. ”, Fisher’s exact probability method.
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W SXTRAMLEL, *P<0.05,

B2 ARSI X SIV/SHIV B ANE Ifl CDA™T 40 i A VR 25 1 0T RO LU (n=14)

Note. Compared with Control group, *P<0. 05.

Figure 2 Comparison of reactivation effect on latent reservoir in CD4"T cells from SIV/SHIV-infected maceques by different LRAs

T A ARFIARIFINE], CD4™ T 4H 3R 1 {5 16 23T CD69 ,CD38 Fl HLA-DR ikt 981k B AFJ 2 d J& , CD4" T 4 R 1T i85 1k
41 CD69,CD38 HLA-DR kI HY22 50401, SXF R, " P<0.01, ™ P<0.001,
3 NAM XJ CD4'T 4K i /L35 CD69,CD38 Al HLA-DR 0 (n=3)
Note. A, Expression levels of CD69, CD38 and HLA-DR on the surface of CD4* T cells after treated with NAM. B, Comparison of
expression levels treated with NAM and PHA+IL-2. Compared with Control group, **P<0.01, “** P<0.001.
Figure 3 Changes of activated T cell surface marker CD69, CD38 and HLA-DR on CD4'T cell after treated with NAM

2.4 NAM X CD4'T Rk E 5 B =& CXCR4,
CCRS5 RiEHIF T

X IEH B PBMC AR 2 d J& , BAPE T FEZH NAM
21 F1 Prostratin 241 CXCR4 £ ik & 435Il (25.03 +
0.19)% .(27.33+0.78) %, (7.58+0.56) % ; CCR5
RN (5.00£0.37)% . (5.66+0.79)% .
(0.31+0.05) %, ‘S5XFREZH A L, Prostratin 2.3
PWAE ) 32 A& CXCR4 . CCR5 35 (P<0.001) , 1

NAM ZHE5 7 = T XS BR4H, Horh, CXCR4 1 K3k &
RN BA G422 5+ (P<0.05) (1 4)
2.5 NAM %t CD4'T i M#LE SIRT1 Rik @
HI R

IEF M CDA'T 4 i NAM YEH] 2 d J&, SIRTI1
A BT W (I8 SA) okt IR AL 35
(46.85+22.50) %, SATELAAMIL, BA G2
5 (P<0.05) (K 5B),
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B4 NAM X CD4"T 4RI SZ AR T BT (n=3)
Figure 4 Effects of co-receptor on CD4"T cells treated with NAM

B 5 NAM X CD4"T 4iffgrh SIRT1 (kB2 (n=3)
Figure 5 Effects of NAM on SIRT1 expression in CD4"T cells

3 iTFig

JHPERE (NAM) , 24842 2 B3 Bk fL &,
A Z R, AR NAM #4006 HIV Bk
JE | SR B A R T AR IR R SR
Diaz A A& BEAE ART 697 [A I, ik NAM 19 5 44
LR B EZ— B R B RNT  TEE 2 )5  TE
JHFEIR T 66 J&] , 1 U B AR Ik e ] BE S v IR P22 4
JHL R 3 28 3, T 4 3K 6 40 iR 7™ 24 1 9 B ), 3
SRR ECE B B R G A, TN T
TRARPE IR T g S 1

AW 2 3R] FH o 75 28 o R 52 I g SR e
[ CDA™ T 4HMIRBFSE NAM 955 75 V8 AR 40 80 1B
FAISTOT BRSE AR, 22 NAM B 5 5 TR AR i —
SERREE RS . BRI TR TLRT S8
GS-9620"""  TH AL LA A 221, {H NAM Fl GS-9620
XHH , BERS T R 8 b 085006 o 1 VAR, 4R R B R
LWEH R KT, NAM+PHA+1L-2 44 b
NAM 40 fil PHA +1L-2 41, thAE & 2 25 L 59 P A
BN

FE BT B TR 2 (G TR s NAM I3 51 T
Rz A, PR B A B2tk HEr
VAR SR B 39 v, — BB S 35, 2 PKC 4 sh#1,
M T EA T Z AR T 0 Ts 4k, aT 5 R LA
BOAS KR ISE, DT 5 75 e L e Il R R ' L 1

Ab, FE L vE ) U0 Prostratin 1 3@ i T U8 CD4 .
CXCR4 LK CCRS 1) 3¢ 35 38 389 s B 5 05 1E 17
NAM Xf CCRS Rk A M, HBE L 15 CXCR4
(TR 3 T B AE N A AR i A R

ST NAM P35 v AR 22 40 A 9 B 3% 1k 1Y ML
i, R WARGE . B AT, R S R B 2
FEA LR IJUMZER . TLRT Mshw AEHEC
Mk Ak W 4 4 5 ( HDACE) | B 5E 4k i 4 ) %)
(MTi) 2 B C 3006 A (PKC) T 40 B 3035 711
&, Hoh HDACi WF5E 8 )1z, SIRT1 J& F
HDAC KK %, A HEAMAEAE A L LB
PR 3% 10 A7 SCHRAIE 52, 24 SIRT1 % 41 4l
J& , K O AR AE HVRE 2 52 214061, TS 80 NF-
kB FFEEI AL BRI G AL T 40 TS HIV 5L N
LK1 NAM J& SIRT1 301 570 2420 i ix
] BB S NAM 38005 W8 AR B 0 5 R B I ML, (2
NAM 3875 95 75 W IR PR B4 2 3k 2 75 34 A e b A 1
FABL, 75 2 — 2 05T

Sk
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Apbb1 F& PRI U JIL AH U 14 5 52 el 1 4R 55
WA e Bk i R

(LNPEERLR IR E2E B b 55 FAY A #EE , RIFE 030000 ;2. 76 3HE Ik fili 18 55 = BEAG 18R
AL JEEEE 065201 ;3. [ B FR 2 B, AL BT HMANE 22 e, B 530 MU S oty , s sc g by, O I HE A
BRI R AT ST PP L BT 8 5080 %, b AT 102300)

[fEE] H® %55 g WHRHEAMAEALSGEA B-1(Apbbl) FEF X HIc2 LTI M, 77
& FIH/NTHERNA 5 peDNA3. 1 Bokixt H9e2 O LTI R AT S A5 3 3235 Apbb1 JEH AbFH 3 i CCK8 40 |
qPCR 5256 A R 20 Jf G388 5 D' 512 56 K 00 440 e 16 I 00, , S Apbb 1 i BRIX o JUL 41 i 386 4 1) A D 5 R0 P 76 e 804 1
String 4387 APBB1 2 M HAES A, #RFT AT e R FEAE M =, SE8 530 4 41 AR X BB AL | AR Apbb1 41 3T
FEIRNF R G 3k Apbbl 2H, R AR TR0 B4, R Apbbl £ Apbb1 LR 21k T % 529% (P<0.01,n
=3) , A IIEFEAE 48 h BF T 44% (P<0.01,n=3) ,{HJE7E 72 h B 40 38 54 3% N 86% ( P<0. 0001 ,n=3) ; 4l il J&]
WA EIER Cenbl Fl Cena2 mRNA Fik K F435 T+ 5 80% (P<0. 0001, n=3) Fl 76% ( P<0. 0001 ,n=3) ; 1)l f
PEDEIEELIG K B PH3 5 Aurora B FHMEZH 23 HI3E /N 4. 33% ( P<0.01,n=3) F1 4. 67% ( P<0.05,n=3) , #%& T
1t FIE X IRAH | 1 35 Apbbl ZH Apbb1 JEFI 5k Fil 119 4% (P<0.001,n=3) , 41 MIIGFETE 48 h 5 72 h 4> HIFEAK
1. 23 f%(P<0.0001,n=3) Fl 1. 04 1% ( P<0. 0001 ,n=3) ; 4 Mi 38 5t b5 7543 7 Ki67 FI40 A S5 09 40 S& ZE ] Cenb1 F
Ccna2 mRNA ik KA AR 25% (P<0.01,n=3) . 72% (P<0.001,n=3) F1 38% ( P<0.001 ,n=3) ; PH3 5
Aurora B P20 L 43 S 3. 7% ( P<0.01,n=3) Fl 4.36% ( P<0.05,n=3) . & M HVE M 45> 45 5 = W
KATS5 APP 5 APLP2 /& APBBl BAER A W EME N, 418 HUK Apbbl FEREHE Hc2 O JULAH MBS 45 | i 3= ik
Apbb1 FE I H9c2 (0> LAH AL IETH , Apbb1 W] fE 38 3xf 52 Ml 241 it J& 451 G2/ M 9152 O L2 B 34 7, KATS 22 AT g
5 APBBI % [ B AR JULEH A 2 5

[X#8i7] H9c2 LWLAINE ; Apbb1 ; 451 s B (1 HAE W48 4347

[FESZES] R-33 [ XEFRIEB] A [XEHS] 1671-7856 (2022) 05-0029-10
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[ Abstract]

gene on H9¢2 cardiomyocyte proliferation and its potential mechanism. Methods

Objective To investigate the effect of the amyloid beta precursor protein binding protein B1 (Apbbl)
H9¢2 cardiomyocytes were treated with
small interfering RNA and pcDNA3. 17 plasmid for knockdown and overexpression of the Apbb1 gene, and cell proliferation
was detected by CCK8, qPCR and immunofluorescence assay, to evaluate the effect of this gene on cardiomyocyte
proliferation. Next, the proteins interacting with the APBBI protein were analyzed using the online database String to
explore how APBB1 might function. In the experiment, four groups were established: knockdown control group, Apbbl-
knockdown group, overexpression control group and Apbbl-overexpression group. Results Compared with that in the
knockdown control group, expression of the Apbb1 gene in the Apbb1-knockdown group decreased by 52% (P<0.05, n=3)
and cell proliferation decreased by 44% at 48 h (P<0.01, n=3), but cell proliferation increased by 86% at 72 h ( P<
0.0001, n=3). The expression levels of Ccnbl and Ccna2 mRNA were increased by 80% (P<0.001, n=3) and 76% (P
<0.001, n=13), respectively. Immunofluorescence assay showed that PH3- and Aurora B-positive cells increased by
4.33% (P<0.01, n=3) and 4.67% (P<0.05, n=3). Compared with that in the overexpression control group, the
expression of the Apbbl gene was upregulated 119-fold in the Apbbl-overexpression group (P<0.0001, n=3), and cell
proliferation decreased by 1.23 times at 48 h (P<0.0001, n=3) and 1.04 times at 72 h (P<0.0001, n=3). The
expression levels of Ki67, a marker of cell proliferation, and Cenbl and Ccna2 mRNA encoded by cell cycle-related genes
were decreased by 25% (P<0.01, n=3), 72% (P<0.001, n=3), and 38% (P<0.001, n=3), respectively.
Meanwhile, PH3- and Aurora B-positive cells decreased by 3.7% (P<0.01, n=3) and 4.36% (P<0.05, n=3),
respectively. The result of protein interaction network analysis showed that KATS, APP and APLP2 were the proteins that
most significantly interacted with APBBI. Conclusions Knockdown of the Apbbl gene promotes the proliferation of H9¢2
cardiomyocytes, while its overexpression inhibits their proliferation. Apbbl may affect the proliferation of cardiomyocytes by

influencing the G2/M phase of the cell cycle and KATS5 may interact with APBB1 protein to affect cardiomyocyte

proliferation.

[ Keywords]

H A, Sl PO e 2 5 3N RAE T I B
, T FURE B2 B0 o o O 9 7 A ) 2 B IR 22
— DR S B E O LA R, R
FAC LR 6L ER 0 L0 P A B 4 SR A AT Ak 1 ¢
A AL B 1, AN BE A ) 4 090 AL A e 3 BE #h
e, R, Anfaris S B AL T AR A3 Ak B0 LGN
BB T O RIS (YR T SR T

HO9c2 2O LA b 2 —Ffr R RV JiE O B R U5 A 0
LA 2, F T 5L 50 UL A0 B AR 0L 9 4 | 5
H 25545, FrUMF o8 N R 208 FHHAE i o 0 JiE
5500 LR fUAH S i P F X4 AR H9C2 4
JL, DA/ B R B AR P 43 8 1) D A0 B A4 e £ AR
REACZAAR PO LA A A PR AR AR O UL 200 i 53 5
IR 2%, 0 5 25 ) B RS AR MELRIE . 1
ARSAE R B AR LA B 247 A AR A 1T e 23 15
WORIE# 25 R 52518, KL, 7T LUK H9e2 O L
YA A0 LA 384 BB F 5% 19 2 30 X 52, T AT
O LA 345 P K ) HARHL]

B VEMFEE TR 455 811 B-1( APBB1)
SRR 1, 32 A o A g T BT R 2% T
BRAE AT ST . SR, Mahmoud 25" % ), 7F .
FAARHE O JULZH B 3 T B MeisT % /N RO JOE

H9¢2 cardiomyocyte; Apbbl; proliferation; protein interaction network analysis

Apbb1 mRNA FRik /K- E AL, LAk, Apbb1 B AR
U WEB R A S AR i Y O E AR R 0 LA
JEAE ARG , O LA B AE A 5 B 7] BE S 5 i #
DA LS H S, Apbb1 & 75 78 L LA g 334
B it R R AR — 2 B AR W T RE , DTS2 e O L2
LR B4R, H AT TG G SCRRRAE

H M, ABFFE T siRNA R AR F AR 5 5k i 4
T A T H9e2 O WLAT AL P Apbb1 LA 1Y 36
IR IRGE T Apbb1 JEPRIXT HOC2 (U LA 384 5 ) 52
iy , 1 FHAE L B String 4347 T APBB1 25 1114
HARE A, KBH EAEE I KATS IRk
Apbb1 BYTETEaAARL— L, X AT RE R @O LA
JOSETE A ML , P2 2 X0 I A B B, DL IR YT
R o AR A ) S

1 #efnrE

)il
K EUIRIG CoE S T8 1) HOe2 U JULZH i 22 0 [ v
PHBE b A0 L AE - 0t 5 e 240 B
1.2 FEKFSME
Gibico YNG4 IL7% 5 DMEM &5 4 3 iy 1% %
FESE F 26 B Gibico 2w, UG 4 1% 5854

1.1
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10099-141C ; lipo3000 %% 4457 . Opotimem-Medium
5 TRIzol #1114 H 32 [F Invitrogen 2\ A ; i % 5% i 5
& H TaKaRa 72 @] ; CCK8 4 5 4 3 77 &2 0 A
A N A qPCR XTI & H AL T R & 4
YA 7l Aurora B —$H1I4 H Abcam A A, 185
Ab239837;PH3 —#Hi H 3% [ Millipore A |, 575
J 3377 9¢ 3 Z Pt Alexa Fluor 488 W B 3% [
Invitrogen 23 A, 58524 A1108 ; m AR 20 1 I A9 IR 4¢
S /N T RNA (NC) 548 5P 1Y si-Apbb1 41
HPUEAE R (B ) A RRA A o R s A
B peDNA3. 1% %5 Jit R0 5 #5 77 Apbbl 3 H (1)
peDNA3. 1" R4 FHE A R G (LR AR
YNEIS
1.3 LWAHE
1.3.1 #iparsss

& 10%175 55 1% 555 R ) DMEM S
BRFRELERFR HOc2 (L WILZH L, H 240 8 T 85 5 4
9 37°C ,5% CO, ARG FRA P AT R 3%
1.3.2 siRNA #4e Ko

B T X680 K010 HOe2 40 M 10° A4S, 3efh 2
AN, B HAE K T0% e b, WA e kE Y
D7 ZE W0 AT, AL A 28 619 FAM siRNA #E47 5 i
siRNA FE QU FE IR . AR I 4% I siRNA
e e i B R T A OR 0 2E AT, B2 1ipe3000 5
opotimen-Medium m XTI BHEFERY 20 .50 5
100 nmol/L 3 PREEH) siRNA BEITHEYY | FR M
EEY S AR SR 55 LA S 4IRS, B E SO nmol/L
Mt EE sIRNA 55 Y2 i 50 nmol/L 78 7 L AR H %t
NEFRFCR 6.5 wl, 1E2UFE YLt 2643 ) e A Y
BEEWERREAY ., #id 6.5 pL lipo3000 5 125
wL Opotimem-Medium 5 57 FL it & #5 Y 52 5 9);6. 5
pL siRNA 5 125 pL Opotimem-Medium 1% 37 B fie &
HAKE AW, WAEAYECE ERZ )G, = e
5 min, #ETERZIE,HEPFRA YIRS, iR
UKHERE 10 min, AR5 EINASSFRILIN, PR,
T lipo3000 X 20 g A= My 25 PR/ 1N, AT DLKE e G b B
AHCIER 2 12 h, AR AL A 6 em MLHEFE 36 h, 5
JEFIH qPCR SCEAG AL I R0R . 2 b K5
Y (4 )42 BT BE L () siRNA SR 43 3115 K Si-NC
44 . 1Si-Apbbl ZH .2Si-Apbb1 #H Fl 3Si-Apbb1 #H, Si-
NC 2HRR e Je AR 4 5 /D T4 RNA X R 2
1Si-Apbb1 5 2Si-Apbb1 LA & 3Si-Apbbl1 414t 44 YL
A TG SERY 3 2HRE S PEEEXT Apbb1 &K Y siRNA

FEHII 4, R P2 A siRNA ER R4 (5 -
3’), si-NC 1E [f]; UUCUCCGAACGAACGUGUC
ACGUTT, JZ ] : ACGUGACACGUUCGGAGAATT; 1si-
Apbb1 1F [i] : CCUACGUAGCUCGAGAUAATT, J2 [f] ;
UUAUCUCGAGCUACGUAGGTT; 2si-Apbbl 1E [f]:
GCUCAAGUGCCACGUGUUUTT, JZ [f] ; AAACACGUG
GCACUUGAGCTT; 3si-Apbbl iF [i]: CCCAGCACC
AAAGAAUGAATTT, 2 [n]; UUCAUUCUUUGGUGCU
GGGTT; FAM siRNA IE [1: UUCUCCGAACGUGU
CACGUTT, 2 I : ACGUGACACGUUCGGAGAATT .,
1.3.3  pcDNA3. 1" JFokifk e K o dl

HUh T3t 8k KA HO2 40 10° 4>, 3f &
NP, R HAE K & 70% e A, HER Y, B
I, B E R E Y SiERIEEEY., I
PHAEYFHFEMA 2 pL lipo3000 5 125 plL
Opotimem-Medium }57# 58, At 8 i R8-S %
JIA 1 pg peDNA3. 17 B ki 55 2wl P3000 LA K
125 pL Opotimem-Medium , P 5¢ i 2 J& , 5653l
IRATERFE S min, 85 PR AR S YIR G —
A, EEFE 10 min, e FIR SR A9 535
INAARL G TR AL IR e . T 2t g ad 72 )
siRNA G QL il 78 | e 4 HT qPCR S 56 6 0 24 ffa 5
YeROR | FR AL Y 1 SR AN ] B 5% e 1 20 91 0 531
P OE-NC 205 OE-Apbbl 4, OE-NC £H 18 %55 4y
peDNA3. 1723 JFki i 4H , OE-Apbb1 2H A0 355 Y3ty
Apbb1 JEH Y peDNA3. 1" TR A4 .
1.3.4  FIH qPCR A5 Apbb1 % YL 2R 5 41 i
Sy

L SEZ R, B SRR TRIzol $2HCH RNA,
R4 RNA W55 50 cDNA, 10 J5 58 i qPCR L,
TRIzol 2 RNA & 4% FAER HUZH AL RNA 19 )7 ik
FFHEE, Wi HE SR L K qPCR SV A ELAR SR AR S
1A DA B AR 2 003 4 R FH 300 ) 17 A 156 BH 45 4
RIEAT . BIEG IR, L Gapdh NS, B CT
BE AT Apbb1 e YU 5 A0 MUY i AH SC HE R Y
Tk, BIRSEE FT A F 90 (57 -
3’ ) : Gapdh iF [i] ; CGCCTGGAGAAACCTGCC , JZ [f] ;
GTAGGCCATGAGGTCCACCAC ; Apbb1 iF [i] : ACCTA
CTACTGGCACATCCC, & [i]; TCCTTCCTCAAAGC
CTTCT; Cenbl 1F [ ; TCCCACACGGAGGAATCTCT,
K [ : TCTGCAGACGAGGTAGTCCA; Ki67 1F [f];
GCAAGAGGCAAATCATCCGAACCC, JZ ] : GAGAAC
CTTGCCACTCTTCTGCCC ; PCNA iF [ : GCTGACAT
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GGGACACTTA, I [n]: CTCAGGTACAAACTTGGTG
Cendl 1F 18] ; GAGGAGCAGAAGTGCGAAGA , JZ [f] ;
GGCGGATAGAGTTGTCAGTGTAG ; Cena2 iF [f]: AG
CAGGAAGACCAGGAGAAT, JZ [i] ;: GGTGAAGGCAG
GCTGTTTA ; Kat5 1E [ : CCTATAGCGCACTCAGCT
CC, JZ 11 ; CGATTATCTCCCCCACCTCC ; App iF i) ;
CCAACCGTGGCATCCTTTTG, X [i]: GCGTCGACA
GGCTCAACTTC; Lrpl 1E [f]; GCGGTGTGACAACGA
CAA, [ ; AACTGGGTACTGGAGCAGGA ,
1.3.5 I T2 A By 2 ' Ao DU 240 A 3 4

UG Y 52 1 1 200 i e BERE 7 2 591 DA g £L 5 x
10* ST A S E 19 12 FLARFL Y, 75 20
K= 60% ~70% Zc 47, FI A0 US4 FEFR 25 ) Aurora
B 5 PH3 1Y 5038 9 GHU AR KT 40 it 378 17 48 A 6 92 9%
DG, DAk A s g, St AR R . E
JeAI A PBS VR4 3 W, IS VEIE I R IE W, T
49 22 T T AL A T 1515 20 min, [E S5, FIH
T 1911 Triton XTAAMIHET T8 1% 5 min, #8355 75
F 5% BSA EP1 1 b, B 5 R H—PLi T E ,4°C
R, WEIEFIA PBS IHUE 3 kL 2R —91, 8
HHHPERTE | b, EEIOC IR e 2
WG, WESE R, FIH PBS YB3 IREREZ R
P, ARG DAPT Y3 %h 40 B A% kAT e (5, G4 5 ~
10 min, Y% )5, H PBS ¥k 3 IR ¥t £ 4% DAPI %t
W, I Je R B 2K 5 3598 b A T3 R
1.3.6  FIJH CCKS 246 I 40 ffg ¥ 5

IPUG G 52 1 1 240 i e BEREL 7 2 1) DA £ 3 x
10° 4N AR FLI 2148 A 96 FLAR 7, i A% FL UL
TR 20 50 55 A I i e DA B ALK, A
fI4% Si-NC . Si-Apbbl ,OE-NC 5 OE-Apbbl 4 41

I3, G BB ) i T2 B AL A 24 .48 5 72 h 3 AN ]
KRN R R B ) R E 6 MR AL, BARSE
Bl RS e AR, BERR 24 h AESLRIIMACE
I35 DMEM = B 55 5% e B CCK8 1251, i B L
B4 10 = 1,44LMA 100 wL, 58 CCK8 H)5
FEREFRAR Th BE 3% 2 h, SR 76 B bR A3 rb R ) H: A
OD 5 P REAE . BB S it b okt fa i 22, X T 6
M ALWOCEEAE R A By R o — D S
— N EARE AR5 R IE — Ak 5 ik 42 R 2H 5] 5 1t ]
Mg
1.3.7 HEHBEA M

HEATE LR B4 2 String ( https ://cen. string-db.
org/) i A HBYE H S5, 153 H W& A r 5AE
BEHMNY, AP E RSN EAEE R R
VERS 23 B A d i Al 5 EE 0. 9,
1.4 ZitEFHE

K H Graphpad prism 8. 02 X} 4% R #4748 1143
Bro SR R 8 e Am 22 (x2s ) RoR , A1)
HeE R R BCXT ) student’ s ¢ K36 S8R & T 25
Br, P<0. 05 Bk h 2= F BHA G #E XL,

2 #R

2.1 siRNA REHELREHE

JTHRFY siRNA fe AE 56 e vk B2, FR A1 200
20,50 F1 100 nmol/L 3 ANk 4T H9c2 41l i) &%
e B R MELE R R siRNA B HEHE YLk FE ol 50
nmol/L, B ULIE 1,
2.2 EURBEREN si-Apbbl ik

XF S T ARAF 1 3 AR S si-Apbbl HE47H;
Yy 1 w AR ROR e AE 1Y si-Apbbl, qPCR 45 53

7 . A .20 nmol/L siRNA fr"?i{%%j“ﬁ&—l;B .50 nmol/L siRNA %% YL/t Ju 5 YK ;C: 100 nmol/L siRNA LB GE
Bl 1 siRNA HefERE Yk B A0 i vk

Note. A, Fluorescence plot of 20 nmol/L siRNA transfection. B, Fluorescence plot of 50 nmol/L siRNA transfection. C, Fluorescence plot of

100 nmol/L siRNA transfection.

Figure 1 Screening for optimal transfection concentration of siRNA
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7R, T Si-NC 4 ,2Si-Apbb1 41 A R AR 808 e v
Apbbl mRNA 7K B AR AT LATK B 51% ( Si-NC
ZH.(1.01£0.21) ;2Si-Apbbl ZH: (0.49+0.03), P<
0.05,n=3) (WLIE 2) , PRI, AR S B0 Fe X BE FH 2si-
Apbb1 , 3CFE Ji5 824 3 1Y Si-Apbb1 41 3148 F H 2si-
Apbb1 AT
2.3 CCKS LG Apbbl % H9c2 s L 40 ffn 3
H KIS

CCK8 2 ifd 3% 78 52 5 v, #HAL T Si-NC 4, Si-
Apbbl ZH H9c2 . LA AL AR TE 48 h B 1G58 B 35 &
F% 0. 44 % (Si-NC 4. (3.06+0. 12) ; Si-Apbb1 4 ;
(2.62+0.16) ,P<0.01,n=3) ,{HJELE 72 h B} 14 5H
WA 0.86 £ (Si-NC 4H. (5.30+0.13) ; Si-

Apbbl #H: (6.16+0.36),P<0.0001,n=3), WX
3A, HHE T OE-NC 4H, OE-Apbbl 2 H9¢2 .0 ILZH
JMIAE 48 h 5 72 h 35 43 B FEAK 1. 23 4% (OE-NC
4H.(4.4+0.14); OE-Apbbl 4. (3.17+0.53), P<
0.0001,n=3)F1 1. 04 f%(OE-NC 4 (6. 04+0.22) ;
OE-Apbbl 1 : (5. 00+0.27) ,P<0. 0001 ,n=3) , 3%
W2 B4, DLIE 3B,
2.4 qPCR SZI&HiN Apbb1 X £ Rf13E 58 &Y 2200
AHEL T Si-NC 41, Si-Apbb1 41 il 1 %50 3 ik 5]
529%(Si-NC £H: (1.00+0. 12) ;Si-Apbb1 £H;: (0. 48+
0.03) ,P<0.01,n=3) ;Si-Apbb1 ZH L 75 fit) 20 Jfa 38 7
bR F Ki67 5 PCNA mRNA kK V- RREAH
Fhmass A BAG W3 22 Sk, SR 240 M ) A

2 A 1Si-Apbb 1 AIHYRIRACR s B 2Si-Apbb1 A1 HY KA ; C.3Si-Apbb 1 AIIRMIRAR . 15 Si-NC 41AHLL, "P<0. 05,
B2 e RSCR A R si-Apbbl
Note. A, Knockdown efficiency of 1Si-Apbbl group. B, Knockdown efficiency of 2Si-Apbbl group. C, Knockdown efficiency of 3Si-

Apbbl1 group. Compared with Si-NC group, *P<0. 05.

Figure 2 Screening for Si-Apbb1 with the best knockdown efficiency

AR CCK8 A8 Si-NC 415 Si-Apbb1 41 AE T B . A CCK8 3544 OE-NC 415 OE-Apbbl HMIEFETEN . 54 HK

NC 4, *P<0.01, ™ P<0.0001,

3 CCKS SEH il HOC2 (LA i A 45 5
Note. A, Proliferation of Si-NC group and Si-Apbbl group was detected by CCKS8 assay. B, Proliferation of Si-NC group and Si-Apbbl group

was detected by CCK8 assay. Compared with their respective NC group, **P<0. 01, “**P<0. 0001.

Figure 3 Determination of proliferation of H9C2 cardiomyocytes by CCK8 assay
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W T Cenbl 5 Cena2 £ ik ZF 1IN, Cenbl F
Ccna2 43 H N 80% ( Si-NC 4H: (1.00+0. 05) ; Si-
Apbbl 4. (1.81£0.09),P<0.001,n=3) Fl 76%
(Si-NC 4. (1.01 +£0.22); Si-Apbbl 4. (1.76 +
0.30),P<0.001,P<0.05,n=3) , ALK W& 4A 55
4B, HH# T OE-NC 41, OE-Apbbl ZH i 32Kk
F] 119 £ (OE-NC #41: (1.00+0. 10) ; OE-Apbb1 £
(119.33+2. 64) ,P<0.001,n=3) ; OE-Apbb1 ZH 4l i
HFEbR RS> F Ki67 5 40 M S8 AR5 53 F Cenbl 5
Ccna? i’}]ké’iﬁ%‘—Flﬂ,KL67\Ccnbl 1 Cena2 435
T 25% ( OE-NC £ ; (1. 00+0. 03) ; OE-Apbbl 41 :
(0.75+£0.02),P<0.01,n=3) .72% ( OE-NC .
(1.00+0.09); OE-Apbbl #H: (0.28 +0.03), P <
0.001,n=3) 1 38% ( OE-NC #H : (1. 00+0. 01) ; OE-
Apbbl #1; (0. 62+0.08) ,P<0.001,n=3) , Hf 55—
AHEFEAR ST F PCNA BB F a3 B 51T

ER S, BARULIE 4C 5 4D,
2.5 HRE SRR UL EK N Apbb1 X 2H Af YL 3E HY
=AU
R T R E Apbb1 X HOc2 U JULAN o 434 5

(SR FRATTR FH 400 i S e 2 O 5L g A I 1 JUL 4
MEXE%E B bR B4 Aurora B 5 PH3, A3 T Si-NC
2H, Si-Apbbl 241 PH3 5 Aurora B BH 4 20 ffg 3% jin
4.33% (Si-NC 4. (12.00+1.00) % ; Si-Apbbl 41 .
(16.33%1.52)% ,P<0.001,n=3) Hl 4. 67% ( Si-NC
“H. (14.67 = 1.53 )%, Si-Apbbl #. (19.33 +
1.53)%,P<0.001,n=3) (I 5A~5D) , A% T OE-
NC 4 ,PH3 5 Aurora B P 40 g 43 5] B A 3. 7%
(OE-NC 41:(13.00+1.02) % ; OE-Apbbl 4 (9.33
+0.58)%, P<0.01,n=3) il 4.36% ( OE-NC £
(14.33+1.15) % ;0E-Apbbl £ (9. 67+1.52) % ,P<
0.05,n=3) (KI5E~5H),

T :A:Si-Apbb1 ZH Y RAIRA B Si-Apbb 1 21 1% 40 i 3 B b 55 9 55 40 M JR) 0 b i W 9 3R 35 8 4k 5 C: OE-Apbb1 411938 R X 80%; D OF-
Apbb1 ZH 40 MU HAR R Y 5 Al i RIRAR S i RaA AR k. 54 A1 NC 441, ™P<0.01, ***P<0. 0001,
4 qPCR SZES AT Apbb1 Xt HOC2 O LA M3 FE AR s ) 55 40 S A s 1 22 3 1 52 T

Note. A, Knockdown efficiency of Si-Apbblgroup. B, Expression changes of cell proliferation markers and cell cycle markers in OE-Apbbl group. C,

Overexpression efficiency of OE-Apbbl group. D, Expression changes of cell proliferation markers and cell cycle markers in OE-Apbbl group.

Compared with their respective NC group, “*P<0. 01, ***P<0. 0001.

Figure 4 qPCR assay was used to detect the effects of Apbbl on the expression of proliferation and cell cycle markers

in H9C2 cardiomyocytes
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1A Si-Apbbl £ 5 Si-NC ZHAY PH3 f9353A15 UL ; B: Si-Apbbl ZHAH# T Si-NC 4 PH3 AYSE 145 ; C: Si-Apbbl 415 Si-NC 411
Aurora B fJZRIA1E B ;D . Si-Apbb1 A4 T Si-NC 41 Aurora B IGE1T45 5 ;E. OE-Apbbl 415 OE-NC 41/ PH3 YR ; F . OE-
Apbbl HAHE T OE-NC 41 PH3 BY45 3145 % ; G: OE-Apbbl 415 OE-NC 11y Aurora B By ik ; H: OE-Apbbl 4 A% T OE-NC
4 Aurora B IIGEITEER . 54 AR NC 4, *P<0.05, *P<0.01,
5 A S SO I A0 4 5E

Note. A, Expression of PH3 in Si-Apbb1 group and Si-NC group. B, Compared with Si-NC group, the statistic results of PH3 in Si-Apbbl
group. C, Expression of Aurora B in Si-Apbbl group and Si-NC group. D, Compared with Si-NC group, the statistic results of Aurora B in
Si-Apbbl group. E, Expression of PH3 in OE-Apbbl group and OE-NC group. F, Compared with OE-NC group, the statistic results of PH3
in OE-Apbbl group. G, Expression of Aurora B in OE-Apbbl group and OE-NC group. H, Compared with OE-NC group, the statistic
results of Aurora B in OE-Apbbl group. Compared with their respective NC group, *P<0. 05, **P<0. 01.

Figure 5 Cell proliferation was detected by cell immunofluorescence
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2.6 APBBI TJ&E]
o0 B 1 5

J T HE Apbb1 VL LN 45 AL
il F AR 7E L 804 P String 43 BT T 5 K R
APBBI1 f FAHEAE M 1, K I AR O I %
fitt 5(KATS) JEMFERTIAE H (APP) S5UERFTIARE
H I (Aplp2) 55 8 1] fig /& APBB1 2 1Y HA/ER
M, HH KATS 5 APP & A AH BAE F ik, HAR DL
Kl 6, KATS J&—Fh2l 8 1 S W% #5 B, T I/ KATS
S ] 90 s 200 L 2L R 200 5 9 S 9 A i v
B AR ALANME R B R KATS BE G 0 WL4N
T4 D ST A S LA R B L KATS AR
APBBI o0 i 3 W HAFS [, APBB1 £ [ Al G o
55 KATS & A B ARG WA 5

5 KATS ZEREEF AL

6 FIHAELHE String AT
APBBI 4 F HAEM 2 0 Hr
Figure 6 APBBI1 protein interaction network analysis

using online database String

2.7 ¢PCR LERFEHMEIEEIEXHE APBB1 E
{EZEHH mRNA RETHK

1E APBB1 M 5 N HAEE AT, APP fEME 1A
s i A 400 it 5 O S A0 e g 5 LRP L REME
R AT 2 A0 5 P B A A Y KATS B
A TR A0 6L 55 R A0 LG 3 I o AL A
JJE RO AT E— 9T APBBL AR A
% 38 o 5 LB AR R 1 B A 2 TS O AL A R
FATREI T #AK 5 i %38 Apbbl B K XT Kat5  App
M Lrpl ) mRNA F3E28 4L 15 ma, A T Si-NC
44 ,Si-Apbbl 4 Kat5 mRNA ik /K B &K 0. 34
£%(Si-NC £H: (1.00+0. 14) ; Si-Apbb1 £H. (0. 66 +
0.04),P<0.05,n=3) ,App mRNA 5KV B3 b
P8 0. 18 1% (Si-NC 4. (1.00+0.02) ; Si-Apbbl 4.
(1.17+0.02) ,P<0.05,n=3) ,Lpl mRNA Fik/KF
WA KA B E AL, AR E 7A, M T OE-NC
2, OE-Apbbl 4 Kat5 mRNA 2 ik /K B & F+ &
0.72 % (OE-NC 41: (1.00+0.13) ; OE-Apbb1 41 .
(1.72+0.20) ,P<0.01,n=3) ,App mRNA Fik/KF
W TV 0.24 % (OE-NC 4 (1.00+0.10) ; OE-
Apbbl #: (0.76 £0.05), P<0.01,n =3), Lpl
mRNA FikK WA KA B E Ak, AR ULE 7B,
Kat5 mRNA Z8{E #4345 Apbbl mRNA (7254 3 —
3, APBB1 & W EiE i 5 KATS & A BAEM 0
JULAH 3 5

. A:Si-Apbbl 415 Si-NC 4111 Kat5 App 55 Lipl MK ETE M ; B: OE-Apbbl 415 OE-NC 4 Kat5 . App 5 Lipl MR,

5% H B NC 414f 1L, "P<0. 05, **P<0.01,

B 7 qPCR SCHEIN-SANMIEFTAICH) APBB] AR Y mRNA ik 4k
Note. A, Expression of Kai5, App and Lrpl in Si-Apbbl group and Si-NC group. B, Expression of Kat5, App and Lrpl in OE-Apbbl

group and OE-NC group. Compared with their respective NC group, “P<0.05, **P<0.01.

Figure 7 qPCR assay was used to detect the mRNA expression of APBBI1 interacting protein associated with cell proliferation
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3 Tt

APBBl H P& —MgHE N, Hil EZAEM A
SURBEIFSE ) . T Apbbl FE AR B A
ARG LA S T A Ay U A A i 301 i A a0, 3
IR ST Apbbl 5.0 LA i 3% 58 22 8] 1) G &R
FATHIBEFEEE T F B Apbb1 BEASFZ M HOc2 L ILAN
JHU3E5E , FAIK Apbb1 FEPIAEHE HOc2 A0 LA L3 7
ik Apbb1 FEPAM T HOc2 LN RIS, AT
HE—25 T fi# Apbb1 Qfe] e AL L 98 .00 LA i 3%
b, FeAi 1A AR B % String 4387 T APBBI I H.
YEEE T, #R5% APBBI1 B i B AE &R P52 m.C L4
Mg, AN, FATT I LA i 3 A X S R RA T
A0 T E T Apbb1 5 41 i 8 58 14 AH S0 5, ik 1R 5
b T A% Apbb1 VR 240 JEL 1 BE A BL A 2 1T B A Apbb1
PaFE HO2 U LA M1 5 ) ELAARBIL A

HAT, % T APBBI P48 58 i 5 X £ 8 A
3FPRIRE . 55 1 b o] BB i I E R AR TR R
(APP) ,APP /& APBBI £ LT JiiE, 78 Bl R 2% 15 Bk
iE ) 9 R e PSR AR R A ST W] APBBI
fEm L I8 55 APP #EMis2 0 T-47D A1 ZR-75-1 FLAR
FAANMIE Y 55 2 FhoR] AR 8 i Y Noteh 5
5 Kim 4 W57 %] APBB1 BE#5X] Notch {5 51
TR 4R, T Noteh 15 5 &0 EHES Y 5 T H
HESH) 20 B 3 B A S B R T g, R 1 F 9 R A
Notch BERE TS L LA G 5S>, HeJg —Fh T B
FEiE L 5 HAE B A CE AR SR g g,
Schritter %5 #3552 B APBB1 5 BLM Il MCM &
IR AH B AR F 0] BB A Bl 76 32 BT R % 163 B0 52 i)
AR 1 A 28 T 200 e I SR A AN S A, R AT
H) APBB1 HAEEE [ 45 53 A 45 S 3R W KATS | APP
5 APLP2 % 142 APBBl W HAERE [, 7E X H
VERR (A TF5E B KATS 25 [ He 52 00 L2 i 1
FENO BRATTHY qPCR SEI 25 R W, App 5 Apbbl
FIAR AR 3 A B2, P 22 18] W] REAF 76 B s R 1
FERL R Apbbl K& PR 75 5 0> WL 40 B 1% 58 B, Kat5
mRNA K5 W& T ; 760 335 Apbb1 3 R il.0>
JULZH Jf0 48 58 5 | Kar5 mRNA 3235 8% FTH, W,
APBBI1 £ 7] fig i it 5 KATS B4 2k 1 5% 0O JULZH
MO FE O WL O3S 56 52 Noteh /55 5 APBB1 4
M EAEE A KATS J#%, 84 APBBI fig 753 i 18 ¥
Notch {5550 5 KATS B E i 52 i 0 L A0 i 384
FAWE? SXAEARFRAT N — 5 AT IHRIT .

X T DR 200 40 i 2R 48 B 5 e 1 S5 5 6k
CCK8 SZ 5 2 H af# H ey sk =iz —, FATH
CCKS SZ40 25 T L I 3 38 Apbb1 FEH GRS 1 2 71
il HOc2 SO UL L 1S 58, T RS Apbb1 KEPH BARTE 5
48 h ANREF I AL E HOC2 o L2 i 34 5 1) e 34
{HUZFESS 72 h BB 15 HOc2 L4 MEdESE , X
W] siRNA K Apbb1 FEH I, W RETR A K
(RIS ] A BESZ ) HOC2 O JIL AN L 48 5

qPCR 5256 | BiAIK Apbb1 X g i & 42 T+
Cenbl 5 Cena2 W3R 35K F, F B iE T K67 5
PCNA N1 2 F 157 5 T 3k e 3k Apbb1 K& A R 6155 =
Ki67 .Cenbl 5 Cena2 .35 T W, WA PCNA
WE TR, Ki67 5 PCNA VE A 240 345 i JLRL bR A5
T, A ABAE Apbb1 FEHBENSE S HOC2 0 JIL4H
B AN BB 175 T 3K P> 43 F [ B kAR I 358 Ak
W7 31X 1] B85 33X W Bl AR 12 40 T 76 40 i 3 4 SR 3 op
FRAEIIVE LA S Apbb1 40 19 vh % ¥ 4 A
Koo —ATEREN LN B G 5E H A4S GO BT .G1 .S
11,62 101 M ], Ki67 J&— P g 40 i AR G A A Bt
i HIRe S A 22y MBI, F AR 2273
WIED M WK ¥EVE . PCNA & —Ff DNA B4 &
AN 1, 5 DNA & FH G, HEREES
DNA & W —2, 7£ GO/G1 40 jif v 22 34 JC IH & A8
1k, G1 R AR IR MR BERE Jn, S AT 2 &5 1, G2/M
WIB B T F%, Cenbl fRFRIMIE G2/M AL AR (1) J&]
I, CCNA2 3R Ay 2 42 1 241 i S5 491 G178 Fn G2/
M b B B A R . Ki67 5 PCNA B 3RIB K
AAERAR Apbb1 FEHZH 53 33K Apbb1 HE[H 4H W] iy
K AR R AT BETE T Apbb1 FEEEFE H9c2
LIRS G2/M W& 3A4E BT LA PCNA JGig &
TERR S 1 23K Apbb1 LA, AR b #a SRR I
Ki67 TERARAT T RERE T Apbb1 A BB E KK EAE
WA AR B WA, (R RE 119 kA B
Ak, 2R HOe2 AN SE AL G2/M AT %

B2 AR5 R B R Apbb1 3 PR AR HE 0 L4
JaE5E | i ik Apbb1 FE RGO LA A 3G 5, B4
WHFH T Apbb1 3 IR 7 0 JIE 4538k () T REAF 75, $R
Apbb1 A5 R 68 B R 175 T 0 FL M B 384 55 1 Vs 7R A
WAk, A 5% 30 T FH 7E 42 9 468 500805 2 String B0 T
APBBI [ HAEHE 1, PCR 5% T HHAE 5 B
Apbbl T HRYZAE AL, #ED APBB1 7] g id 5 KATS
F B AR B IS RO LA LG 5 R i — 0 T R
Apbb1 FE PR 0o L 20 B 14 58 A AL A T JEL R
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Effect of gambogic acid on the growth of prostate cancer cells with
different phenotypes

ZHOU Ligui'?, XIE Qinghua'®>, GONG Miaomiao>”, ZHANG Yongbin'* , SHI Changhong®*
(1. Animal Laboratory Center, Guangzhou University of Chinese Medicine, Guangzhou 510405, China. 2. Laboratory Animal Center,
Air Force Medical University, Xi”an 710032. 3. Medical College of Yan’ an University, Yan’ an 716000)

[ Abstract]  Objective To investigate the inhibitory effect of gambogic acid (GA) on the growth of prostate cancer
(PCa) cells representing different clinical characteristics. Methods  The androgen-dependent PCa cells LNCaP,
androgen-resistant PCa cells 22RV1, and neuroendocrine PCa cells PC3 were treated with GA and enzalutamide (Enz).
IC,, values of the treated cells were determined by the CCK8 method . The expression levels of androgen receptor (AR) ,
Ki67, Cleaved caspase-3 and Bel-2 and the apoptosis of the different PCa cells treated with GA were determined by qRT-

PCR, Western blot and flow cytometry. PC3 cells were implanted subcutaneously into male nude mice, and then the tumor-

[E£WH ] HR A RRERE(32070532)

[EF RN A IIEE (1994—) 2 L WHGTAE  BF9E ) . TP PG R 45 5 250, E-mail :739283058@ qq.com

LEEEE K2 (1973—) 3B, 20482, A4 SR, FF58 07 18] iAo Ag ) 45 S5 980 E-mail ; changhong@ fmmu.edu.cn
FRAGE (1973—) 5, IE S S g0 0, A -1 A= S0, B985 18] . SRR 5 . E-mail ; yongbinzhang@ gzucm. edu.cn
* ILELE G EH



40

Fp ] P R 2 s 2022 4F 5 HER 32 455 S Chin J Comp Med, May 2022, Vol. 32,No. 5

bearing mice were divided into three groups at random: Control group, Enz group and GA group. The changes of tumor
volume were measured during drug treatment, and the tumor weight was determined after treatment to evaluate the overall
effect of drug treatment. Results Compared with Enz, GA displayed achieved better inhibitory effection for of the growth of
LNCaP, 22RV1 and PC3 cells, and a lower dose of GA can could reduce the proliferation and activity of these cells. Under
the effect of GA, the expression of Ki67 and AR in PCa cells was significantly decreased ( P<0.05). With increasing GA
concentration, the number of apoptotic PCa cells gradually increased, and the expression of apoptosis-related protein
Cleaved caspase-3 increased (P<0.001) and that of bel-2 decreased (P<0.001). In vivo, compared with those in the
Control group, tumor volume and weight decreased in the Enz group, albeit not significantly, while tumor volume and
weight decreased significantly in the GA group (P<0.01). Conclusions GA can inhibit the growth of PCa cells in vivo

and in vitro, as well as the expression of AR and Ki67 in these cells. GA can also promote the apoptosis of tumor cells by

regulating the expression of Cleaved caspase-3 and Bcl-2 proteins.
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DA B-actin NS, LL 0 pmol/L GA 1AM IR, A S MIREMEILEE n=6;B. FAMELZRE n=3, SXHAMH,

*P<0.05, *"P<0.01, " P<0. 001,

1 GA HIHIR[EIZER PCa 20t 1 1450 FN T 14

Note. B-actin was used as reference gene, and 0 pmol/L GA group was used as control group. A, Number of multiple pores at each concentration,

n=6. B, Number of repeats in each group, n=3. Compared with control group, *P<0.05, **P<0.01, “*P<0.001.

Figure 1 GA inhibited the proliferation and activity of PCa cells with different phenotypes
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P 3A B, BEE GA 1R R B9 T &, Annexin®
PI 1 Annexin® PT* 21 0 250 &2 32 Wi 358 . W PCa 4
HL SR AR PR T, FRATTE— 2P A GA AR S
PCa 4 il 25 [ 7K F U4 T2 38 P& % 0 43 F Cleaved
caspase-3 fll Bel-2 B3k, 455K 3B piR, b
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12 LA B-actin WS HFAEREA,LLO pmol/L GA AN R, SXHRAM L, *P<0. 05, *P<0.01, **P<0. 001, ***P<0. 0001,
2 GA7E mRNA FEHZMHH PCa 40 AR Bk (n=3)

Note. B-actin was used as reference gene and housekeeping protein, and 0 pmol/L GA group was used as control group. Compared with control

group, “P<0.05, **P<0.01, **P<0.001, ***P<0.0001.

Figure 2 GA inhibited the expression of AR in PCa cells at mRNA and protein levels
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IR ADT b FEFNSE Pk AR I F3697 )5 PCa it
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T LA B-actin FEZRE, LL 0 wmol/L GA 2N XHRZAL, SXFBAARLL, **P<0. 001, ***P<0. 0001,
B3 GAES PCadlMIIAT-(n=3)
Note. B-actin was used as housekeeping protein and 0 pmol/L GA group was used as control group. Compared with control
group, ***P<0.001, ***P<0.0001.
Figure 3 GA induced apoptosis of PCa cells

FE: 5 Control 4UHHIL, *P<0. 0155 Enz 4UAH L, *P<0. 05,
4 GA Wi PC3 AR A4 K (n=6)
Note. Compared with Control group, **P<0.01. Compared with Enz group, ¥P<0. 05.
Figure 4 GA inhibited the growth of PC3 xenograft in vivo
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Use of xi-xian-tong-shuan capsules for alleviating vascular cognitive
impairment in rats with chronic cerebral hypoperfusion

YAN Feng', TIAN Yue'">, HUANG Yuyou', ZHONG Liyuan', LUO Yumin'*
(1. Institute of Cerebrovascular Disease Research, Xuanwu Hospital of Capital Medical University, Beijing 100052, China.

2. Science and Technology Innovation Center, Guangzhou University of Chinese Medicine, Guangzhou 510405)

[ Abstract]  Objective To study the effects of xi-xian-tong-shuan capsules on chronic cerebral hypoperfusion rats.
Methods A rat model of chronic cerebral hypoperfusion was established by ligating bilateral common carotid arteries, and
then xi-xian-tong-shuan capsules were given daily for 42 days. Water maze test was used to evaluate the learning and
cognitive functions of these rats. Neurons in the hippocampus were observed by Nissl’ s staining and blood brain barrier
(BBB) function was evaluated by immunofluorescence staining. BBB-related proteins in plasma and brain tissues were
detected by ELISA and Western blot, respectively. Results  Xi-xian-tong-shuan capsules ameliorated the declines of
learning and cognitive functions in rats after chronic cerebral hypoperfusion, reduced the number of Nissl bodies and amount
of IgG leakage in the hippocampus, and enhanced the expression of BBB-related proteins, when compared with those in the
model group. Conclusions Xi-xian-tong-shuan capsules improved learning and cognitive functions after chronic cerebral
ischemia by alleviating the damage to the BBB.

[ Keywords] chronic cerebral hypoperfusion; vascular cognitive impairment; xi-xian-tong-shuan capsule; blood

brain barrier
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5 P i ot it AH B 0 I R I 69 35 S P ) 7
R, v Ak IR R TS . 1B B iR YT
PERR BRI 259 A TE A

PRI ke 1M A s ML 52 2%, SR A 9T R BT I
Jibi 5 5% ( blood brain barriar, BBB) $i{}i, 25 T 18
A i Y % A & BT A% % H ( xi-xian-tong-
shuan, XXTS ) [Be 4 th 5% %5 5045 13 BRF B A8 19 h
25T, REAE TR I AL AL AR IR | & A d 45
AN F 75, T e 0l e e XU 58 BEL ik 2% i 5 | kS
B2 B AN E MRS RRA R ER B S R, 18
PERRBR AL Y V5 97 Hh = A5 B8 A 4% i 2 O 4 VR T e
B PG ASBIFGE A8 1 i ke 1 A BUSE L AT 5
o 3o 3 A G 2 0 DR RN P ik B 1L %) 7 FH B2 %t BBB
FRISEIEL | A I 65 24 990 18 338 N7 T 4 AR A

1 #RFFE

1.1 Kz

SPF 2l SD KB (270~300 g,8~ 10 J#E)
21 H 30 DURR (bt A= iR A R ] [ SCXK
(51)2019-0010 ], 4 35 F H = 95 19 B 42 il H o0
SPF 2K Zh# 525 %8 [ SCXK ( 51)2019-0050] . FF A
B SR AT 3R K A e R R 2 i R e
SR ZE AR CEE R (xw20211117-1)

1.2 FELFSUEE

s 3o A0 A T A (L P OURS 24 A BR TR AT
Hl, [E 2517 220040065 ) 5 57 Sk (107 b — il il 25 1
By A BRAS ), [ 25 e 7 H19980141) 5 1gG ¢ YePifk
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250, Abcam, ab31721 ; claudin-5, 1 : 500, Santa, sc-
28670) ; P (1 : 2000, FIZ 47 ) ; F 0 4 ) &
fif} ELISA 77 & ( MMP-9 , 7T I itF G S0 A FR A 7]
MM-20918R2 ) ; % % i% 4% & 11 ELISA i 7| &
(occludin, YT. 75 if 52 55k A7 FR 28 H] MM-70051R2;
claudin-5, YT. 75 [iff 52 550l A BR 2 F], MM-61504R2)
A% ( Nikon, 941176) ; /K B (LR R B FF)
AR A ) ; Bibr i ( Labsystems Multiskan MS, 2%
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1.3 XWAHE
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ARET 12 h 287K, CCH BRI 2H il 4 . 5% 53 5
B AT T BRI B FEMSE [T 2, 2% 5 U Jot 28457 JFR
TR . B 28 K I MUK 25, Wy SRR E rh & U0 T
B IR Bl o 2 A I LA 440, 34y 7 8 301 B ik
FE NGRS T R A U o e 60 Z4h
FLA MBS Bk, 2540511, 30 min Ji5 [RRE AL BR 45
FLAEM S 3 ik, R T AR 4138 2] XU 350 3 ik O
L RFENLA AL B Ags 4L, SD KL .
BFARL (Sham,n=7) BHILH (CCH,n=7) A+
S BRI H (CCHHAXXTS ,n=7) ,
1.3.2 #4247k

KEARSGE 2 RIFUGHEE 452, 5 550 1 i 2
HR L2750 500 mg/ (kg » d) , TR 54
RILH 25 T MR A Z& 18K, BT R UK 5 Rr ek it
H42d,

B1 SR

Figure 1 Experimental sequence
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1.3.3  Morris 7K B 5256

SR H Morris 7K 2 B 7 3 %63 K BRIV 2125
REMEATIFANY . Morris 7K 72 FH R DA oA Bl Ak 5k 1.
J& 25 [ 2 2 EACRHE . AT AR R T ARG 5 37~
42 RFEFTH T INGR, 5 42 RFEATICICK I IFi0 5
(HARFHARILE 1),
1.3.4 B 5480 A R

A 425 IR AR5 42 K58 UKk B SC 5
Je MR HUA KRR s v S G B B 2 ORI IS T
s i Jok R £ &8 Bk L7 4 mL, EDTA BT #E, B0
(3000 r/min, 10 min) Ji , B 37 i 3% IF 50 %, -80°C
VAR IR GG I, R RO I T A B K R 49 &
5 O UM A A T A e R U R
1.3.5 R

ATIET) R BB S R 1% £5 3 58 YL
T 37°CHE 4G YL 4, 30 min, J5 T ZEE K /NG bk
MLl 2N MY, V) R T 95% BV W 4y
CJE A BT 95% L BEVE W K 2 min, 41
R ZH IR W PR MY 10 min J5 A A MR IR &
Fo SRR R USRI h 4 41 2 o0 AR Ak O ik UG
T EIANE
1.3.6 TG yRAG 0 it Fikj 5 o 30 375

KRG 20 20 W5 U0 7R RS J5 8 5%
BSA+IPIMLTE EF A 4°C it i, 45 2 R 12 200 K
B 1gG ZOEPTIABE LI E 24 b, J5 I PBS %M
THUEIEH & DAPL RIS BRI o 200t B e
pUEZSIEigNi:N
1.3.7 ELISA A0 i i f57: B AH OC P

HRAE ELISA 5 B A5 48R 20 B A6r I i 2% v i ot
& B R B E A AR,
1.3.8  Western blot il 1fit B b b AH 56 25 1 ik

A S T 1 2000 A S Mt Y v FH R 75 A e )
WG o066 B I o 2 R A
J5 B 20 pg B EAEHTK L, K PVDF R
S5%4WEA 1 h I, A —PT, 4°C KA IR B a8,
W H F G —hr = IR E 1 h, WS &
TR,
1.4 FitEHZE

K H GaphPad Prism8 X SZ 56 ¥ 17 48 127
OIMT. SEHEHE R BB e bR IR 25 (v xsw ) R
TR SE BT SR B R R 5 2% 48 B (One-Way
ANOVA) Giit , M Tukey #EATH 6234, P<0.05

REAMZERERITFE X,
2 #R

2.1 HEBRREQEEMEMRMN KR EZ

F 02 1 A B A T R A, R e 3R
AT Morris 7K 24 % AN [R) A B2 K BRI 2% 2T 1812
REHHEAT THEIN, 25K WoR, 4K BRAE 5 d il
Zrrp R B & 0T AR X Bl A 2T YO R B i
W, UIZREE 4 KR S KJS, Sham 411 CCH+XXTS
HARFF- & R0 B 25 KT CCH 41 ( P<0. 05,
P<0.05,P<0.01,P<0.001, K 2A), LI E45HEM
DT R0 5 AR A IR T 1T LA 5 3t K R P A
BG4 2T e T RE LS, TERCE & 5 %K R
ICAZBE ST BRI & IR, CCH 20K LAY 25587 5 Yk
B OEPRRIREE  HARZ RE ], 4 Sham 2H 1 i}
PR TR, 2R EB5IT¥E L (P<0.05,P<
0.001,[¥ 2B) ., 4 Thhsd@ i inyT e, KERId1Z 71
U CCH+XXTS 4K FR7E B bR 4 B 152 B8 1 [a] i 3%
BT CCH 41, (P<0.01, K 2B),

2.2 HEERRENESEMRRLAREIRHE
Z it

Je IRGL 25 R R | IE 5 % R ZH K BRI 5 CAL
CA3 X onye o n] DLIR I )8 B/ MA, i 2ot 4k
B2 ; 18 Mt i 5 R BRI B XR 28 70 e [G/IMA
Yo ARTR  HEF AL, B0 B R AR AR, 4
THRFEAR R IT R, KRS X 40T, Je ik
/MG AR CCH 4 iR B E i £ 1 5 CAL,
CA3 X2 ouii 5 B3 ( P<0. 05, P<0.01, P<
0.01,/€3),

2.3 HEBERRTER DS M RE M E K RN AE R
IgG B H

IgC i F B R, EIEFHOL T HRAET
A, Y I 7 B 3R 5, IS T Y 1eG 23
BB 20, R T SR A 5 R i A X 12
P i B 1L K B BB B 37 1 1 5 ), BT % A 4 21
PIF 1gC B M HEAT TR, 258 Bn, 5%
T AH EL 12 1 M ke ot 53 49 R BR i 4 2 TG T i
HHBWMZ A TMFERKERITE, TR
/0 KU 2P 1G 1Y Y (P<0. 05, P<
0.01,K4),
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5 Sham 41AHLL, *P<0. 05, **P<0.01, **P<0. 001; CCH 414k, * P<0.01,
2l R R A A A P I k1L R B I AZBE T (n=T)
Note. Compared with Sham group, *P<0.05, **P<0.01, **P<0.001. Compared with CCH group, *P<0. 01.

Figure 2 Xi-xian-tong-shuan capsules improve the learning and memory abilities of CCH rats

;5 Sham AL, *P<0.01;5 CCH gAML, *P<0. 05, P<0.01,
B 3 5 e 0 A A P ik 1 K B 25 DX 22 843 (n=3)
Note. Compared with Sham group, **P<0.01. Compared with CCH group,*P<0. 05, *#P<0.01.

Figure 3 Xi-xian-tong-shuan capsules reduce the number of Nissl body in hippocampus

2.4 HEERRERVEMERMEEEARME  CCH A MK MMP-9  occludin , claudin-5 ¥ & i
MMP-9  occludin . claudin-5 & & =T Sham 41, 45 T 5 5 30 A B 2R ] I R AR

FATH ] ELISA 89 J7 4 W 1 Sham #H ., 18P B 6k il 52 5 /5 1 3 MMP-9 | occludin
CCH 41 ,CCH+XXTS 4 1fi. 3¢ F MMP-9 | occludin | claudin-5 ¥ ¥ ( P<0.01,P<0.001,P<0.0001, P
claudin-5 W FRIE , 4R B 5IR T ARMIL, <0. 0001, 5)
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2.5 HEEBERREEMEMEEETRRKEAR occludin il claudin-5 B LG, Zi R BRE

FEFEBEHEXERARIEZNZIN Sham 4145 1, CCH 41 occludin il claudin-5 )32
FATWH Western blot B AR T Sham 2, IKWEWD 45 156 &8 A8 I 2807 o] % B 1

CCH 41 .CCH+XXTS AN h B E LA RCER REEEEEANEIL(P<0.05,P<0.05,6)

TE: 5 Sham 4UHLL, P<0.01;5 CCH 4140, *P<0. 05,
4l A T AU DA P IR SR 1R B D TG Tt (n=3)
Note. Compared with Sham group, “*P<0.01. Compared with CCH group,* P<0. 05.

Figure 4 Xi-xian-tong-shuan capsules reduce the IgG leakage in hippocampus

TE: 45 Sham 1AL, **P<0.0001, “**P<0. 0001; 55 CCH 414 Lk, * P<0. 01, %% P<0. 0001,
5 Kl BT AR I A D8 P I e e K B2 MMP-9 oceludin  claudin-5 /K3 (n=7)
Note. Compared with Sham group, ***P<0.0001, ***P<0.0001. Compared with CCH group, *P<0. 01, ** P<0.0001.

Figure 5 Xi-xian-tong-shuan capsules improve the leave of MMP-9, occluding and claudin-5 in plasma

TE: 5 Sham 411, *P<0. 05; 5 CCH 41AfilL,*P<0. 05,
6 F 5 T AR R A A e P A R U AL 20 occludin , claudin-5 KF-(n=3)
Note. Compared with Sham group, “P<0.05. Compared with CCH group, #P<0. 05.

Figure 6 Xi-xian-tong-shuan capsules improve the leave of occludin and claudin-5 in brain
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Jo AT S P T O, TR AT e S 6k S ik 4 41
BBB IR 5 | 16 = 40 AL e 5 P 4, T L fe G
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LAt BBB JFHCREBE o FRAT38 b X A B i 41 4
T 1gG MUY (0 B, 5 458 R I IR T Al DL
/0 P ARG TR 2 461 003 ) AT Ml 2 2 TG Y%
W, DU REURERIAT, 56 5508 ke R 4107 T DLk
S B AR 1 4505 /5 BBB Y 5L L I H i
i

FR 4 J& 5 H B ( matrix metalloproteinase ,
MMPs) J& & A Zn™ B9 5 K B K i, — Jy i,
MMPs 7] LLBE ik 2 i A0 5L 57 ( ECM) |, 2 T s 75 1 &
20 XL ) 3 A M B I, 51 R K o A R R 2
TR K 55— 5 TH, MMPs X 58 5 JECRI P4 K2 20
i) 14 B SRR BB B e 3 BBB i), 2 5%
PR BTG B0 R 1 BBB (R R A G
M HTEYERF BBB S8 B E0d fe vh R HE G VE
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RN FRAT] A R I A R H RS
B0, Jf ELAR 5 8 AR 97 5 Be g Bl W s LA
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[ Abstract]  Objective To investigate the role of the endoplasmic reticulum (ER) stress-mitochondrial autophagy
pathway in pulmonary arterial hypertension (PAH) in rats by inhibiting ER stress induced by monocrotaline. Methods
SD rats were randomly divided into three groups (15 rats per group) : normal control group, group with PAH induced by
monocrotaline, and 4-phenylbutyric acid (4-PBA) group. The mean pulmonary artery pressure ( mPAP) and mean right
ventricular pressure (mRVP) in the rats were measured by the Biological Information Acquisition System. The remodeling
of pulmonary vessels was observed by hematoxylin-eosin (HE) staining, while Image] was used to measure indices related
to pulmonary vascular remodeling. The ultrastructure of mitochondria in pulmonary artery smooth muscle cells was observed
by electron microscopy. Quantitative real-time PCR analysis was used to measure the mRNA levels of the key factors in the
ER stress-mitochondrial autophagy pathway. Results (1) mPAP and mRVP increased in the PAH group (P<0.001).
However, after 4-PBA intervention, mPAP and mRVP decreased compared with those in the PAH group (P<0.001). (2)
HE staining showed clear remodeling of pulmonary small vessels in the PAH group, and the measurement of vascular
remodeling indices indicated increased thickness of pulmonary arteriole media and lumen stenosis (P<0.05). (3) The
mitochondria of pulmonary artery smooth muscle cells in the PAH group were swollen, the mitochondrial crista structure had
dissolved or disappeared, and mitochondrial autophagy was increased, as revealed by electron microscopy. After the ES
stress was inhibited, destruction of the mitochondrial structure and mitochondrial autophagy were reduced. (4) Compared
with those in the NC group, the mRNA expression levels of ERS-related factors PERK, ATF4, Bcl-2 and CHOP were
increased in the PAH group (P<0.001), mitochondrial fusion factor Mfn2 decreased ( P<0.001), mitochondrial fission
factor Drpl increased (P<0.001), and the expression of Atgl2, LC3 and p62 increased in the PAH group ( P<0.001).
After rats had been administered 4-PBA, the mRNA expression levels of ERS-related factors decreased ( P<0.001), the
mRNA level of Mfn2 increased (P<0.001), while that of Drpl decreased (P<0.001). Moreover, the mRNA expression
levels of mitochondrial autophagy factors Atgl2, LC3 and P62 (P<0.01) decreased. Conclusions ERS may promote the
establishment and progression of pulmonary hypertension through the mitochondrial autophagy pathway. This may provide a
new concept for the treatment and prevention of pulmonary hypertension.

[ Keywords)

endoplasmic reticulum stress; mitochondrial autophagy; pulmonary hypertension; pulmonary vascular

smooth muscle cell; 4-phenylbutyric acid

Jiii 2f ik %5 H& ( pulmonary arterial hypertension,
PAH) J2 4 R 5k ) B S T 0 S8 S
AT 31 ik °F- ¥4 F ( mean pulmonary arterial pressure,
mPAP) =25 mmHg A—ZLIG R % WARIE , il 1 4 &
o 0 o B A TG R 3k S AR A A
SAREATEh S A TS SR S AR, B AT
7O 2 BR, A8 A, TS A 25, N BT I
(endoplasmic reticulum stress, ERS ) 7 Jilf Ifil & = 44) Iy
BUWRG Sk e R AR R b R AR A
WFFEHTIIESE , 38 ok #0 ] ERS AT RAREAIR PAH KR
Fili sk FE Jy , vacdie i i 4 e A

ERS 540K 1A 5 W 10 AH ELAE T2 51 40 i 3
FEIHLE Z —1 5T & B, i 30 kP e L4 A
( pulmonary artery smooth muscle cells, PASMCs ) 45
JEECPAH il 8 EAY A EE N R 2 — Zokifk [
WEAEHrp R PGB MEAE I HJ2 ERS 2 75l
IR EORL A 1 R AR AR P O AR T, ORI A
A R A ST AR I S g Ak B R T ERS 4
il 57 4-2KFE T 1R (4-phenylbutyric acid, 4-PBA) + i
SIS PAH KRB, SR ARG 0 L o0

T 7 v WL A 145 T A PASMCs 40 i £k %
IRTEZS J ERS-£R R4 [ 0538 3% A0 2¢ 7 19 mRNA
JKF, R PAH Biia BT 4R AL BB

1 #efnrE

1.1 Wz

K IH 6~ 8 JE RN SPF 2% SD KL 45 H K
1 180 ~200 g, Bl W 7 96 = R4 5 — Ff s B2
BEMF 5T H 0 S 56 sh Bl 24 0 55 35 [ SCXK () 2018 -
00027 ) , B T i B B R 2% 4 LA X S50 2y v
ORISR SYXK (37) 2018-0003 ], 48— 1E R E 22°C
~25C 1B 50% ~ 70% , J& B 45 - 16 2 BEH 4] 357
4 JJEHTWR5E . AR S50 ™ i 8006 55 [ [E 37 A B
FEBET R E 1 (LB sh ) SE B e m ), I A i R
3R JFENS BFFE 5 S ad B8 I AL K S sh W 16
PHZE G2 W 4IE (TACUC20190416-01)
L2 FEKFSME

P A 08 ( P19J8F40161 , | 5 i A= W RH 4 A
FRSF]) ;4283 T R M %R (P10083, Jb mt i Bl A= )
B A B2 F) 5 TRIzol % RNA 2 BUik %) ( UN



P P BE AR 275 2022 4E 5 A4 32 %45 5 W1 Chin J Comp Med, May 2022, Vol. 32,No. 5 55

7E26218 , 32 [H Invitrogen 23 Bl A= 72 5 SEAT 9 G E o
PCR( quantitative real time PCR,qPCR) 5|¥& W,
primer express 2. 0 # it BiEAE TAYHEARSA
BRZ H 431 gPCR 3300 & (P200601 , Bl 7R Al
EIA R A (Qiagen) ) o

BL-420F L5 BOR 4 R 58 (R 2 ) 5 s Bt
SAHTHAF Tmage J,JSM-6390LV F14#i HLEE ( H ASHLF
Rt 5 QL-902 e 7 4 (V1T T AR DL /R AY
il i A PR 2 A Centrifuge 5415D B 0 L
( Eppendorf) ; NANODROP 2000 43556 i1 ( Therno
scientific ) ; ABI7500 %% )t & & PCR ¥ ( Applied
Biosystems)

1.3 LR

1.3.1  Bhiisiril e el
¥ SD KEBEWLS N 3 41, 840 n=15.(1)NC
ZHMIE H X IR (2) PAH 4 W H S WAS M

PAH BRI40 ; (3) 4-PBA 41° 4-PBA 254 T Hidl,
ASBIFSE Fi A S 30 R ] — U P 1 A B S
W75 )77 15 L PAH BT 4-PBA 4125 PAH
HEAR ] I3 HR 500 mg/ (kg + d) 7l 25 K SR IR 4-
PBA BB, F55: 4 Al NC 41 )% PAH 414537 [7] %
I 0. 9% FACHN A THEM , 525 4 JH
1.3.2  Iish e bail e

D 6 S R S g AR TR I i s oF
¥4 0 % K 71 (mean right ventricular pressure,
mRVP) ¥ fii 2l ik /& JJ ( mean pulmonary arterial
pressure ,mPAP) ,
1.3.3 R EUN I A E A8 b 2

SR AR FE S, DA il 13 RS W T IR Bl

ZHZH 2.0 emX2. 0 emx0.3 em K/, 57 BIE A 10%
PSP AT € . J5 4T HE B4 6, HlImage J
3 B A DN it 1t 67 R R OC s B B, 4 i 4 )
sk Hp IR JE FE ( medial wall thickness, MWT) | Il &b
1% (external diameter, ED) % [ 10 X ( vascular lumen
area, VA) & BE [ R ( vascular wall area, WA) | & &
A (total vascular area, TA) , i35 il 4 /)N 3h ik v 5
JEEEE 4 He MWT% (MWT% = 2xWT/ED) |, % BE [fi
/B ST B L) WA% (WA% = WA/TA) |, %8 i 1
B4 BB ] VA% (VA% = VA/TA) 1€ il /N
Bk EIBRITEDR o
1.3.4 KB PASMCs HLEEWLEE

FIKBRAL LSS, VIHL 0.5 mm® 24, 57 R
BEAF 0.1 mol/L(pH=7.4) 1 — H Il 5N 2% ril
FCHI A 2. 5% 8 B 52 2 h(4°CURFaH) o R
0.1 mol/L( pH="7.4) fy — I 5 R 4 2% vh il Ve i
P AH 7] 22 b i BC 1 1Y 19% SR Th [ %E 2 h
(4°C) BKIETI R DB g,
1.3.5 PN J5E 190 iy J8- 4 R 1S 3l % OC 8 A 1> mRNA
e

12 I8 2 2% SCHR 1 75 1257, R T TRIzol £ RNA
PRBUKH JEATREAS RNA 425X, L) GAPDH N2,
Y5 Real-time PCR 2 N AR R EC I S B, 7 PCR
FN A H 433 ddH, 0 | SybrGreen qPCR Master
Mix | Forward primer . Reverse primer, cDNA FEL A s If
FEAHRA], VAR N :95°C 10 min, (95°C 10 s,
58%C 30 s, 72°C 10 s) x40 MEH, K 2744k
HEATHCHE ARG A 43 BT, THER A AR Y Y 2
PR 4551, HI AR 51 )& U ER 1,

&1 HMENGIWIIER

Table 1 Primers used in quantitative real-time PCR assays

T4 LSS -37) TS5 -37) ST (bp)
Gene name Upstream primers(5’ 3" ) Downstream primers(5’ -3 ) Length
PERK CGCTGCTGCTGCTGTTCCTG AGCCAAATGCCGTATCCGATGTG 102
ATF4 CTTAGAGGGCTACGGGACGGATG CGTCAGCCTCGTGGTTGGTTC 137
CHOP TGGCATCACCTCCTGTCTGTCTC CCCTCTCCTTTGGTCTACCCTCAG 119
BCL-2 GGTTGGTGTGCGGCTGTCTG AGAGTGGCTGCTGCTGTTGTTAC 168
Mfn-2 TGAAGACACAGCACCTCAGCAATG GGTGTTCAGCAGGAGGTTGGAAG 133
Drpl GAGAACTACCTTCCGCTGTATCGC CACCATCTCCAATTCCACCACCTG 99
Atg12 AGATTGATGTGCCTGTCCGTGAAG CCCTCAACGCCAGGTAAGAATGC 96
LC3 CCAGGACAAGCAGGCAGATGAAG CAGGCTTTCGTCTCTTCCACCATC 149
p62 AAGTTCCAGCACAGGCACAGAAG TCCCACCGACTCCAAGGCTATC 145
GAPDH AGAAGGCTGGGGCTCATTTG AGGGGCCATCCACAGTCTTC 97
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1.4 Sit=EFHiE

ML SN 772 45 AR A ESR-ZRLAA [ Wi 5 5 H 1
D5 T B DL S B s AR R 25 (m 2w ) R
7 10 A R A o B R DL ST R B A o
# (x+s) Form, K SPSS 22,0 FEATSE AL ER, G2t
K3 F XU, 2 41 F R 1 SR R 2 254047
J SNK-q #2356 , A o= 0. 05 I K i, P<0. 05 N
SR HAGITERE X,

2 #R

2.1 BFEXBRMRNNFNELER:

S 4 JE G AR BORE RGN E A A
KB mPAP F1 mRVP., 5 NC 4HAH L, B9 E 40
PSR PAH 4K Bl mPAP mRVP 3 W 2 Thi5, 2
FRAGIFE XL (P<0.001) , K] 4-PBA T 11
J 5 PAH AR L, 254 T B4 K Bl mPAP . mRVP

PVRETR, Z5BEA%iH%E X (P<0.001)
(WF2),
2.2 BHAKXRMOEEHREERUELSR

K HEFE A s T i KB PAH BEALS
JitiZH2Y HE 38 n] DL K BRI /N 20 Dk 487 B 15 T8 48
Bz | A8 - ULAR B HE S Z5 5L, I 1) 5T 78 00, 28 AE
YRR . 285t 4-PBA T 1R, K BRI/ bk
ERES ) JiiE) BT AR e (DL 1) o SRIIAE Image
J A 00 25 2L il ot 4 B A G AR AR, 5 NC 41 AH
o, PAH 2H KB MWT% . WA% 375, VA% I /b | 42
7~ PAH 2H K BUI 3 kA BE S R A I pe s 2 S B
HEG it 8 X (P<0.05), 4-PBA THi)5, 5 PAH
HAHL, 259 1 T4l K B b A Jid il 7 5 98 4 bR ek
¥ R HAGHE X (P<0.05) (WK 2),
Hr AR, R ERS #0417 4-PBA J5 ,PAH K
ST 2E 2 it 1l 7 R YRS bR A B s

|2 AR B )28 bRl E

Table 2 Hemodynamic indexes of rats in each group

EWIESIN] NC 44 PAH % 4-PBA 4
Pressure types NC group PAH group 4-PBA group
mPAP ( mmHg) 16.22£1.78" 55.89+4. 10 30.02+2.89 "
mRVP ( mmHg) 6.60+0. 87 " 30. 78+2. 83 21.56+4.37"

5 PAH 4L, "P<0. 001,
Note. Compared with PAH group, *P<0. 001.

B1 SAKXELL HE J6

Figure 1 Lung histology examples of rats were stained by hematoxylin-eosin

.5 PAH 41H L, *P<0.05,

2 ALK RIS E AR AR E

Note. Compared with PAH group, *P<0. 05.

Figure 2 Measurement of pulmonary vascular remodeling indexes of rats in each group
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2.3 HETRAEKXR PASMCs &k RN

5 NC @A I, B E A 75 5 1 PAH 4K B
PASMCs ZRnfARJi ik L (RIS ZERIDEIR i %, il
WA R AW RG22, 45 4PBA T Fil 1Y K B
PASMCs HIZRHAZERAHGE , SRR A s (WA 3) .
2.4 BHAKXRIHALR ERS-ZL A K BEHAEETF
mRNA MEL R

B E A0 T 00 PAH 2K BRI 4L 48P J5 0
B 56 F PERK \ATF4 Bel-2 .CHOP 1Y mRNA 3
KA F R (P<0.001) , 2R Al & T M2 fiY

mRNA R ik 7K ¥ T, &bk 73 2 K+ Drpl 1
mRNA Fik Fi (P<0.001) , 2 kA [ wgAH ¢ R 5
Atgl2 LC3 ,p62 ) mRNA ik L (P<0.001), £
it 4-PBA THU5 , 5 PAH 41AH L, 259+ 2 KRR
PN J5 9 7 38 A 56 R 7+ PERK ATF4  Bel-2 . CHOP
mRNA 357K T [ (P<0.001) , 2 ki iR Rl & T
Mfn2 ) mRNA ik b, &R R AR fl A 35 n (P<
0.001) , 2R 1A 43 24 5 F Drpl A9 mRNA J />
(P<0.001) , Zkifk [ Wi [+ Atgl2  LC3,p62 1Y
mRNA FEAFFFAK(P<0.01) (WLE 4)

T Ok LOR R ISEEHEEAL MR AL OE Sk ok AR
3 AR PASMCs Lk M E g 28

Note. Yellow arrow, Mitochondria are swollen, cristae are disorganized and disappeared. Red arrow, Mitochondrial autophagy.

Figure 3 Mitochondrial ultrastructure of pulmonary vascular smooth muscle cells of rats in each group

.5 PAH 4AlLL, **P<0.01, “"P<0.001,

B4 ALK UM ZE 2P 5T I 1 8-SR AT i DG B D7 mRNA i

Note. Compared with PAH group, *P<0.01, “*P<0. 001.

Figure 4 mRNA determination of key factors of ERS-mitochondrial pathway in lung tissue of rats in each group
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3 itig

ZIFSE R ERS J& PAH &4 & b i %
AL A FEET COUESE, B A A
1 PAH K [RUITZH 2 A pAY S5 9] iz S B 1 ¢ PERK
ATF6 \IRE1 SCHED T HY A mRNA K 2 F % kK F-
) 194, i ERA 405 4-PBA ] A 240 ] ERS 3¢
S DRI, 0 A A A 3 ok s Y (R
HARPENLRA Rt — 2L 05T

LA | N 5T M -ZoRL R ) B 25 L5 Bl 1L B
TR AIL B 5T 28 B it 20 Ik e He S5 1) A 5 44
o PTG 2R A 22 8] iy R0 AR 45 5 9 5
M B ( mitochondria-associated endoplasmic reticulum
membranes , MAMs ) AH%E | ‘& 42— Fh X 20 g A= BRIA S
IR S A S5, S 5 ERS  E ALY
T AL O T A0 L W R A Bl 2 R A R
SEUST BB, PO ERS AT LAY mi 2ROk 1A A
50058 NI FEERAREE 2R Sk Al
A A 2(mitofusin-2, Mfn2 ) JE—FHA =B 15 4F
WEYERY S 1 8 A SCE F, Y A 2 T MAM
— i, G T LRGN, AT LS 5T R A Min2
SR R ERLRLR S N BT, I EE
SRR LORA SN R, (H -t 55 P 5 R 0 b A
FUO#RE ROAE N B3 A BT B ( PRKR-like
endoplasmic reticulum kinase , PERK ) i} X 71 [a] 9 7
ERS''¢ o McLelland %[17] Zvifm,ﬁjifﬁ’ﬂﬁ Mfn2 2 &
b, TSR RLR SN A 45 15 Min2/p97 54150
5, DT S350 J5T ) - R AR 235 5 JRE P B DR S 4 Ak
AW &4, 2h 1 8 B A & &H B 1 ( dynamin-
relatedprotein 1, Drpl) & 7 ZR0 A 73 24 1) OC # B
1, Drpl AT 3 5k 1B A0 MR i 5 2R 1A, ) 22 SOk AR S B
Fo Ho Ay za s o Shirakabe L [19] KPR R Drpl,
AR B WD . AT R B, 7R PAH K U
ZHZ Mfn2 9 mRNA 35T, Drpl £ mRNA ik
L3, R ERS M5 4-PBA J&, Mfn2 /9 mRNA %
i5 R, Drpl () mRNA ik B, $ 7R 20k il &
B, o3 2880 e, FATHEN ERS 5 LR A Rl
BT A EAE F AT BETE PAH A9 & A2 & i
RAEHEAEH]

AR Ok A BF I R B, kL iR B R 7E 1Y
PASMCs S8 | 410 1) 40 At 8 1= 75 10 % 4% 5 A T
TE— TR PASMCs AR B IS b B, AR S n] J00%
LRI [T S PASMCs 3478, it 72 5 ERS % 1)

A AR ST AR B R OLEE PAH K R 4 47
PASMCs Z&Ki AR TE 25 25 10 10 B & B, £ 1A [ s 0
S0, HRH ERS #P#il5) 4-PBA 11X — 4
BRI/ D 2R SRR [ W AH JE T LC3
Atgl2 ,p62 [ mRNA Fik/KF, KX (5 550 F
) mRNA FIRBEAL, KM, LC3 255 AW
FEZEEA, £ P L3 T L3 T mFE
FEAE,LC3 T/ T LA A /INAT DA B [ s 7K ST 1) 8
%, 16 A MR A TR, LC3 T 5B mS i 2 s e 4%
FIFEM LC3 T, BEFRIE AW Z 1A p62 & il
LC3 e LS Az LM E A R LR E e
A oy FEAE B A W /IMA b SRS AE B I A N
Refire , e MIC SRR AR AE 175 5 1) 3l 0 il 3l Jok o e A 2 o
RIEVEFIY S Agl2 je—FhiZ ZREER A, 76 A Wl
A SCHAE T, 2 B W NMATE B AS T 2 1
T2 BT, AN 4-PBA 41 ERS F] A E
i TR G 5 50 2, WD SORL R 7 W T 35
F PR PASMCs il Jili i 457 A AU VE T ( WLIELS)
AWFFEAE ERS-ZORiA [ Wil B 7E PAH &K
Jr AT fig & EE AR F O AU T 1P IR &
FEE—E R R R, &%, p62. Agl2 [ LC3 [ (LC3
2 J LC3 /LC3 T SR bifk [ Wi A G5 5 70+
FEZE R mRNA 7K 7 1 %3k 5 P8 3% 5 FHLSIM A
e — LIS UERIBSY . LUK, 90T 5 SR A A oy
) el e TR R A B RO R (AT RO
PASMCs i £ 3% 58 5 550 2l ik B 745 175 & PAH /9 2

B 5 4-PBA il PASMC P 5 90 -2k i F IR 175
3 g% A FH 0 R A
Figure 5 A hypothetical model for the signaling pathway and
the role of 4-PBA-inhibited ERS-mitochondrial in PASMC
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Effect of naringenin on insulin resistance in 3T3-L1 adipocytes by
inhibiting overexpression of miR-29b
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(1. Department of Clinical Nutrition, Sichuan Academy of Medical Sciences & Sichuan Provincial People’s Hospital ,

Chengdu 610072, China. 2. School of Medicine, University of Electronic Science and Technology of China, Chengdu 610054)

[ Abstract]  Objective To explore the effect of naringenin on the insulin resistance of 3T3-L1 adipocytes, and the
relationship between the overexpression of miR-29b and the effects of naringenin on insulin resistance in 3T3-L1
adipocytes, in order to further illustrate the mechanism by which naringenin acts in the prevention and treatment of T2DM.
Methods Dexamethasone was used to induce differentiated and mature 3T3-L1 adipocytes, after which an insulin
resistance (IR) model was established. Different concentrations of naringenin were used to intervene in IR model cells and
IR models cells transfected with miR-29b mimics and inhibitor. qRT-PCR and Western blot were used to determine the gene
and protein expression of IRS-1, Akt/p-Akt and GLUT4. Results Naringenin intervention increased the gene and protein
expression of IRS-1, Akt/p-Akt and GLUT4 that was reduced in 3T3-L1 IR model cells. Naringenin increased 3T3-L1 IR
model cell IRS-1, Akt/p-Akt and GLUT4 gene and protein expression by inhibiting the overexpression of miR-29b.
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Conclusions

These result show that naringenin can ameliorate insulin resistance in 3T3-L1 adipocytes, which may

improve the expression of related proteins in the PI3K/Akt signaling pathway by inhibiting the high expression of miR-29b.
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Hrp ek 2,
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AHEE,3T3-L1 IR 5 Y A 1 il 2 40 ffg v IRS-1, p-Akt 25 wg/mL Wl K IRS-1 B A& B (P<
MR A RIAH IR FFE; 5 IR BOARLR T H 4146 1L, 0.001),50 100 wg/mL i iz F 41 p-Akt B8 i B 2%
M Bz 32 T 740 IRS-1,p-Akt BYZE I RR 0, o (P<0.001) iR 4R YRk SRR TE 25

A i SHT 3T3-L1 40005 B 56D 3T3-L1 B 40 ; C . 3T3-L1 AR A& 0" Jefa,
B 1 3T3-L1 s L E
Note. A, 3T3-L1 cells before induction. B, Successfully induced 3T3-L1 adipocytes. C, 3T3-L1 adipocytes were stained with oil red “0”.
Figure 1 Morphology and identification of 3T3-L1 cells

T2 B FOU P AT 3T3-L1 AN 4 2
FEHUW M (%+s, n=3)
Table 2 Effect of naringenin on glucose consumption in

IR 3T3-L1 cells

21 5 AN AEE (mmol /L)
Groups Glucose consumption
IEHXTHRZH NC group 2.72+0. 12
5 IE® S BAME, " P<0.001; 588 4 A 1, ™ P< BRI TR group 1.95+0. 23 ***
0.01,*P<0.001, HIBRIL] TR-V group 1. 89+0.22
2 M RTINS 3T3-L1 B RHLHisiA 25 pg/mL Al 2 T IR 41 IR-L-Nar group 2.360. 16*
A A PR 58 B ) 50 we/mL Al 2 T IR 28 IR-M-Nar group 2.61=0. 31%#
Note. Compared with NC group, **P <0.001. Compared with IR 100 pg/mL Az Z 0 IR 41 IR-H-Nar group 2.45+0. 25"
group, *P<0.01, * P<0. 001. TE G IE R X BRALAR L, P<0.01; SERIALA L, P<0.01,% P

<0. 001,

Note Compared with NC group, " P<0.01. Compared with IR group, *#P
<0.01, " P<0.001.

Figure 2 Effect of naringenin intervention on

gene expression of 3T3-L1 insulin resistance model cells

HE SIEFXHRAA L, " P<0. 001 ; SHEREHAH L, P<0. 01, P<0. 001,
B3 &413T3-L1 4 e Rk &
Note. Compared with NC group, ***P<0.001. Compared with IR group, *P<0. 01,**P<0. 001.

Figure 3 Expression level of protein in 3T3-L1 cells in each group
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3 itig

il fz B0 A FA A A W B 1 BT, BF
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TG AR A g 5 AP R A AR AR RS Y
F 75 & B e 28 0] LASR =5 3T3-1L1 TR 4 A
TR 55 M ) B BRI 5 Bk ) (A Bl R g
3T3-L1 i 15 4 e () ELAA S5 BIL T o AN 4

8 5 F AR PN A B P ME— R YR R
5L S B A R BRI AL AR B R AR,

B4 3T3-L1 g anils yess

Note. Compared with IR group, **P<0. 001.

Figure 4 Transfection results of 3T3-L1 adipocytes



P P PR AR 2R 75 2022 4E 5 A4 32 45 5 W1 Chin J Comp Med, May 2022, Vol. 32,No. 5 65

S Cell+3 8 B FR AL L, " P<0.001; 5 Cell+IR ZHAH kL, " P<0. 01, P<0.001; 5 Cell +IR +miR-29b mimics 5% YL 41 #f Lt ,
&&&p<0. 001,

B 5 Hl T 3T3-L1 4045 44 miR-29b mimics/inhibitor J5 &P 2 1K A5 1
Note. Compared with NC group, **P <0.001. Compared with IR group, P <0.01, **P <0.001. Compared with IR-miR-29b group,
&&pe. 001.

Figure 5 Effect of naringenin intervention on the gene expression of 3T3-L1 adipocytes transfected with miR-29b mimics/inhibitor

5 Cell+ % B R WAL, **P<0.001; 5 Cell+IR 414t ,* P<0.001; 55 Cell+TR +miR-29b mimics % Y41 kb, 4 P<0. 05,
& p<0.01,
6 Ml KLY miR-29b mimic/inhibitor 3T3-L1 #Hifl IRS-1.p-Akt B/ 1Rk &
Note. Compared with NC group, **P<0.001. Compared with IR group, **P<0.001. Compared with IR +miR-29b group, *P<0.05,
& p<o.0l.
Figure 6 Effect of naringenin on the protein expression of IRS-1 and p-Akt in miR-29b mimics/inhibitor 3T3-L1 cells transfected
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[ Abstract]
enhancer of zeste homolog 2 (EZH2) axis to inhibit the epithelial-mesenchymal transition (EMT) of melanoma cells ( A375
cells). Methods The MTT method was used to detect the effect of Rubescensine A on the viability of A375 cells. A375

Objective To explore the mechanism by which oridonin regulates the microRNA200c¢ ( miR-200c)/

cells were divided into a control group, oridonin group, mimic control group, miR-200c mimic group, oridonin+inhibitor
control group, and oridonin+miR-200¢ inhibitor group. qRT-PCR was used to detect the expression of miR-200c and EZH2
mRNA | Western blot was used to detect the expression of EZH2 and EMT-related proteins, adhesion test was used to detect
the adhesiveness of A375 cells, Transwell test was used to detect the invasiveness and migration abilities of A375 cells,
while a luciferase reporter gene experiment was used to detect the targeting relationship between miR-200¢ and EZH2,
construct a nude mouse model of transplanted tumor to detect tumor quality. Finally, the expression of EMT-related proteins
was analyzed immunohistochemically. Results  The survival rate of A375 cells decreased significantly with increasing
oridonin concentration in a dose-dependent manner ( P<0.05). Since 40 wmol/L oridonin was close to the half inhibitory
concentration, 40 pmol/L oridonin was selected for follow-up experiments. Compared with those in the control group, the
expression levels of miR-200¢ and E-cadherin in A375 cells in the oridonin group and miR-200c¢ mimic group increased
significantly, while the expression levels of EZH2 mRNA and protein, neural cadherin ( N-cadherin), and Vimentin,
number of migrating cells, number of invading cells, and number of adhering cells decreased significantly ( P<0.05).
Compared with the control group and the mimic control group, the expression level of EZH2 protein in the miR-200¢ mimics
group was significantly decreased (P<0.05), and the silencing of miR-200¢ could reverse the effect of oridonin on A375
cells. Compared with the levels in the control group, the tumor quality and expression levels of EZH2 mRNA, N-cadherin,
and Vimentin were significantly decreased in the oridonin group, while the expression levels of miR-200¢ and E-cadherin
were significantly increased (P<0.05). Moreover, compared with those in the oridonin group, the tumor quality and
expression levels of EZH2 mRNA, N-cadherin and Vimentin in the oridonin+miR-200¢ inhibitor group were significantly
increased, while the expression levels of miR-200c and E-cadherin were significantly decreased ( P<0. 05). Conclusions
Oridonin may inhibit the EMT of A375 cells and tumor growth by promoting the miR-200c/EZH?2 axis.

[ Keywords] melanoma cell; oridonin; miR200c; enhancer of zeste homolog 2; epithelial-mesenchymal transition
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Table 1 qRT-PCR primers for miR-200¢ and EZH2
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EZH2 GTGGAGAGATTATTTCTCAAGATG CCGACATACTTCAGGGCATCAGCC
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Figure 2 Effect of oridonin on EZH2 protein

expression in A375 cells
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Note. Compared with control group, *P<0.05.

Figure 3 Effect of oridonin on EMT of A375 cells
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Figure 5 Effect of oridonin on invasion and

migration of A375 cells

Figure 4 Effect of oridonin on EMT related protein expression in A375 cells
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Figure 6 Targeted binding sites of miR-200c and EZH2
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Figure 7 Effect of miR-200c overexpression on Figure 8 Effect of miR-200c overexpression on EMT
KZH2 protein expression in A375 cells related protein expression in A375 cells
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Note. Compared with control group, *P<0. 05.
Figure 9 Effect of miR-200c overexpression on EMT of A375 cells
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Figure 10 Effect of miR-200c overexpression on invasion and migration of A375 cells
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5T IRALA L, *P<0. 05 54 H R4 M L, *P<0. 05,
B 11 miR-200c FiEUTBRMHE 402 B Z X EMT AY520

Note. Compared with control group, *P<0.05. Compared with oridonin group, *P<0. 05.

Figure 11 miR-200c silencing reverses the effect of oridonin on EMT

B 12 miR-200c FiRUTBRWHE A0 B R X A375 4 iR 28 KT R i w2

Figure 12 miR-200c¢ silencing reverses the effect of oridonin on invasion and migration of A375 cells

AR B A R H =4 JC AR HH 2 +inhibitor control
2 ;D &% HH ZE +miR-200c inhibitor 2H
Bl 13 miR-200c A TUBRIL e A5 i H T
EMT HISCH F AR
Note. A, Control group. B, Oridonin group. C, Oridonin+inhibitor
control group. D, Oridonin+miR-200c¢ inhibitor group.
Figure 13 miR-200c silencing reverses the effect of

oridonin on EMT related protein expression

AT IR B R B 4 ; €. & % H1 H & +inhibitor control
25D A V% B H Z +miR-200¢ inhibitor 41,

B 14 IS
Note. A, Control group. B, Oridonin group. C, Oridonin + inhibitor
control group. D, Oridonin + miR-200c¢ inhibitor group.

Figure 14 Tumor morphology observation
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15 miR-200c FIRTTER 54 4 05 B FZ 0 Rg 4l 23 P EMT AH G AR IA R0

Figure 15 miR-200c expression silencing reverses the effect of oridonin on the expression of EMT-related

proteins in tumor tissues

T SRR LL, "P<0. 05; 54 B T R4 1L, " P<0. 05,
16 miR-200c kLR IIE 2 v i T A
JiRE2H 21 miR-200c \EZH2 mRNA 33K (15200
Note. Compared with control group, “P<0.05. Compared with
oridonin group, *P<0. 05.
Figure 16 miR-200c expression silence reverses the effect of
oridonin on the expression of miR-200c and EZH2

mRNA in tumor tissues
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Study on the safety and effectiveness of human umbilical cord mesenchymal
stem cells in the treatment of acute lung injury in mice

CHEN Qianging', BIE Yanan®, CHEN Boyu', XU Jiahuan', OU Baofang', XIE Shuilin’*, WU Shaoyu'*
(1. School of Pharmacy, Southern Medical University, Guangzhou 510515, China. 2. School of Life Science and Biopharmacy,
Guangdong Pharmaceutical University, Guangzhou 511436. 3. School of Biological Science and Engineering, South China
University of Technology, Guangzhou 510006)

[ Abstract]  Objective To investigate the safety and efficacy of human umbilical cord mesenchymal stem cells
(HUC-MSCs) in treating lipopolysaccharide (LPS) induced acute lung injury in a mouse model. Methods The safety of

HUC-MSCs was evaluated through tumorigenicity experiments, in wvitro hemolysis experiments, and acute toxicity
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experiments. A model of acute lung injury was constructed by nasal or intraperitoneal injection of LPS in mice aged 6 to 8
weeks. HUC-MSCs treatment was given 6 h after modeling, and the treatment groups were divided into tail vein injection
group (5%10cells/kg) and nebulized group (HUC-MSCs conditioned medium). The histopathological result of mice lungs
in each group were observed 96 h after modeling, and the inflammatory cell count and classification of bronchoalveolar
lavage fluid ( BALF) were observed by Richter-Kimsa staining. Results  There was the absence of potentially
tumorigenicity and acute toxicity in the animals after administration of the stem cells. HUC-MSCs had no hemolytic effect on
rabbit blood. Compared with the control group, both modeling method showed some degree of lung injury, and the
McGuigan score of lung histopathological sections showed that the lung injury caused by intraperitoneal injection of LPS was
more severe than that of the nasal drip group. Compared with the model group, the degree of lung injury was significantly
reduced in the treatment group, in which the tail vein injection group had a better treatment effect than the atomization
group, and the macrophage count in BALF was significantly higher ( P<0.001). Conclusions The mouse model of acute
lung injury induced by LPS intraperitoneal injection was superior to nasal drip administration. Caudal vein injection of HUC-

MSCs can effectively treat acute lung injury in mice. HUC-MSCs conditioned medium atomization can alleviate lung

inflammation in mice.
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Note. A, HE staining of lung tissue. B, McGuigan score for lung injury. Compared with corresponding groups in the same

period, “P<0.05, *P<0.01, "P>0.05.

Figure 1 Lipopolysaccharide induced lung pathological changes and McGuigan score results

T AR 28 d JE IR IR IR B PR BRI, SRR LE , **P<0. 001,
B2 NS ) e T A A A BUR TR

Note. A, Macroscopic images of tumor 28 days post-inoculation. B, Average tumor volume. Compared with corresponding groups

in the same period, ™*P<0. 001.

Figure 2 Tumorigenicity of human umbilical cord mesenchymal stem cells in vivo
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TE A BURPESC RN A HEAR HE G0 B BRI IR/ N RUIE HE 3@,
B3 HUdtksik/ MRS HE Rt

Note. A, HE staining of organs in tumorigenic experimental mice. B, HE staining of tumors in mice in the positive control group.

Figure 3 HE staining of tumorigenic experimental mouse tissues

A /NEUARE BRI B /N B R - R C /N B IEAS HE Jefa . S RIHAER 413 Lk, ™ P>0. 05,

B4 AJBEHE ) 5 5T 20 M R g S S R e
Note. A, Body weight of mice were measured once per week. B, Total amount of food intake were measured once per week.
C, HE staining of various organs in mice. Compared with corresponding groups in the same period, ™ P>0. 05.

Figure 4 Acute toxicity of HUC-MSCs injected into tail vein of mice
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TE A PRAMNES M52 56 PR VSR 5 B PR I SE BB AR 45 1
B S AT ) S8BT A A A A i 1 S
Note. A, Visualizing of hemolysis experiment in vitro. B, Observation results of hemolysis test in vitro under light microscope.

Figure 5 Hemolysis experiment of human umbilical cord mesenchymal stem cells in vitro

A TZH4Y HE 4o, B BALF i [R— WA B% 4% (0, C . i 4 £ McGuigan W43 (n=5) ;D BALF B WEARIEEL (n=3) , 5 [ 3047 1z 28 51
I, *P<0. 05, *P<0. 01, *P<0.001,™P>0. 05,

B 6 AT BT A0 YA T S b A 0 A AT
Note. A, HE staining of lung tissue. B, BALF Wright-Giemsa staining. C, McGuigan score for lung injury (n=5). D, Number of BALF
macrophages (n=3). Compared with corresponding groups in the same period, *P<0. 05, **P<0. 01, **P<0. 001, P>0. 05.

Figure 6 Efficacy of human umbilical cord mesenchymal stem cells in the treatment of acute lung injury
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Exploration of the conditions for establishing proteasome inhibitor
I-induced mouse model of Parkinson’s disease

HU Yuying'* , WEI Xiaoyun>, SONG Xi', ZHONG Jie', LIU Yonghui', LUO Rongging’
(1. the First Affiliated Hospital of Guangxi University of Traditional Chinese Medicine ,Nanning 530022, China.
2. Guangxi University of Traditional Chinese Medicine, Nanning 530007)

[ Abstract]  Objective To observe the effects of different doses of protease inhibitor I (PSI) on behavior and the
expression of tyrosine hydroxylase (TH) and a-synuclein in the substantia nigra of rats, and to explore the optimal
conditions for establishing a chronic Parkinson’ s disease (PD) rat model induced by PSI. Methods Thirty SPF male rats
were randomly and equally divided into three groups. Model groups were subcutaneously injected with PSI at a dose of 3 or 6
mg/kg, while the control group was injected with dimethyl sulfoxide solution at a dose of 3 mg/kg. After injection every
other day (every Monday, Wednesday and Friday) for 2 weeks, the behavioral changes of PD rats were observed, and the
changes of cells in the substantia nigra of the midbrain were observed by routine HE staining. The expression of TH and «-

syn in the substantia nigra of dopaminergic neurons was determined by western blotting and immunohistochemical staining.
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Results Compared with that in the control group, the motor ability of the rats in the PSI model group was significantly

decreased, the behavioral score in the pole climbing test was lower in the 3 mg/kg dose group than that in the 6 mg/kg dose

group, and the behavioral score in the suspension test was higher in the 3 mg/kg dose group than that in the 6 mg/kg dose

group. The result of HE staining showed that the substantia nigra cells of the model group were degenerated. The result of

Western blot and immunohistochemistry showed that the expression of TH decreased significantly and that of o-syn

increased significantly in the substantia nigra of rats. Conclusions

The PSI rat model can replicate the behavioral and

central and peripheral neurodegenerative changes of PD, making it an effective model to study the pathogenesis of PD.
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1.3 XWAHE

1.3.1  Zhi¥ysordl SR 2%

BEHLAT A XTHRZH 10 2 PST BEAIZ A 21 FgR Al
4HBHK 10 H, 28 McNaught 255 K 1 1 v
2L fe VRS PSE A PD M8 MR BB v R
2 B PSR S mg, il 100% DMSO ¥ 875 pL
PRI PR, B 5 A ZEIB/K 375w, BCil s PSI
VW (HE N 70%) , LL 75 wl/100 g (3 mg/kg),
150 pL/100 g(6 mg/kg) HATHE AR TS5, PSI
BAUZH A BERIZH B KB40 45 7 J i A PSI
3 mg/kg 6 mg/ke, X BEZL 45T 70% DMSO 3 mg/kg
B2 RS, A T — = R T R R
NS ESA 2y 2 JE L A2 6 Ik,

1.3.2 fTh2FSLE

SR sUN LIRSV SN NN S IS RSl W )
AR s EE R e R
KTy B R AT R o AT R AR DU iR K B AT
Y18, B F AT 1 d RSt 556 14 .21 .28
RiFATIE%,

(D) JEFFSEE AR B S5 % 58 K BT M
Ak, 5 W8 Zhang %0 MBFFSL R, H—HEH&AEN
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1 em, K 50 em FYARFT, s [E & A —HAE 2.5 em
BYBRA/INER | AT 1 28 | 20 A3 B e, i) 450 ik
TRk 1] T 0B AR R /N ER I TS, 4 LV AT 4%
JCT, MEER B N AT LR A B9 AT o B[], %) 3
ATy, R A A AT B AT R, B N 5
U, BERRE 3 min, PEAMBRAE 0 4, RERMAT E—k
BRI  TEFFE Al <4. 00 s51 43, K BREEOR )G g
JET , JCHFIF ] 4. 01~8. 00 s;2 43, KEZZ1E €T
PERRRGE B, TEFFR ] A 8. 01~ 12.00 5353 43, KR
PE B RR I, DU SOEAT I E] > 12. 00 s,

(2) B 21 Tao 251 B3t 1y TEFF 52 56
HATRR 1 DERN 1.5 mm RN, Kk
BT S ER ], SRR R RS A 20 em , =R 30
em , FEREAT B0 1 em AL INBEES 55, °F O B A0 BB
P, B R B B B TR B b S O
KB, PEARTE 0 43, K EUBUS TRES T A AN 55 4K
B 1 o A — HUE N U E AR ;2 45, K
BRTE B TTEATAE AR P8
1.3.3  8UEAR KU R il &

TR A A T 52 56 K BRURR B 5 4T I B
JBs 280 PR A VE AR BER /K 50 mLL, AR 4 PEHR 5
HR BB R A3 , UE - 80°C kAR RAE &, TS
2 Western blot Kl , A4 5 H R BRAERE T 5¢
AEBREK G TR HET 100 mL 4% 2 R P EE FTIT
FL B BOR , FH 4% 22 58 W 9047 161 2 AR 97 24 h, T
AT HE YL i K S e 4L Ab A
1.3.4  HEURH2EINE

IR K, 2 i 3 5 AT U0 TR
HF 3 um, B, 65C #5 Frad i, AT H L HE YL
HeBEIEE
1.3.5 Western blot il K 52 X TH DA RE#f
2570 \a-syn I FRIK

T ZH ZUFRI 20 ~ 40 mg, U FRIC, A LR
W 200 ~400 pL, FHFE W AR T 240% % = EP 45, 7]
FHAIMLAI S 2 T WA R BRI 2038, —20°C fRA7,
HL VKBS, TE AL I 90 min, 2506 K THHR HIEE
3h, BILE T —PimBwT,4CHFE 12 h, H
TBST [ (3x15 min) ; IAAHNL 1 = 4000 L fiH
B3, 37°C I 1 h, PBS ¥4 (3%5 min) , ECL
B 1 HEBER AR R G AT 43T
1.3.6 LA KRR T IX TH, DA fEffiZ
T—E\a-syn (4 FH 22 35

AU A, 4 CBERS EE LK, | EDTA (PH =

9.0) YL E , B HIJS PBS PE¥ (3X5 min) ; HTA
3% MR EW, ZE IREDEIFE 25 min, PBS PEI& (3%
5 min) ; 7EALALRE TR IN 3% BSA )51 i 4141,
TREA 30 min; N —HT TAEM, 4CH&., WA
PLTAEW, 21 & 50 min; PBS PE¥ (3%5 min) .
DAB ¥R, FHM: B A v 0, 3 R K & 1k R
N, TERASEE TSRS R A, BRSO BT 3k
FH Image J 1. 8. 0, B3k U] R 4088 A RILEF 3 A~ i e
T TH BHPEZREECE |
1.4 FitEHE

K HI SPSS 20. 0 et A4, BT A Bl 2412k H°F
PR hRifE 22 (ws) T, SRAE 3 RN i I HL
SERE AT, ¢ A A R) 22 5% e A4 AT, P<
0.05 NAGEIH 7R L, ] Image J 1. 8. 0 F A4}
TH FH: A0 T80 B e it S T 4T

2 #R

2.1 KTES PSI SE KR HI PD HAER

5T PSIJEHS 14 .21 28 K i i MK A G
TGaNIRZE Rl AR | LIRSS S W AT, PR AG KRR
FT R A T L, 53R R 5 14 K PD BRI
AR THE 2 J KR 5 3 B 20 /N ) 7%
Wi RE R YA 21 K, PD BRI 4K R
o7t LR 4 S () AR B, R FREE 10 ~ 20 min JF &
Wi AAE B kAR, B B AR, G, 3l
VEAR IS 25 A5k, 475 28 K, PD BT ZH 4 K B 45
G TG S D SR B AR B B KR
B4 BB PRI, BBk FLIC TR 7, SR A
A ELAE , FaR AT A 2 IR B B R AT 2
TRFRRZH R H BAR A
2.2 JBFFEIE

BRTESS PSI AT 24 h( EDSZERRT 24 h) Wik
FURKFAT A IR 3P4 i K8 A B i
X BEALVEXS L, oI B 4E 2422 5% (P>0.05) , 4T
PSI %6 14 21,28 K AMEHRIRIZH P4 K BRUCHFAT
HAE M BT m, S A, 2R 8% (P<
0.05), SEERHE 21,28 REIAIL B P4 BRI 4L A
T W 25 R 2 (P<0.05) . WLER 1,
2.3 BHEEXR

X B R BB S 36 17 4o AH X AR, PST AR Al
Y Bt B[R] 09 S DE 3 R BRI, 26 14~ 21 K28
T2 EAR, 55 28 KRR (P<0.05) , HAERIZH B 1F
IR A T E RN (P<0.05) . W3R 2,
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2.4 HE &

N SR HE Qe B8] Fr, 45 2R /s 6 B2
K SNe fiaoehim £ |, B K, Z B IEE
R MR g ik AT 28, ST BRALA L, 1
RIG] A AU A B, 358 0 pi 48 M AR R e, i
JOT 20 JEL 3 A= (e Jo 240 M P A0 T 2 A% s R, 2
JmBEIEE = MAIE) |, UL K Bl 2 oot B4 B
BRI A0 AR T, 55 T WS A% A A B X, [R) B i
HIRY e S5HRIH A s, WK 1,
2.5 Western blot iZ# M KRB REX TH 1 R
fiZzERARIE

55X R b, AR ZH PR 2 R RS TR X TH 3%
IRV S a-syn FRIBHE NN (P<0.05) , Ho g2 B

() TH 263k W E IR THAZ A (P<0.05) , #8144 B
1) a-syn FIRIG I m TREAIZE A (P<0.05), ML
K2,
2.6 REANLERNAREREX TH 1 o-ft
“EAREERIE

o ALY 8 )5 WSR2 TH B 41 B £ B
(ARAE  WFFE 45 SR B . 6 BT TH FHPE 40 i H
(39.33+£17.92) /> AL A TH FHIEAN B H K
(22.00+2.65) 4~ #EAIZH B TH FHYE4T L% H A
(16. 17+3. 82) A~ 5 XJ RELLAH Eb | A5 7Y 41 PR 21 K R
BTIX TH 3k W E PR (P<0. 05)  BAIZH B KT
FERIZH A (P<0.05) , BEHA M AL AU 2H B TH BH
MR EERR, WH 3,

R ALCHT LI LU (2s)

Table 1 Pole test scores of each group were compared

415 TSR TES A 2 TES A 3 A TES IG5 4
Groups Before the injection 2 weeks after injection 3 weeks after injection 4 weeks after injection
| XAl 6. 25+3. 55 6.33£2.77 6.31£2.73 6.69+2. 17
Control group
IR ] ;
*Ei'_ﬂA 5.79+1. 87 10.37+5.78 " 15.76x7.13 " 21.70+7.61**
Model group A
MR B -
Model group B 6. 06£0. 95 12.17+5.22 21.80+8.05 44.40+8. 05
e IR AR LL, “P<0. 055 S BIRILH A AHLL,*P<0. 05,

Note. Compared with Control group, *P<0. 05. Compared with Model group A ,*P<0. 05.
K2 ASUHBHELERIT AL (x4s)

Table 2 Traction test scores of each group were compared

415 TESH TR IR 2 JH TESIE S 3 8 TS IG5 4 JH

Groups Before the injection 2 weeks after injection 3 weeks after injection 4 weeks after injection

X A 2.53+0.39 2.53+0. 42 2.37+0.43 2.3320.45
Control group

IR 4]

i 2.600. 47 2.10+0.65° 1.93£0.63° 1.33£0.38°*
Model group A

SRl

B 2.570.45 2.070.60° 1.3720.55° 0.53£0.53°*

Model group B

T X HRALEL , "P<0. 05 ; SHEEI4L A A EL,*P<0. 05,
Note. Compared with Control group, *P<0. 05. Compared with Model group A,*P<0. 05.

1 HARFEREX HE 3t

Figure 1 HE staining in rat melanoregion of each groups
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T SXH R, "P<0.05; SHIEI4L A A1, *P<0. 05,

B2 KREMFEX TH A o-28 ik 5 1 R
Note. Compared with control group, *P<0.05. Compared with model group A, *P<0. 05.

Figure 2 Comparison of TH and a-syn in substantia nigra of mice

3 kBB TH AR

Figure 3 TH positive expression in the substantia nigra

3 Wit

PD Zh BRIl 55 ik 2R 20, Mok A 45—
SEIE, S PSR ER A £ A S AR 6-
OHDA HERURNBERALAZE PD B BT A Jik B Al PR 45
TE, EERAAAE DA BERZICRYIE N TiAS DA fE
ML ICH T, (B ST B K N &Y (B 5 /)
)" 6-OHDA AR5 PD A3 ey Al X, 40
RIS 45 b IS 1+ X s B0 MPTP A5 Y
2R A B S AR Y PR B T R T U A R
Gt B R TH #2800 2% {H A DL S 70 ) %
Gy /IR A R R S A B I e 2 4T i AR
U AL o A (X P AL & Pt 5 R TE 32 1 A2
MW S SOIRR RN 200, XA FE PD A IE
ARPLTILET SN B o R A DA A
FH BRSNS TR ) 2 S BUR T 2 B RCRE R 40T
F R R (ENE RN oW A I a1 51 R <A
i | E R A A 2 B EUR BB TR, N B AT
HARER G FHE Y

WK PD &S0 )G B4 40 h iz £ -
BRI ARATAE G M NI RE B IG 7  aX Se I AR % BY

AR T 5 1 1 A ) R0 B — A Sl AR A
R Z AT B 1 A 0 o) 700 ok A0 L 8 1 AR
A, A TSR BT DA REANIE % B B /IMATE B
FIAT R RRER ) pl A 10 R 0% fok 2 P9 R M 2R
(N ) R B 2 B2k, T &2 1l
T PD I LEURE G Z —, g T BT 5
KFE,

BB B AN E 705 S0 PD AR HE DL A Y
FER G ARG E A JLA L 4, McNaught 2512
WA ST R B AR R IG IT 45 1k S R 248
Je,—H 53, M B Akt 7 el ge g B R 4R R
LUK, B B ) 50175 00 b 22 AR PR PR T R o
BURMK R G0, iS4 45 HoA 25 4, T B o B b 2575
iz A% TG 9N [C IR IS A%, iIX S 254 5 PD 5
Ko BB ING R B SNe Mot , HR R i
BN AL i 28 5 Mz Bh A% R BT % S AR AL TR
A, BRIt 28 T RSB 5005 S 1 PD K BRUBEAY L
HoAth AR R T AEAE 45 NS PD ARG ERAE, T Tt m]
DIAED A 5E v 250l iy 35 3= ] e 2 2 Bl i o) Ik
NHERPIE A

AW E B R S PST B PR SD K
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AT PD il . ©AFGEUESS, PD i3 sl ek
(A 7= A R LI T TG 3 G I L SR BT DA Rig bl
ZICERFR I M S BELE5 SAIE I R 4k
a-syn J& PD MEZERE, 78 = RIA 0 a-syn GENE
Sl PD™ ) TH 4 DA A PR i, 76 Kk 22
T R R, TH R il Hi15 DA A iz iRe
FPD W FEIFH ; It TH J& PD &ML Y O
B N, a-syn ANPGE IS HIE] TH B9 Serd0 BERR 1k
AW TH, 1 ELA 3 1 00 % R IR R il 2A 16 Mok
Pl TH, s> DA & 58 PD, HIL, XF 22
JEN a-syn LUK TH Rk K-S T4, AT 4fE ) DA
REAP TR S & i Ik il A8 PST FTifs S PD
R A e s AR

AR S 7, bl 25 1 5 5¢ B s ] ) 2E
AR 2 R 2 K ST A7 s (1) 328 97 A | Ak I (1) 326 347
502 JAJE B AT IR %% R AN A AR
KE REESER, A3 RS MK R E
A FRATE Ry B 5 3% Bk b, S fE AR % 1 5L 4 S
JEBRI B KRR 2 B AP JE B, R AR AR
g, FIRFEIMIFI], PSI Bz T ¥ 5 AT 3 ik B
PD FEREIR , #5570 41 K BB AR B i fig 1 WL L Bl
RPEE BB RE T B W g R R, SRR
A LR BT BT R R K PSI R &S,
(27 S B S s SN i D =1 S S E R A O 1 TN
HE JL (A F1 Western blot #5545 5047, 4525 4 Ji 5,
FRAIZE A %t BE L P2 /R TH Rk Wt A1
a-syn [F6IK W F WM, IS TR A 17 022 K&
FRERAFRFE B PD K ERABEAY TV 5 6 me/kg (WA
BRI B REVIRSMCT, S5xF R A H, e H 25 1 B
7~ TH BHPEGNME 2 208 0 | a-syn 7535 (P<0.05) ,
DRI AT DA SRR R R K B T 3 me/kg, 120 PD 1844
L ) — i As ME, X — WF 5% 45 2R 5 McNaught
D) SR SR ) PSI(3 mg/kg) K B ST, %
SE 0 JE il B AE 5T 45 AL, McNaught 255 LI
1.5.3.0.6.0 8% 12. 0 mg/kg BIFI 25 R BRI SHE T
70% ZBEH PSI, IEAE PD 43 32 EAUIEEE] 1.5
3.0 mg/kg FHEH) PSI L HIFT MR (GEAL) o
M 5& T K 4T PSI 5 v] 5 R SE T2 o i
FIEAJT DA REAHML % 2 A i, B Hofh A
A 2 X 88 & B, Boveé 2514 AR WG 5 25 Sh ) 4
I PSI 3.0.,6. 0 mg/kg HIANRE T A AR 1T M
a5 B 2% ok A8 . Bukhatwa 2512 WA K fiE 95 35 3
McNaught 38 AR F2 B, SEH0 R EL PSI &0 8 |

12 F1 16 mg/kg K2 T ESE S PD BIR 5% 4 AH
o, R TH BP0 A B b (B
PSI )5 B3, TH FH4: 40 B 54 453 2 AR 15 A 4, B
i, HATE 8 mg/kg BEA A Geit2i 2 S, R A& 3 pf
ZICH B BEE PSI AR i s

PSI BA S K E=4: PD #UBRRAEVERT , &2
W5 E B2 McNaught 555 5256 7 5 i .45 21 40
[ A5 5, AEATS A 38 0 55 56 2 7F 7™ 4% 4% I McNaught
D) S Iy ik EAT SR I AR B M R 25 5 O e
WELE J7 ¥R B AT SE M, R IR SC B 8 2 T McNaught
3200 ppay Sk PSI S PD B BLZE 3
mg/ kg T2 _FaEUE EY  FE R b A
S T AT A2 SR NRT S0 L SR 0, A
BTNV SIS F R KLE T, LIE 2245
TN bR, TEUESE PST B 1S K BU™ 2 PD
HARVRRIEAE R W R B E— 25 23 Fr T PSL %R PD 3))
VIR 200 PD SRR AR . BT HEAER
i, AR 3.6 mg/kg VEMHERIZH | RS A
PR K AT PSR & X L SE g i 5T, R H
AL = 56T PSI 125483 77 2% th 8 Fns) it 5 3500
Z IR R B | J5 22 wh BN PSI #EAT 42 1H 19 24
R T12 08T, 20K A B T8 2 8 A4 AR MEAE 5256
2 [ AR PSI ) — B 1 — S8 A

ZE LR AR R BUAE KR 5T PSTE R
KE PD A fRAF A4S T PD Y B ARAE , [F)
Aoy P 5 v 4 T A A7 7R B2 L TH K BRI, a-syn
TR AR URIE AN R FH B B AT S2 34 Sk K
T MR G TV AT R 25 AR 28 22 5 s
AHEEDUE, XX PD 1 A& L] g 3 2 55 2838 o
AR 5T A R I6R TY T3 3 FRCSE 1) ol 3% ] /e = AR
TR FR 2

S 3k
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miR-4539 18 ¥ VR T 3k &7 2 1 #0)
JE ot 98 20 it A K 1) SE B AE 5

EERLEORLEEALK N
(1R R B Bt , DU 1R P B e b i R e 2250 BE, AR 5101172, PUJIR“A4EPY BR B, AR 510117)

[FZE] B8 H5 miR-4539 30 i 5o 4 A K AR RAREHLE . 3% SR RT-PCR AR i e 5
FAPRAS N 7 BRI B B R o miR-4539 19 FRIAKF, KT CCK-8 75 i U L% Western blot 44 miR-4539
TEIRE SR A VE R SR S R RS 96 96 UF S Sk & S T 1(Foxpl) S5 /2 miR-4539 Ay B M08, f gt
ISR AR A R 1) miR-4539 $LYet/N BUMIE A K I HIER . R (1) miR-4539 7R T4 21 1) kK
TS AT IE 5 41 28 (P<0.05) . miR-4539 £ 7 A& FH 4 A JB8 5 984 400 Jif = (U87, U251, U373, T98G . LN18,
LN229 SF295) Hp i) & it i 3K A 1 & i B 5 41 gt HEB (P<0.05) , (2) 5 miR-NC 414 H. , miR-4539 %% 4
72 h Ji7 , T98G AN LN18 4t g ' miR-4539 #Y 33K K48 & 3 34 i (P<0.05) . CCK-8 4 i 7, AMJE M miR-
4539 3t F K AL EIH] TG A1 LN18 Ry HA%E . [FIRT 7] 1755 T98G A1 LN18 4fi i & BARH ¥ , GO/ G1 4 i 43
SRS BHANM T 43 2R AR, EL4H 8 391425 3 1 eyelinD1 (eyclinE1 1 Ser780 (19335 7K - i A% ( P<0. 05) .
(3) IE B 7w, Foxpl & miR-4539 9 ELHEHE 41, I 9% miR-4539 B #2045, R0 T98G AIMi)5 6 J& , miR-
4539 g 4] /N B AR E Y AR SR B B /DT miR-NC 4 (P<0.05) ., (4)T98G Fl LN18 4iljiflid FEik miR-
4539 J7 ,Foxp I mRNA FZE [ A HB M RRAIL , Fo0E 545 TR , miR-4539 FEAIK T Foxpl 7£ T98G 4@ F1 LN18
iR R RE, i miR-4539 RLEEH AR AT Foxpl & HEIE R F2508E , 45 8 R A TG Je 08 e 5 12 W D3R
BRI

[ 48] MR s miRNA ; SOk &R 1 1

[RESZES] R-33 [ EkFRIEAD] A [XEHS] 1671-7856 (2022) 05-0091-07

miR-4539 inhibits the growth of glioma cells by targeting Foxpl

WANG Hongxin' , FU Su®, CHUN Xueli®, ZHANG Fan**
(1. Chengdu Shang Jin Nan Fu Hospital, West China Hospital, S.C.U. Neurosurgery, Chengdu 510117, China.
2. West China Hospital, Sichuan University, Chengdu 510117)

[ Abstract]  Objective To investigate the inhibitory effect of miR-4539 on the growth of glioma cells. Methods
The expression levels of miR-4539 in glioma samples and 7 glioma cell lines were detected by RT-PCR. CCK-8 method ,
flow cytometry and Western blot were used to detect the role of miR-4539 in glioma cells. Dual luciflucase assay was used to
verify whether Foxpl is a direct target of miR-4539. To investigate the inhibitory effect of miR-4539 transfection on tumor

growth in mice, a mouse transplanted tumor model was constructed. Results (1) The expression level of miR-4539 in

[1EE®IT] EEK(1988—) , 20, AFE  WFSET5 1) . MR8 BE T I . E-mail : whx20212020@ 163.com
[BIS1EE kML 1984—) 55 4 BT 7 1) . A2 R T, PR AR D BB A% . E-mail ; neurozhangfan@ 163.con
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glioma tissues was significantly lower than that in normal brain tissues (P<0.05). The expression level of miR-4539 in 7
commonly used human glioma cell lines (U87, U251, U373, T98G, LNI18, LN229, SF295) was significantly lower than
that in human normal glioma cell line HEB (P<0.05). (2) Compared with the miR-NC group, the expression levels of
miR-4539 in T98G cells and LN18 cells were significantly increased 72 h after transfection of miR-4539 ( P<0.05). CCK-8
showed that the overexpression of exogenous miR-4539 significantly inhibited the proliferation of T98G and LN18 cells.
Meanwhile, T98G and LN18 cell cycle arrest was induced, and the percentage of GO/G1 phase cells was increased, while
the percentage of S phase cells was decreased, and the expression levels of cell cycle regulatory proteins cyclinD1, cyclinEl
and Ser780 were also significantly decreased ( P<0.05). (3) Luciferase reports showed that Foxpl is a direct target of
miR-4539 and can be directly regulated by miR-4539. At 6 weeks after T98G cells were inoculated, the average volume and
weight of transplanted tumor in the miR-4539-transfected mice were significantly smaller than those in the miR-NC group
(P<0.05). (4) After overexpression of miR-4539 in T98G and LN18 cells, the expression of Foxpl mrna and protein were

significantly decreased. Immunofluorescence result also confirmed that miR-4539 reduced the expression of Foxpl in T98G

and LN18 cells. Conclusions
target for the diagnosis and treatment of gliomas.

[ Keywords]

G2 I 96 2 A N i AL 1 DI S B e
ARG LT AT AR IR R 3, B & LU 19 25
BIRITIR R (ER R B W A AR R I I B 3 42
T U A A R Y TV TR, R
R I R R AR AR (GBM ) |, B35 A P v A A7 )
ICR—AER R, 38 D)5 BT & T A A K
A YIbRE YK B AL W R YT IS B . miRNAs
P VR M A JE g5 /N RNA 43T, 294 18 ~25
AR , 18 33 5 0058 RNAs(miRNAs) 3 -JE Bl
X (3’ -UTR) B HANT NG54, 15 555 R FL 3
PR B 1EdE 26, miRNAs 7E4%
PGS I h 4 2k, 9F 2 5 Mo kAR R
TR s AT A A AR 2R LU A B
FAR T 2 Nk B B v & 3T LA BUE A
JE B miRNAs, #l miR-10b"  miR-30"  miR-203""
2 IXUBERSEAY miRNAs 7] LAVETE HUPE oA R A
Vs ke 2 W FN B 9 R 1 | B30 AR R
Xof 2P i 98 PR VA T RS 1R A EOE T miR-
4539 e B TR i E SR AR D R, AR ST 4 )
T miR-4539 i1 e o3 40 A A K B4 350 B AH S L
il DAS Ay fii Je Jo 98 1) 32 e 16 97 B At T 2 0 AE Y
UYL,

1 #efnrE

1.1 SEIEHHH
L1.1 SEsh¥

SPF M G 3% B R B ( BALB/C-null) ,4 J#]
1,20 H O IRE 20~22 o, M [ b5 2k 38 F) 16 5256 50
Y1 ARAG BN 7] [ SCXK (5%)2017-0033 1, 1A 3% T

MiR-4539 acts as a tumor suppressor by targeting Foxpl, which is expected to be a new

glioma; miRNA; forked head box transcription factor 1

R 2% 3 4 S 36 0 [ SYXK (3)2017-0033 ]
SR WNIRFEZIR 25°C  HEXHRE R 50% ~ 60% ,
H 12 h /12 h BIwE 28, 5% 50 w3 I PR 53 1 8
SEHGF ST IS A4 B 3R R, B S5 T R i AR A
AR SLG sh e BEZ 51 2 | it (IACUC-2019-324)
1.1.2  HBUEAR KA R

i Jz T 98 R85 B B g 21 4L 3 3R B v 42 4
B, e s o R bR AR B AR 5 ST BN OR TR, TR
FET-80°C HHTILRIRIL . P A M LA 21 B 2=12
B FR 6 28 56 = B 1 AR 28 B 2 GO R TR T
A LR b v I ST RE Y R R B E R A Y R
23RS SR, 8 A AR IR 1 ik 20 SR AE 5C i
B BET A N T) 58 B 1 00 T 3 e A4 4 TS 4R A5
(1), I HBIIE S B A o] STl g B4R 5, ARHIESE
p P B B R 2 A0 B 2 L S b IR 5 4
Mtk HEB A2 ki fi¢ 98 4 g U87 . U251 ,U373 . T98G
LN18 . 1LN229 Fil SF295 ¥ [ 3% [l $1 75 5% 5% 1) {4 i
Hls , FEER AN 109% Jify 2F 1L 35 A 75 55 2 /855 K (100
U/mL) ) Eagle’ s ¥ 3R Jep 85 37 0 4B AE 37°C &
5% CO, MFEFETINE .
1.2 FELFSMEE

M AR ( L W AE R A R A A
MirVana miRNA 857 & ( i R AR A FR
A R B o RS & (2 Santa
Cruz 3] ) ; Annexin V-FITC TG 0205 & (b5t
R FERHABRAT) ;BCA & E XA & ( Lif
Pt Y TRA R A F]) ;5 eyelinD1 25 H | cyclinEl
[ .Ser780 H [, Foxpl % 12w (L EHE
W) F]) ;TaKaRa RNA PCR 5] £ (7 5 i MEHE
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YRR AR AT o S5O0 E 1 A MEbE
SV ( polymerase chain reaction, PCR) { (Bt JH{# H
BHEABRA D) 5 62 BAEE ( H A Olympus 24 #] ) ;
Western blot & B LKA (AL 7S — A PRk A BR A
Al) o

1.3 XEWHE

1.3.1 RT-PCR #&:

RT-PCR & &M AR #& MirVana miRNA 5] &
VLA A48 2D BR AT . DA VR 1) Ji Jo R 2H 2
G IR 9 4 i 22 R B BUEL RNA, T 5E RNA e, &
i cDNA J5 #5175 520 PCR, LA RNU6B 1 Ky N U8
PEXT R AR IR R L 2O TR I . P miR-
4539 FE YL FORE AN S Foxpl mRNA Fik g8 {k,
K H TaKaRa RNA PCR {7 & fil SYBR PreMix Ex
TaqIl i # & # 17 cDNA A& B M 5E B %E # PCR,
GAPDH fE R EEXT IR, i I M3 3 K,
FH 2789 B M D6 L ) mRNA 383K B A X 8 B
1P E WA 1,

1.3.2  MEeaEaiR  Bohiig g J i &

M miRBase £l 5 3815 miR-4539 B34 )F 41,
FHBR & P U1 EcoRI £é 1k GV217 2R A& ( Ubi-
EGFP-MCS) , & B miR-4539 ¥4 1) Bt %
A GV217 Ry Z b7 &8, i H HEK-293T 2
UMM, SR NG A 2000 HIE 6T . 18R EE AT
-8OCHRAF LB, J 17 SC B S ] 3 638, K A
FoxplcDNA FEfEE] peDNA3. 1 Ak, B 4
Jikk TOSG ZiAE AN LN18 4470 T 6 fLALH, 24
YRR G IRF) 30% 0, 43 5 1 wL 79 miR-4539 18
R (R :3%10° TU/mL) 8% 1w (180 75 4%
IR RE :3x10° TU/mL) JERYL AN AE, JRYLS 14 h 3
WM BE SR, 3l TG S 24 .48 .72 h AR E
TG B 2% U A Rk P s O A
(GFP) YR IXIE N, PP FBR L ROR 5 R 5 72 h
TR R IR KA X B, TR B Y 42 g o 44
3000 % Yuil ) FZ U T,

1.3.3  /INERURSE R 4G A T 38 A
ANER B B A R AR R AR T, A BRI

Ko Wi R g YL 1Y T98G 4H Ml ( miR-4539 F1 miR-
NC) #e 4 0.2 Z T 5x10° A By 2% B 1 55 21 48 KUK
T AR RS RO g R 1 G AR Y
=(Dxd2)/2 5 MEAR, Hd D A K AR
(mm) ,d HHEEEAL(mm) , 6 i EFE/NR, FRiE
Jieoes o g R

1.3. 4 WEOCRMEE L5

HEK-293T 4 fifg LABEFL 1x10* 40 iy 2 B $ fp T
96 LA, #F 3°-UTR ki 4% Y HEK-293T 41 fifd,
FEUL 48 h AR UM ) FHORUSO G 3R Bl
OIHT RGN 5 R WG . K AT Y Renilla %
SR BRHE M TIH— 1k VR R JeCR I T R
1.3.5 CCK-8 Al S i =X 24 a4 Iy

CCK-8 il . K5 7% 24 h J5 W EESE Je A il , B %
T DMEM 1, L 3x10° 4~/ FLH % FE 2 Fh T 96 LA
o, THER S ASEINE]E (0,24 48 72 h) Kl 2
HOTH GO, 16X BeRs 2 AU IHR], AL INA 10 pL /)
CCK-8 WIRHEATREM . 7E 37°CHEHE 2 h J&, 7F 450
nm Kb 2 65 BE (OD) {E, I =X 40 A A . v A
Annexin V-FITC JT K50 &AM A0 g8 T %%
YeJ5 48 h AR IR IE AL AN, K PBS Pk, Kk st
A0 R TEAE 100 wL 4SS g, 3FH 5
pL Y Annexin V-FITC F15 pL AL BELLBE, 7E
ARSI 20 min 5, P X A0SO 41 i it
155397 6
1.3.6 Western blot £l

WA A A 40 S B BUS EE F1, BCA YA E R
WEE, IRA LFEGEM, B AR, Uk I
B, —$/ "W F.ECL ¥ W% &%, Wi
Quantity One # {4 70#7 2547 38 B2, L GAPDH A
Z K cyelinD1 £5 H | eyclinEl 2 H ,Ser780 K H |
Foxpl &R IL,

1.4 Sit=EAH*

K SPSS 20. 0 G it #4443 b b B , T o
BORM LI Y B R 22 (s ) A, ZREA TR
RECECR T 2200, IR A FL R T SNK-¢ #62
5., P<0.05 NZEFAGITFE L,

F1 HBEEREBTIYF

Table 1 Primer sequence of target gene

HEH IE XEEF 5 S ST 51
Gene Justice chain sequences Antisense chain sequences
Foxpl 57 -GCTGCGAAGTGGAAACCATC-3’ 5’ -CCTCCTTCTGCACACATTTGAA-3’

GAPDH 57 -CTTTGGTATCGTGGAAGGACTC-3’

57 -GTAGAGGCAGGGATGATGTTCT-3’
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2 R
2.1 miR-4539 7R REH LA R RIRIE

RT-PCR RHll &5 s , 5 1EH Mgl 2 R e
ZHATH miR-4539 119 3% 35 7K 7 B i FE Ik (P <0.05)
miR-4539 7£ 7 A~ HIR BN SR 4L 2 (UST U251
U373 198G .LN18 .LN229 il SF295) rf e 1k 12 B A%
T NIEH I ARk HEB(P<0.05) 14 1,
2.2 miR-4539 it R A& X FRE A R G A TE A
Al

5 miR-NC dAH Lt , miR-4539 411 () miR-4539

FIKKF- OD,5, 7E TOBG 4H AL F1 LN18 4t il rfr 35 B
WG (P<0.05) ,EDU L4558 /R , miR-4539 #%
YLy TOSG 4L A LN18 4Ly EDU 48 AR AR
TR ) miR-NC ZH 408, 151 2.
2.3 miR-4539 Jzt 5% 3% XF B J5 988 20 A JE) A 9 =2 i
5 miR-NC ZHAH H , miR-4539 2H GO/G1 141 fifg
ARG, S W41 LA 43 % & eyelinD1 | eyclinEl
il Ser780 # R IA YW WREAR, 22 5 A G it 2 L
(P<0.05) /% 3,

B 1 miR-4539 7& i FRd 4l 23 e AR 22 g 3k

Figure 1 Expression of miR-4539 in glioma tissues and cell lines

7 A miR-4539 AIXF #5355 ; B miR-4539 X} TOSG 4H il A1 LN18 4H Jfa 3% 1 (521 ; C: Edu %2 (6K M miR-4539 %} T9SG 2 fit F1

LN18 2 3 5H (1520

B 2 miR-4539 jof 32K X e 5 8 200 L 46 405 1 114 B2
Note. A, Relative expression level of miR-4539. B, Effects of miR-4539 on T98G and LN18 cell activities. C, Edu staining was used to
detect the effects of miR-4539 on proliferation of T98G cells and LN18 cells.

Figure 2 Effect of overexpression of miR-4539 on proliferation of glioma cells
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A YIS T A5 LHANME GO/G 1 AN S HHLNME B 535% ;B : Western blot #6045 20 J& 3 26 14 ) 6%
B3 miR-4539 i 3 1k X i R 41 A JE 9 r S

Note. A, Percentage of GO/G1 and S phase cells in each group was detected by flow cytometry. B, Western blot was used to detect cyclin

expression in each group.

Figure 3 Effect of miR-4539 overexpression on glioma cell cycle

2.4 Foxpl 1E24 miR-4539 R EHZEMAHLE
5 pGL3-FOXP1 3’ -UTR-mut/NC #{ It
pGL3-FOXP1 3’ -UTR-mut/miR-4539 ¢ % B i
PE R, ZRAGITFE X (P<0.05);
pGL3-FOXP1 3’ -UTR-wt/miR-4539 5 pGL3-
FOXP1 3’ -UTR-wt/NC [ 5% 6 & i i 1 JC B . 2%
5 (P>0.05) K 4,
2.5 #Z miR-4539 /0N FR A & K I HI1E A
miR-4539 ZH# UM T 7% AE 98 1 X PR U b 9
B I AT miR-NC 4, Z R A 5=
X(P<0.05),K 5,
2.6 miR-4539 XFF: R AR+ Foxpl BIVEE1E R
5 miR-NC ZH 4 [, miR-4539 20 T98G #il LN18
JK FEIRE 2 M Foxpl mRNA 2K 1 52 35 7K - 44 B i
AR, 22 A Ge it 7 L (P<0.05) 5 e 9o B
K, miR-4539 [ T Foxpl 7£ T98G 40 i Fll LN18
YRk E 6,

S|

#:1:pGL3-FOXP1 3’ -UTR-mut/NC;2; pGL3-FOXP13’ -UTR-mut/
miR-4539; 3. pGL3-FOXP1 3’ -UTR-wt/miR-4539; 4pGL3-FOXP1
3’ -UTR-wt/NC,

B4 Foxpl /FJ9 miR-4539 Y EEH0 5 A M E
Note. 1, pGL3-FOXP1 3’ -UTR-mut/NC. 2, pGL3-FOXP1 3’ -UTR-
mut/miR-4539. 3, pGL3-FOXP1 3’ -UTR-wt/miR-4539. 4, pGL3-
FOXP1 3’ -UTR-wt/NC.

Figure 4 Identification of Foxpl as a direct target for miR-4539
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5 YL miR-4539 X/ B A= K4

Figure 5 Inhibitory effect of miR-4539 transfection on tumor growth in mice

;A Foxpl mRNA #iXF 25 & ;B Western blot il £541 Foxpl 3R ; C. SRESOEHIM Foxpl KL,

B 6 miR-4539 X B AN Foxpl BYFTENEH]
Note. A, Relative expression level of Foxpl mRNA. B, Foxpl protein expression in each group was detected by Western
blot. C, Foxpl protein expression was detected by immunofluorescence.

Figure 6 Regulatory effect of miR-4539 on Foxpl in glioma cells

B AT AR B4 LA e d A0 A, X sk
JHHY miRNAs 8 E B X2 W7 A B0 3505 LA S i

5T B, miRNAs 764 Fp A SJE Pl I8 ORI M i &30 7 TR A M E, 2R,
AT HR I DR 2 Tk KO T & A5 R D B R R T miR-4359 78 I R R R I PR R RN AR o S RE i
B E, W miR-141, miR-196 , miR-155, miR-34a,  ANWERE, ARWFEH, FATA B miR-4359 7818 598 41
miR-326 il miR-184 # KM S5 T I B 4 fifa s ZURIZH A 2R rb %) 2 28 B I ALK 76 S b Jeg 2 i 21 2%

3 e
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oA R A Rk, XS gE IR miR-4359 T fiE
Ay — i Jieb 988 0 ] DAL 7 1 908 YT s TR ) R A
R, F AT THE— 25 PEAS T miR-4359 X Jie JoiJed 40 it 38
FEEYSEI, 45 2RI miR-4359 1t ik ] i E 4 ik
G T 968 200 6 184 B 75 5 200 L ) 0 L e AR 2 400 i O
Too FATBER I miR-4359 TE A4 P X Jist 5 988 41 i 1)
B A I HIE

TR RE miR-4359 Y R R AR K B HLD , 3R
A4 F 2 FF 1T FH A 7E 26 88015 ( TargetScan , Miranda #11
PITA) T T & 1Y B AR, I3 2 S0 7 5 4 510 43
B Western blot Fl1%¢ )t Z [ 43 #1 e & 22, miR-
4359 7 iE T A L A Foxpl 78 5 5988 41 Jfd o 1) 22
ik, Foxpl Jf& Foxp %% 55 Kl [F 5 R B i B, 4045
43 N ANEELH S 55T A DNA 842, IF7E R
PERN i B & B FURRE & AL & 7 G S AR
FH. SHAS G B UL, Foxpl B ZF/hIhEE 4
WIPEAT B AR & B L B A AN Ak | £ 20 B T
Rl B4 Beah RS 4 28 B AY AN TR, Foxpl
AR A9 ik 9K 2l PR a8 i g 40 o T 2 5 0 4%
T NZSREAE R K A2 . Foxpl FOZEIA B B 4B 7E
JURNR R SR B op |, dngt s Al i
YEAIEFE N, Foxpl 7E B 20t bk EL 988 v e il
PR IHT 23RN, Bl —IFsE R 1 B 40
JH bR LR 235 L i A P 0 B R S A [R) 1 N DS IR E
H1, Foxpl J& Wnt/B-catenin {5 5 1 % i % 5% 3 5
T BRI, Foxpl 78 IR % A v B4 FH B H A i
FP IR R B AR Z H b Gomez 5 N &
PR, Foxp 15 3% 1K Tl 7 Jie I B 40 e 3 FB o A A7 R
I, UUER Foxp 114 3% 25 D) m] 41 o ek %) A K, BRI
Foxpl ] BEENN BT e 1) T LR Ve, 72
A5, 384 RT-PCR il Western blot 0 % PR,
4 T98G Z A LN18 Zfi i %35 miR-4539 J5, Foxpl
mRNA FIEE [ 2815 #0  2 FRAIK, 33 3% B 7 il ¢ o 974
i, Foxpl A] #% miR-4359 H 2 %0 =) 3~ 7, JF H.
Foxpl 7EIHRE 55 T miR-4359 45 1) e 4= K
i, 18 miR-4359/Foxpl X HAKA) T g5 5118
F AT A I — 5T

ZE PR AR ST & L, miR-4359 i i B %
LS T- Foxpl 142 3R il ik 2B 4 0 i Jie I
JEANMEREEE, FRATAYLE FAESE T miR-4359 7£ i 5
S T Sk — b b 40 M miRNA AOVEF, IF$20R
miR-4359 1] BB BLATRYT IS BT 1T L A

SE Lk
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Construction and management experience of laboratory animal

barrier facilities; Case study of specific pathogen-free barrier

facility for laboratory animals in the School of Pharmaceutical
Sciences of Guangzhou University of Chinese Medicine

CHEN Qiuhe * , LIU Xiaoling
(School of Pharmaceutical Sciences, Guangzhou University of Chinese Medicine, Guangzhou 510006, China)

[ Abstract]  Laboratory animals are important in teaching and scientific research, and qualified laboratory animals
are an important prerequisite for scientific research. The establishment of scientific and standardized laboratory animal
barrier facilities provides specific pathogen-free laboratory animals and platform support to carry out animal research. This
article discusses the specific pathogen-free barrier facility for laboratory animals in the School of Pharmaceutical Sciences of
Guangzhou University of Chinese Medicine as an example to introduce the operation mode of the laboratory animal barrier
facility from the aspects of construction, management of regulations, personnel training and management, sterilization and
cleaning, and waste disposal. We also propose relevant solutions to common problems encountered in the management
process. Finally, some opinions on the future direction of laboratory animal barrier facilities will be put forward to provide
significant information for the construction and management of laboratory animal barrier facility.

[ Keywords] laboratory animal barrier facility; construction; management experience
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Wy sh 4 e H A E PR R 8 s, # S AR e
b Bl2Ab BISE Ab A 52560 3h 9 5 B it T 42415 SPF
KLK Y I HIF LB YRR A
PR

UEAER Bl A i Bl 2 | S 24 SRR I TR e
FHSCATIAI 5 BT AL , 45 v A S BHIF g T %o 52
S0 R I S 5 Bl ) B 1A it %) 7 SRk
L R T HE— 2 TN v s 2K A 2 A B
TR A BBHIF T R, Hh 242 e 48 55 35 4 1) i S0 o
7 PBEAFHEIE, T 2018 4 HE A 1 5256 51 4 i b 15
Jiti, 3T 2019 AFHUS ) 23 48 BB T A% A B4  SE 56 B0
YRR, LA, SRS TR R
Uf-, R e AR 7T BRI T 22 A (8 R R 6 FE )

1 LM BRREIE BN EIRER

1.1 BE#EEHER

S B ke it 7 S50 3 it AR R
FIYEY (GB 50447-2008) HUHE ST , 76 A 18 S 56
M SERE T SR P BGE JBR (T ik JEE A
YRR ) Bt BE R S8 KRR g Pk
R FRE SLIERAE R B R A A A I
AR E KEE DR R G LI A E, B
FURIFL 274 m®, J B 1 it 3 1A 58 BE K2 R A6 AR %
IR AL AR, i THT R FH B R PVC A, 18 RE 5
ML R AR & S RHERE, T i Ko
BRI SE56 T, 12 B B 3 it LA 9 s 9 1) Sy oot
ZEATRI A3 RN R % X3, I 18l 37 4 9 KR
i W XUk DE] KR R E R E, W
FRE B A AL KIE L (TVC) /NEIHEZE B FRF
THERERIBCA W S TAE G OKAE G 5% i
A K AT N LSRR B

Bt BE R GRS ECEL TS R 40% ~70% , T
JiE:20°C ~26°C , 25 A - T 90 e OREL: B/
F 15 ~20 UK, 54038 57 8] 1 /N FE 2% . = 10 Pa,
FWTE <14 mg/m’ | M < 60 dB, ek T/ IR
200 Ix, B WG ZE B ] 12 h/12 h,
1.2 FEBERRGREE EREZS

S5 B4 Bt 1 it PN SR T G Ve s TR R B
BERGHWERTAIAA R, BEIHA 4 &5
ZSSEGAHL, 2= AR PR B RGS EHEAGE B
Vit , i B ot 9 2 XU L T R AEAR P e % T
SEEATS TR 1A HERUE B i 0. 25 m, A HE
NGB H B R A BB, X 1At P R
TR R 22 5 SR ATIE %, WA SR K S 4

I, MR KR GEIE #1817

F T2 PR B A R O e it P A I a2 i
SO PRI S B i, Sy B0 5 8 b I 4 i) KR S5 e A
WOt N HLE AR T K, L% 28 0 2R AT BRI 4 55
B A KRG E IR KB, RN, 453
AR R TE AR ARk BN GRS SE I WA, I
S, BBt N BC A 8% Bl A Lt gERIL, 7 i SE g
N AR S AN SRR 2 | i e[l

2 LRHYMREIREEESE

2.1 PEIEHERZIERMES EFIRIENTE

SEIS Y R S BRI KA bR e, IR Es A
2EBESE BRSO, i T — FR 5 AH 5 A A B R4
PERURE) B AFE( SL56 3h W 5t i it &l R
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RGERAE AR ) (L0 30 57 B 1 it 55 35 3 )
TSRS (NG Y St 5L 3l B R
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TR B S B 4 o B A gt N B K S s
AR DL, ZERAE BN D B A 1A T AR ARG - S 37t
P SR AR S N 51 7E H i o0 9 52 56 w44
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K, A L A BEBEBEHE Y 3 AR B ik 24 B R 7
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B, AL 1, 5 ANR ST 20 min J5 R E E
NSCH A R AEIOF AT 5~7 d BIKREER K&
& B SRR AR 35 = A T 3R A L N sh &%
R S50 B W B B it , I M TS 0 DR A A 3R
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wEEIT,
2.4 LRHYMRBIEHEAREZEITE

A P 2 S0 3l ) o P it ) R R AR 2 —,
SR 3 K AR, ™I4S B4 Be AR IE S 808
BRI BRATTZERE T I A TR T g B A PR
] 1Y KB FL2s KR g, X A SE 50 3 ) 5t e 15 it i
R R S AT R AEROK . SRR, S A
BN T A% iz WEBLR A ] 75% £ W5 5% 1 B 7K X AE
B LT REARA O A AT I IeAh, B BN B A
5 Y B 7K X M Al 358 1T i A7 48 9, g B B T
Ja SAMT RS 1 h, g W M B GBS 1R
HAEAT R M HE SR/ O REm E E N
23 AT IS R (B A RIS R K A AT B )
X}Fas 5 KR Gt , A FE o X0 gE AT 4 B
FEHER T AT PR 1k 5 %5F 23 8 LA B 2 90 4 &) 3k

TrREIE Ve, 25 P98 KUR SR8k TP, S 8T D A%
AT E SRS AL W AR R T AN R], BE R
[) A 9P 7 K =2, % T o L v e B T R AR
GEH A HORE B S IR S5 SR R 28 ROK T e it
1T 121°C 30 min AR T KA 5 X T AN e i s
ARV 55 B9 ) 5 S RS T 7 S A R A R
530 min AT K ; R T R B A | F8 20 5538 1 1
FRINTE T SCI B W R B S i A S 56 3 4 3
IR THAE R LK AR A E R bR,
2.5 BYMPEREFIGE

T LI 55 A B, 7S S 55 3l ) o i 142 it AN 2
W ELAG SRR G M S A O S B, B P R
THREE I -20°C vKAE 0 5 22 e sh i oo w4
22 PR L A& FH DG B Aol B — iR AT G E AL AL PR,
g AR AR R, R E TR E T, 52
T TS ERR | 28 Hh B A AH DG B i 1Y 2 m) G2 — kA T
Qb 5 EA T B TR | W R AR R AR
JESrER BT DB FESSLRIE YA H A&
AT BT A Rl HEAT A8 e db 3, 8 HyE ved # rp
A B 2K T 2 & SN B KRS D T HERK
3 XRIYRBIZEETEERNE N 0SS
RNk
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SIS N GUE AR AERA IS (3) b Z =
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JE 4
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YR HAE LR BEPERALTE R AT, B
BRI S I e AR L, A T
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A A R AU AR R A AEA R ; (2)
ZEI RN 1 L U I, B A5 0 R e 1 it £
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QAL T b BEE A, A [R] U ) B 450t
RN WAL TR AR B D PR L i (A5 5
SRR RN T R K8 B B AWK T TR
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T YR R s N B AR B I ik — 20
PR3 I B B 2 R v [
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JE Rrebim g A B A xR, S e, FATTIE
wr/ N B AL 6 K2 52 56 Bl ) o B it W v e
FMRRR . Mok, B i T B g AN 2, W B
VA PR B8 e IS AT A it e 5 )l | 5 B0 B 2
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DO E B BT BRI AE LR RE 1 B0 23 W BT QR BIb AL, %)
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LB AF B s 5 A, A8 BN G o H R A 3L, LA
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Aiged i HAGLR e X K #5dE9mtS RNA iRk 5
ML 5T

xR, EERANB,E RGBT, ZXHT
(W& IRV R R K24 B 28— BE e, IFRE AR, M JR T 150086)

[fBE] K4HEIE%ES RNA (long non-coding RNA, IncRNA) J&—Z K KT 200 MZHFRAIAEES RNA, B
HWFTEAWHRA BB Z ISR R Y] IncRNA )72 2 5 IFEA LA AR BN AR | 52 3 NS85 IR 1) 2B %
J&, HAGLR [ KA AESw S RNA( HAGLR opposite strand long non-coding RNA , IncRNA HAGLROS) 7 14 2 e v
SR AT N IR BB E AT R A AR T, A SO IneRNA HAGLROS 7E [ v (i 235 5 P42 4L
il — R LR

[SEiA]  KEEARSES RNA; HAGLROS ; IR ; 2635 5 5 0L
[(FESES] R33 [ XEHRIREB] A [XEHS] 1671-7856 (2022) 05-0102-05

Expression and regulatory mechanisms of HAGLR opposite-strand
long non-coding RNA in tumors

LIU Lang, WANG Haicun, LIU Guanglin, GAO Xin, ZHAO Yugiao, JIANG Xingming "
(Department of HPB Surgery, the 2nd Affiliated Hospital of Harbin Medical University, Harbin 150086, China)

[ Abstract]  Long noncoding RNAs (IncRNAs) are a group of noncoding RNAs of more than 200 nucleotides in
length. Accumulating research has unearthed increasing evidence that IncRNA wass are widely involved in the regulation of
pathophysiological processes and affect the establishment and progression of human diseases including cancers. HAGLR
opposite-sirand IncRNA is highly expressed in many tumors, playing important roles in regulating tumors’ malignant
behaviors. This paper reviews the expression and mechanisms of action of the HAGLR opposite-strand IncRNA in tumors.

[ Keywords] long noncoding RNA; HAGLROS; tumor; expression; regulatory mechanism

£ %k 9F %% 15 RNA ( long non-coding RNA, I TR, BOR 4 22 (IR 4 26 B IncRNA 2 51
IncRNA) J& — 28K KT 200 A% 1R 09 3F 4 65 R QN I S SR N A S NN R = S R e
RNA, i TAERE AR Lk Z FF I B RE R RSP30S SIS AW B . BRAEAF ST /R IncRNA W] AE
F,IncRNA AN EA RwEH MRS, i RS Rk R BP0 EE E IRL, RE e RS Y R A RN K
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J&H HAGLR J2 SCK 5 4F 4 i RNA ( HAGLR
opposite strand long non-coding RNA, IncRNA
HAGLROS ) #iil: 577 2 R G i v e o 23]
VR, ATVE G RA2 A 08 8 TE A 75 ) S8 1 13
JE VG TEDR

1 HAGLROS #fiA

HAGLROS &8 Z K BE R 699 % H R 1Y
KEEAE gD RNA, E2EA AT, F5RM
HAGLROS i ikl 3 i #7 #] mTOR 471y P13K/
Akt/mTOR 5530 B U8 #2 4 M [ e DA 1 12 22 0 4 %
FG (143 J& ; HAGLROS 7] #! [i] miR-20a-5p ¥ # #5
PSS LML 3G 5E S5 IR T TERR 25 R
Jiti ¢ 20 B H , HAGLROS 3£ 7] i i miR-100/NF-«B
R A O 0 AR A A, B
¢ 7s HAGLROS 7 B i | i 4 W e 558 2
AR b 5 R R AT HARAE AR 1Y 435
FEWLH, ¥R HAGLROS 7E i w4 1 FH AL A
Y IS W S5 ARG YT B AT i L

2 HAGLROS 5phig

2.1 HAGLROS 58%

Chen %517V X 84 f51] 15 9 £ & g 40 20 5 9 55
I 4180 A7 52 B 2Ok i R A HE R N
( quantitative real-time polymerase chain reaction,
qRT-PCR) ¥l % B HAGLROS 7E i Ja 41 2 v 3 3
U B4 T s HAGLROS 3k 7K F 5 9 b i
TR " TNM 3 1] B gtk (2 45 56 38 2 DI AR O, OF B
KB A HAGLROS TR /R UG A R, RS
Jf 27 S 45 3R W /N RNA SRR TR E
FEAML T HAGLROS B35, Jigs 40 it i 18 4 Al
RZETFAE T 0 T R, Bl 5 1% S5 50 A B GE & A=
Y5 E 2 W & 3 HAGLROS 5 miR-100-5p &
miR-100-5p 5 [ W0 ] B 0 2L 3h 9 B A 2 R
5. (mechanistic target of rapamycin kinase, mTOR) [H]
AR ) TE L5 BN a1 5 B R 2 Tl Al o Ak
BIASIN (Tuciferase ) SEEGUESE HAGLROS 1J AE N 38 4+
PP RNA W% Bff miR-100-5p > BHKT miR-100-5p X
T mTOR 3--UTR (R [ /E FH , 15 17 90 e
4 il N mTOR 1Y £ 5 (mTOR £ H 7] LLE &
mTORC1 & G4 3 i P8 2 [ W AH O B R 3R 3k 4
AU F ) o #E— 20 B SEER A5 R BRI
JihyEd 41 ML N HAGLROS 383K 5 mTORC P B i

TR FLANMI Y E RE ] T p62 Rk KRG, b
WS ZE RN L i R IK 1) HAGLROS 38 i PN R
T4 FfF miR-100-5p , {2 2F T i ¥ 3L ) mTOR 3%
KK E AR mTORCT FYIE A, DT 410 1 40 i 1 e o
PE It 8 e Bl 1) et ke
2.2 HAGLROS 5FF4RAnsE

JF40 99 (hepatocellular carcinoma, HCC) J&
TG P B UL R 2 — B R R B TR
W2 FARVIBRNE N H A58 S T7 7 kA 7E
S RFEE RS KU 2 R BER BT 4> T2 Wi b
ICHIRATTHE S, Wei 2512 3t 68 ] HCC H2 i
YL J i 55 0E H A 2 HEAT R A I R I AR s B 2
el A e % B, e 41 21 HAGLROS 1 223k 7K
P 3 H HAGLROS Bk /KT s,
B A S A= A7 B (8] 80 5 [R] s HAGLROS 1) 26 3k 7K F
S o AR B R 43 A AE 2 A DG
AW 5T A B, A0 IR U0 BK B 983 40 M ( Huh7
MHCC94H F1 HepG2. 2. 15) J HAGLROS it ik Al
T HCC B4 4075 7, U8 55 e 83 40 i 199 42 28 AT
% 5 ULIF BTN caspase-3 I T A G £k
JKF-BA S BTG, - EL AR ALY [ W BE ) S e, B
Ji BIHLHI B 5% 45 3 878 : HAGLROS 5 miR-5905 &
miR-5905 57 [ W5 i 200 19 11 0 AH OG- 12
(autophagy related 12, ATG12) " fEAE AR R 45 & 37
A Hid #6809 HAGLROS AJ #2333 %% i £ 35 miR-
5905 T2 HCC JifRg 4 Y ATG12 (3R IKFEAIK,
ZPIBNI B 5225 R 2R - 12 K38 HAGLROS #J i
it miR-5905/ATG12 Hhi4 il HCC b 4t it & A= A
Wi M & AR A
2.3 HAGLROS 5FHEEE

JF PN H 48 988 (intrahepatic cholangiocarcinoma,,
1CC) 2 H UL P RH 22 G0 30 g | B ot 5 R R
AR 1CC LA R RN EZ N E, BAR HATF
PR A R 12 W R YT U T — s dE (A G
W E WS AR AN E P2 Ma 257213 1CC
ERE PR AL 20 i 55 1E H 2L AT qRT-PCR A
%P HAGLROS 7£ g 20 21 h 5 St e ik, R4
A0 S B 4 2R B AMIRPE TR E QBC939 A i N
HAGLROS B 3% 15 J5 I 98 41 i i) 33 5 1R 22 FE 7%
fiE 7 B U 55, [ BT QBC939 4 il b mTOR i % AH
KREFKFE FREE A MEER A 2O E B & T 2
HAGLROS i ik J5 , QBC939 41 fits P A i A 2 34 i
(TG.LDL-C #1 TC /KB ETb) . FiRSL 2%
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PR . % 268 09 HAGLROS 3 i 34 1% mTOR {5
530 R AV 4 A 1 W SR TCC 7 240 A
W4T R R AEAR AR, O ELA v 38 2k 1 i i gg
1CC 21/ P9 i o AR 2208 418 1k Jifoe 1) & A R e, ik
Ab, P 2R 5 Fl Kaplan-Meier 438 DL & ROC [ £k 43
Bt 2B HAGLROS W] 4B Ay T PN JIR 48798 £ 5 ik 57,
TR RGN 2 X 1CC 5 5957 10132 B R I TR 3R
I7 TG VRS B — 7 1A B
2.4 HAGLROS 5Z&H7RE

XT 78 19145 H ¥ ( colorectal cancer, CRC) 4
W96 2L 2 55 o 2% LE 2 20 R R I AR g 3
SRR PSS B R HAGLROS 16 CRC i 40 40
HI R IK T 5 HAGLROS S 5 2 38 H /R o o
BEmHEBEEARE LA R, Zheng ALy 5
55 A BA K 1 JRe B 5 B0« A U5 S 08 ek e 4 L 1A
HAGLROS HYZEik )5, CRC 40 L (38 58 A= 2B AT /%
fie 7 B 855 ; I HAKER iK1 HAGLROS Xf CRC 4
JiL A B S EAE R ML R 45 R o . Ak
Yi{E B2 HAGLROS 5 miR-100 1 miR-100 5
A9 250N 1) [ W AH OC B 5 (autophagy related,
ATGS) FAAERR [ AE FH 9 & ; luciferase 52 56 25 FIE 52
HAGLROS FEMSHE [ 454 miR-100, [A] A} miR-100 5
ATGS A7 7EFE a1 057 55 5 I ELXT g8 20 i 7 4% miR-
100 mimics J&7 A # 43 8 i i 3 35 HAGLROS X
ATGS5 Fih WIRPEAE N (R 3RIE 1 ATGS 7T 38 2
mTOR 38 % 1004 41 f & A 1 w32 1 402 2 205 1 P oa
R S A e 25 ) ROt P A B e A 2 AT R Y
PEHEVE . b ml WL, & 32 35 9 HAGLROS i i
miR-100/ATGS5 Hli3k # 7% mTOR 3 B, 31 il 2% 5 s
o PR A 18 1 s i R B AR A
2.5 HAGLROS 58 HJE

TF B P P& (osteosarcoma, OS) FJHF 5T H, Wu
S X 193 ] OS E Bl 4205 9 55 1 41
AT qRT-PCR K3 i % B HAGLROS 7 i £H 2%
T FEA B B, BEIS YRR OS fB 35 I PR Hi 2
BRI TR AL HAGLROS 75 26355 0S J fif
SAEFERE (TNM 43 31 R Ab 5% 7% 2 YA 56 ; Kaplan-
Meier 4= 7726 78 HAGLROS & ik & 1Y 5 4F
SAAEI S 278 i B Cox [R] IR 43 B 435 S 56
W] HAGLROS RJ {48 R F8 3 4 57 T R Ik 37 8
B2, #78 HAGLROS AR A8 R I TR (3R )7
5 B WG A AR . AL, Zhou %51 AR &
. HAGLROS 7E CRC JifrJg 25 2 70 i 723 240 it N 3 3k

B S i T I ZH ORI 5 A5 T 9 B PR 9 4
1 HAGLROS MR35, Igd 4 e () 34 5 12 AR
ZERe Bz M, It BB RS B 2 T K
B6IE 5256 45 W] . HAGLROS 1] Py 5 M 5 4+ W o
miR-152 KK miR-152 X F Ji# {2 98 K Rho #H5¢
M IZGEE AP B 1 ( Rho associated coiled-coil
containing protein kinase 1, ROCK1) 48 w4 , A
T30 ROCK 1 14 3308 2k 386 55 B DAL JRd ) S A 2
14,
2.6 HAGLROS 53E/MNABaHRE

AE /N 41 B il 9% ( non-small cell lung cancer,
NSCLC ) 1 Ay Jili 98 () 36 2 W0 A, 30 4F >k &9 % W
B TR Wang %Y X NSCLC 41418
A% qRT-PCR A Az £8 35 I PR o 2 =7 50808 o3 B 45
St < A /N A i il 95 iR 41 21 HAGLROS 1 3%
SKH R 3235 HAGLROS H2 35 9 Mo 14 S P 2 B2 A
X o o ELRARR S5 AR A7 B R S, AN B ) B2
SCIREE S R MR DTER AS49 4 fig Py HAGLROS
Jei , e 20 My 3 5 R B AT R e T B B S .
T 9% HAGLROS 7E NSCLC H iy /E L, 2% 141 BA
i BhAE W15 8,2 TN e WU ' 25 T i 4 66 DR AG: U
ST %k PR B 4 A HAGLROS # 1A 5 miR-152
mimics FEH% YL 5 20 A PN 2O R 9 B I S ARG TE S
HAGLROS 5 miR-152 fA e mfEH &, E—H
B UE S 45 TR W Y miR-152 mimics J , i 263k
() HAGLROS X ihJgi 4 Bt A549 &1k A= 92445 M i)
PEIEVE BGRB8, JREERIIFSE T Chen 45 [H]
FE & B HAGLROS 7F NSCLC Jig 20 2 b 35 T 5
YRR Sk SiRNA T30 A549 411N HAGLROS 3
IKJE TPeE A0 i % A A 2 AT Sy 2 B BE I A
Wi Je R B E P2E S2E A7 R S 40 BT L 4 s 3R /0N 24 i il
Jif HAGLROS 235 W 2% LA K k) HE 5L R Dy 8 19 70 Bt
25O L AE /N4 i e T HAGLROS 3+ 8 45 H
3 R YRR HE I 2 5 59 D4R DNA S 1 48 A 5]
Wi gL R o R, LR BTk i RIE W
HAGLROS 38 12 Z2 Fh i 45 3 1 A 37F A /) 248 it 9 1)
KR, IEATRE R NSCLC I PRIGIT ) 1 16 #0
J X NSCLC 835 By b K 15 A A — 5 148 &
2.7 HAGLROS 55 £E

DP B89 (ovarian cancer, OC) &2 M Wit
JifrIed =z — , h 30 R O B R R 2 B R T 2 I
CLALF e, Han TR U5k A4k o7 2 9 5196 19 32 22
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BT RAH R E UG Y R BAR O TR RO
HURA R A BRI 4y AL, Yang %19 ffi H GEPIA
Bl 2o BT I X £ 2 IR 20 21 AT R R A A B
HAGLROS 7 5P 5 g 41 20 32 2k B S o8 s FRE I
PRI B 24 B0 19 o0 B 45 SR 22 1, HAGLROS 5 % 1k
20 AR B A AT ) 25 AR H HAGLROS 3Rk
IRV e 4301 98 ek W R B Gt Ak e 3% 2 VT AR
%, P HWFFELE H HAGLROS 5 miR-100 [H]7F
TERE M) A . 2B W05 B 2% WL $2 7% HAGLROS 5
miR-100 77 1E 4% & 07 5 ; TCGA ¥4 & e i 371 1)
0S R A7 rh miR-100 5 HAGLROS 3k & il
X, BT S A BT miR-100 H 4 5L PR 347 7500 F0
DIBES3 M . miR-100 T Wi L X 32 22 2 5 45 20 iy
SR AR R 2R A R R AR R B R
SRR IE R IR HE AL R T MAPK
AR R 20 M 22 BE 1 ) 45 53 B b 5 A, PPT )
%487~ mTOR S5 8F A4 2 (zine and ring finger 2,
ZNRF2) b fX 4l B A, b3k 5256 45 3R 48 i
HAGLROS AJ A B S0 12 Wi 5 1Al 1S 10 A= )2
FRICH) ;1 F 3k 19 HAGLROS ] 55 miR-100 1 #:4%
A HALHE mTOR HI ZNRF2 (93535, 0% mTOR i f%
AT 2E O L9881 K A K

3 RE

TE M 2 SN F5E | IneRNA HAGLROS #%iiE
SEn] 3E A s 22 R S I, . P13K/AkY
mTOR 15 51 % F1 NF-xB {553 5% 25 5 i 240 it [ e
TR 55 1 2 S8 3 2 45 SR Jiff@ Hf IncRNA
HAGLROS &0 R $AE 1  i) JELIEG . Bl 5 F
BIER A, IncRNA HAGLROS 1 3 & B8 ) 1 1 £ 0%
PE I8 5 5 R AR AR I IneRNA, A AY A 58 1
mTOR {5538 % L &% MAPK {53 & 42 o2z 4t
B A g A I RE1E Bl P9 R SE S LI 25 A TR
miRNA > 9 45 50 L A (%) 238, X g i 34 9 3 7%
1RZEM AMEE L RE = A BEAk i 2 RS
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Research and progress of rheumatoid arthritis experimental models
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[ Abstract ] Rheumatoid arthritis (RA) is a common autoimmune disease characterized by chronic synovial
inflammation with joint cartilage and bone damage. Under Traditional Chinese Medicine, RA is categorized as a “Bi
disease.” Various RA models have been developed, including induced model, spontaneous genetic modification model, and
model of Traditional Chinese Medicine syndrome. These models were reviewed and summarized in terms of their theoretical
basis, typical characteristics, evaluation method , main usages, and degree of agreement. This paper also deals with the
relationship between intestinal flora and RA to provide a reference for follow-up research.
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W 1 BUE RS T R, UG A B 8 T IR AR A s
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CFA) . ¥ —FFHPUR G UL RN RE
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) mg/mL A BB R Y CH AN A AR S N i
BHFERCTT R, T 18 d J5 & A 36 IR 58 24 5
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BB A 3 Aok A SR BL T 2 A HOR (micro-
computed tomography, Micro-CT) | ‘H 2H 2127k A P
i B % B2, 2E &t ELISA 4357 LG 20 2 b 2 4% 1R 5
( TNF-a, IL-23) #y 7 ¥, 45 10 9% R R & 5 41
(infliximab ) A] RAFRR 55 5 AH OG0 B BT A E , #0
TR M a8
1.2 {&EFHEX35% (adjuvant arthritis, AA) 5

AA K EE W R IR T 5 iR B2 7 A B XF
FHUKFEE 11 65 (heat shock protein 65, HSP65) [
T 4 AnBe A s R 1 F Lewis K RUESL AA
BEHY S R BURE AR A B 18 B TR AR 0. 1 mL 25 4
RAGHRFFE (10 mg/mL) 1) CFAN™ | B £ B
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e JAK/STAT F1 NF-kB {5538 % b 25 11 9 2%
IKFBEIR AL KT, K S AEZR ((genkwanin ) BE A% 111 ]
AA R EUR G121 JAK/STAT il NF-«B {5 53 #%
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PRGN IZ B ST 98 1, M AR v 1Y JR) BRI A
S N WA 28 5L T2 W T A 6E i & Bl 75 1Y
B LSy, Lin &0 H R ¥R 58 X F (tumor
necrosis factor alpha, TNF-a ) BHY X PGIA Hi7iE
WREHEAT T B0 K BT TNF-o J7 50822 T PGIA
HEFE ST 1 R A A B B S RE RO VE I
1.4 SEBKTE 40 B BF i 5 B0 55 75 % ( streptococcal
cell wall-induced arthritis, SCWA ) # %!

BRI 7 Az — M BLAT B i 2R 1 M A0 JIK RO
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Z B ( peptidoglycan-polysaccharide, PG-PS) , ] DAi75
SO NFIE LT 42 R RAESS 0.7 .14
21 K, A Ja OGP S 5 At L B IR SR =2
W B TR B A g M G R TESS 8 .15 I
22 RO NS LR, 1 KA 2
KAANEAR T UM, 55 23 ~28 KoMt T 41
ARSI T A RAT B T 98 6T RN Sk R
N7, {EL 3 2 Bl W A A AT JH A 3 S5 A1, 7T R TR Ry
T A 4 AR B R A Y Jain 257 R
SCWA H& HIHF 5 26 3 R - WA S M IL LY
( curcumin-diclofenac conjugate, CDC) & 7t 42 1%
M, R IR T SCWA BERL SETT RAEIR
1.5 PFEEKIHE T K KT K ( proteoglycan-induced
arthritis, PIA ) &Y

Reg A ot S — b Al S 9% I VE AL 2= ) BT, 7E DA
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Bealifh, T 50 d J5 PO TR T A AR A R &
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HOR BRI 48 PIA BCRL AT AL RA H A L4 2
RE R ARG oL 2 i =
1.6 #HMEIFZF M KX T K ( antigen-induced
arthritis, AJIA )&%

WM AR AR A ST i B TP R AL 0 2R I 1 AR
(methylated bovine serum albumin, m-BSA) 5 %%
REH G Fe BUZAR(Fey R) 454, NITA B0 £
XF m-BSA B T 40 M0 2, 1Bk B 2R 100 pg
m-BSATE CFA W1 1+ 1 FLAEXE /N AT S 22 | BB
1 JATESTRHEAT M EE R TS m-BSA/CFA {540
s, T3 S 0T NTEST 10 g/l m-BSA
A R KR B R G REH L, ALA AR YRR AE
U B T 4052 B E R 5 I OG5, Frey
SEDV M B ATA BT R A3 T L AT 4 AR W IE 40
(fibroblast-like synovial cells, FLS) %184 2 15 %2 3L
Wt E B 23Rl 45 R BN ATA 2RI Y /)N B
oy Y FLS BB A8 7E 32 44 vh 5 e R E F OGS
{2798
1.7 7% #E-6-15 B8 5 &8 ( glucose 6-phosphate
isomerase, G6PI) i SaIKX T RIEE

ARV B R IR P Z GOPI REGE 1E 14 1h =
AT 38 5 S 9 T I 200 T 7 A A L PR

TNF-o IL-18) , T & OG5 48, 1 485 5 1 2
400 pg HAA GOPIfESE I RALHIH 12 1 3Lk,
FERZFUI BT A /N BUAR P EA T e 3k
THRPERT Treg 40 M B FEIE K B BRI SCHY R 28
BHA U BB BRI A GG R NG, A 2 A
FH GOPT 53 1Y &5 RAL I AT I 53 e LIS v i 22
JC Y 43 F bn i W B S B0 I F 3 (activating
transcription factor 3, ATF-3) X &5t 400 H
FUPERIR S

2 BEMHEREEM RA SRR

AR N B AR N BRUTE 20— 1 B
i JE AT LA A ARG O 9% i BB I T 1 A0
T A RA PR e,
2.1 K/BxN /MRIEH

Bk A LR K/BxN /N & A GOPT ot
B U B I35 1 5 2 C57BL/6 4 lis & RAPS
K/BxN L35 175 5 14 & 57 28 B AU il 2% - B i M KRN
S HEYE NOD BUE 28R, AR 5 — 1R/ INELRD oy
K/BxN /PR, REE 2~6 A& K/BxN /s BUFH ik ifi
o KAF K/BxN /N B LG TR A )5 43 I FE 2 O
KA 2 KEH IS 2 8 Jili C57BL/6 /N L
il 25 K/BxN /NS /N BRUBR OG5 i Ji A 3 ™ o,
H HE 48 /R OG5 B BRASAS | 48 4 4t A 12 i D0 2
TRIERCR T AR R AR ) R AR Y
TS, BT R, K 100 %, v T
R TN R EIEIT RA FUAHEHLH . Bopp %Y
KAE K/BxN /Iy BUAE AU o 58 7 30 F a0 OC 75
(temporomandibular joint, TMJ) 3R, 753 T {2 1k
A T B AR AR SR B TR R 41, RS B
TMJ BE LR R R 45E
2.2 A TNF XE [A ( the human tumor necrosis
factor gene, HTNFG ) /)N R HY

38 A NS TNF SN R, R A 26
TNF R 3 3k (1) e PR A i i 2 S g v Rk 2
KER, TERESAH 3 wmBiHE N T8 AR
TNF L) B A 5] CBA 5 C57B1/6 245846 2
RANRSZAEII N, /R 3 ~ 4 JEI i s o] R4 381 B ¢
MK, 4k 9 ~ 10 S R i2 B R A kR R oY 4k
KIGHEHZERE S, AT AA CIA LB, TNF-o
RN BE A AR MR LG 42, 5N RA G
BESR T AAI L A 2 3l P B ROR 5 2 RA

RAE HE J'E J2& 15 5% #] RANKL ( receptor activator of
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NF-kB ligand, NF-kB BCAAR Y32 A 1) ) (Y 2 A 2%
TEEGE R IR AR, K& B RANKL AR RAAE A
" 4 LA BRI IR WA A A S5, T L T AR S e R
S G B SR AR U T SR SR A 4 6 4 0
2.3 SKG /MRIEE

SKG /M2 —Fh BALB/c /NEL, Higwid 70x10°
zeta FHOCHER 1 (ZAP-70) Sre [FJUE 2 25438 1y 2 R
A A HETTTE e P B Sege ST 1Y . ik
N TR ER v ER K (PBS pH=7.2~7. 4) I
1 H R BRI ST T 16 JA Y SKG MiEME/N B &
KA R, I HGUR P AP KB, T A R £ )2
UCHE A | T 16 P AT BAA% A0 0 e AR 40 IR
M4BT F I AR & 5 SR AR A B R i
BT, Jeong S5 S I Al e BE 2R BE 5 5 1
SKG /INER I RN 43 F-HEAE , R R I B SR =2 1Y
SKG /Iy BRUE AU O i e A #5675 4 ( spondyloar-
thritis, SpA) 45 Z2HFE

3 HEER RA SR

FE RA S s AL A ity L it fin XUFE R R
T A SN A 55 ST R IESE B ) RA shi B Al | o
B EAE B SE A b T v B S AR R DU Y
RA JRPREAL
3.1 AARBRIER FRXEIRERE

SRDLHE 3 3 S 56 3% W X IE I A B T BE N
KTy T R A, ) sk 4R 15 3 I (Chypoxia
inducible factor, HIF) Z ik, i& % RA 1 15 40 fd A5
A S A G, AN P AR BN EE RA T B A8, e
TR TR 0 K, B RO RS J5 e B 2 N T
$0.1 mL CFA, 354 7 d J5F-ES 0.1 mL inss e
T AA R BB IR R BUE T 5~ 7C 1R K
KR 2 em, FERL 3 R, BEH 1 IR, BEIR 20
min, %2 14 d, KA G 2 BBOR G Kk 2, 3
KRG KT RGBT B ETH e S i
3.2 AARBVER FRRUEEER

AR AR g ST 1 RIS FE A R XU A 8 AT fE
HSP Kz 43k, #5535 HSP 9 IV R Ak 2F 1T 0 fe 2
RGP R B , DT80S oo R e
B KRR E T 36°C ~38°C #uk Hp, A JxF Je 2 1
WL () L RUTE AR A
3.3 ROR.E RFSHXTREE (wind-damp-
cold-heat induced arthritis, WDCH)

TERE T R R B 5 2 53 0 7E 45°CF1 4°C 1Y

B T A KA 10 min, S8R5 7E 20°C AY IR E T
FAIRZ) R 10 min, 5K 2 U, 2 14 d, i 4
o A R i 2R L B B AR L T 40 A A T
AR HHEATPRAR . R BRI B rp TNF-o 0000587 P
R K 732K 2 (vascular endothelial growth factor
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Table 1 Coincidence between experimental model of rheumatoid arthritis and the clinical symptoms of Chinese and western medicine
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Effects of air pollution on male fertility and associated mechanisms

HU Jianying' , DI Juan®, CAO Yihui®, ZHANG Ruixian**
(1. Institute for Immunization Program, Yunnan Center for Disease Control and Prevention, Kunming 650022, China.
2. Institute of Environment-related Health, Yunnan Center for Disease Control and Prevention, Kunming 650022.
3. Institute for Acute Infectious Diseases Control and Prevention, Yunnan Center for Disease Control and Prevention,
Kunming, 650022. 4. Department of Disease Control and Prevention, the First People’s Hospital of Yunnan Provience,

the Affiliated Hospital of Kunming University of Science and Technology, Kunming 650034 )

[ Abstract ) Air pollution affects not only sperm quality, such as the amount of sperm, sperm concentration,
motility, progressive movement, morphology and other physical characteristics, but also the sperm genome, such as DNA
fragmentation index and chromosome integrity. Air pollution has also been shown to influence male fertility by affecting the
testosterone level or even testicular tissue cells. This review summarizes these issues on two levels: epidemiologically at the
population level and from findings in animal research. This review also presents four possible mechanisms by which air
pollutants affect spermatogenesis and development: as endocrine disruptors, by inducing reactive oxygen species, by
destroying the blood-testosterone barrier, and by causing DNA mutations and epigenetic modifications. Finally, this review
surveys recent studies suggesting medicines that have protective effects on sperm development.

[ Keywords] air pollution; sperm quality; oxidative stress; epigenetic modification
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Preliminary evaluation of animal models of vascular and post-stroke
cognitive impairments

NIU Yuging', QIN Hewei'”" , JI Lingshan®, LI Weifeng', GUO Ning', SONG Xuemei'
(1. Henan University of Chinese Medicine, Zhengzhou 450046, China.
2. Henan Provincial Hospital of Traditional Chinese Medicine, Zhengzhou 450002)

[ Abstract]  Vascular cognitive impairment ( VCI) is a clinical syndrome in which at least one cognitive domain is
damaged by cerebrovascular disease and vascular risk factors. The pathological manifestations include changes in vascular
function, tissue damage, and nerve degeneration. Post-stroke cognitive impairment ( PSCI) is a major subtype of VCI,
which accounts for most VCI. Pathological mechanism research and drug development for PSCI have mostly relied on VCI
animal models. As researchers have put forward and discussed in-depth the PSCI concept, we found that the pathological
characteristics and main damaged cognitive areas of the two are not exactly the same. Therefore, it is necessary to establish
an animal model with the clinical features of PSCI. There are many types of experimental animal models for VCI, and a
PSCI research model should be distinguished from a VCI animal model. This article introduces the characteristics and
impaired cognitive domains of VCI and PSCI, summarizes and preliminarily evaluates common VCI and PSCI experimental
animal models from the perspective of model construction, and provides useful suggestions for VCI and PSCI research.

[ Keywords ) vascular cognitive impairment; cognitive impairment after stroke; animal model;

preliminary evaluation

[(BEETE] P FEA R P RFERRAAT K (BAAI[2021]1 5) ;5 o EE 25 B2 0158 & 00 8 (20-212Y2122, 20-
212Y1054) ;T RAE 254K R AA B SR H R B (B B R R [ 2021115 %5)

[EE R ] AW (1997—) , 20 A LA A AR5 5 1) 2 O IV H R & . E-mail: niuyuqing2020@ 126.com

[BEEE]IEGMH(1982—) , 5 Bl FARBEIN, 2= A R A S 00, RS2 1 - O LB 9T . E-mail: ginhewei2012@ 126.com



122 P P BE 2R 2R 75 2022 4E 5 A5 32 445 5 W1 Chin J Comp Med, May 2022, Vol. 32,No. 5

ML PE NI AT ( vascular cognitive impairment ,
VCI) 2 ph i i 457975 2 i 45 e xR 28 3k Al A
THEER BB , TAJ0 T R 10 3 MR R T R s 1 51
SRRAE AL FE % B R B A A R AR Vel
BRI BT /R 25 BRRE 2 J5 55 2 KR LA SRR 2
R ELA 18 T AT M DA 0 A A, R A IA
P F B K220 RE ) GBS e AT e
RREAS A5 JLAN T I, i 26 o JS DA B A ( post-stroke
cognitive impairment, PSCI) 252 k4 )5 6
AN LA TFBA AT (BR0) FEIR H B AT SR T R
BHRFEEAEAE 3 A LLED B min thiae | s oh
fie LS () T 5 R8 e 0 B i 0 B i UL A A2 4
B ARIE N AT AZ B AR B R4 SR A T
FiZR (PSCIND ) A& 5 i % (PSD) ', VCI 445
— U155 1M 45 40 0 B H AR 56 2R 5 1S DA 0 B 1
PSCI 5 G 1 A 2 e i e s b ot A v i R A
J& 6 AN H Z N BL A B RS . PSCL & VCI [ —
ANEAL, H PSCI 51 AN D BE 8 T HAT AR AT 33
RS T I A R L R R TR R 0 BBk v R
R MR R I I 0 R 48 [ PR A X
PG R PSCI Y 055 %52 30. 00% ~ 80. 97%
REETT R L, IR AR AE A S R A ST T
W T REA IR AR e it 1) K2

Bti# XF VCI IR AMF ST, PSCI H 2552 |24 1
PR, A DA R0 B T 1) 7 2 DE Al B 25 e 2
EH, EN T REBEIERY ) S TR T PSCL &
SRAILBF 52 LA B 25 ) i i Rt &, s o r B
PSCI FRIE Y sh WA AR & w62 A H A8 ST A
BRI DL VCI J&E Z2 | nfn] 76 B 36 Al b 2 57 ™ I8
PSCI FRIE AR R 0 A7 AE — 2 1 R ME, SOA 28348 A
VCI 9% 98 AL A PR 2 8 A T, 38 i A 48 %
VCI Fl PSCI 5256 sh W5 R A i o8 a0k i | AR H 2 57
4 £ B o HLE A T 25 Rl AL DAY, ST PSCT AT
RS

1 VCI #0 PSCI 4%E

KT VCI AL H AT A B 5, K20
S IRBREE RGN RS A A
AL SN ML f5E T R M AN AL 2 A LA
FOBATPERICAE P 22 40 M R T L A N B B RE R A
T | B-TE AR AR I UUARIE I ot 2238 o A 32 AR )
SR A TE VR L R Y 3 5 1 A A A
PN = L KR A S =S 3 NS SR EIINPS

FWEgEs £ VCL Al g ol i A ot A I
AR GRS, LR UL A I A 22 5 RS il 1 I A% A
IR 7 1 /0N 5 S0 0t A OG5 i 1 B Y R A L
JEEYT DX AR 2 vy I R PR R 2 S B R
VCI'™ | PSCI & A= 225 f o ARz Js 1 KL 48 1Y)
FEFE A il DA B /N 1 8 A A BT A 56 R 5
JFE 5 B K 2 Bk ok e A 25 1 A5 i 6 PR 2K % BT AR
Ko PSCI ZRIMAERTA M K2 T Al py )
AR E T VCL B ] & PR | N SRR
SRR g AR O A v B g R 5 PR 25 )
A5 A9 It TR L 17 8 2 53 VICT, T i of 97 ek ) sk 2D
ErEnE it — 25| & PSCL,

PSCI fER VCI [ —ANE R, P65 i R A AR,
AXATERAE, A4 &R E L, VCL A4 DL
JURPZSHY i 48 1 6 PR 28 A OGE  fofe ot P ( i 4%
PE /NI AEPEFVERHE T ) | H A (O B S .
DO ST s S i LA R s Tt e S5 ) A i 1 4
PE I A 9T AD (I IS £ AD A AD £ i
M) 25610 454 PSCT By I IR 0 B AR AE
VCI 30 A e ifin P A R A HP A KL A8 1 /08 ol 4
PEFIH M VCL FF 5 2 F AR E L, 455 PSCL
(2 W T T U] DL R s B B ) PSCI sh 4k iy
{4 BEAELRRAE 107 A 7 FH 0 A 4 i S ot A e af, R
AT ) 4 | 5NN UIAH C I D e X B 4 TN
B W DA AT T 300 R G 2 v 304 A B A
DR SR RIS ] 56 2R 4, 25 /0 i BLLA b B Fp AR AE , B AT
WA B PSCI AR, 3 5k 55 %50 A N R 5T
PSCI 2 W RRAE AL 3Z 350 A B F o SR & 3
TR R 2R R BT A e — 3R, Z% LR, VCI Al
PSCI 5256 B 4 50 22 [ 14 [X 20 o IO 451 435 45 784 2y
PO\ AR A & A 1 SR AL | DN R s A 8 3 R A T B ]
BN LRI GINIE b

2 HYRBIRIERTTE

VCI #1 PSCI B sh PRI R B 2 — i
LASEARY | HVI ok i 72 3 i 35 DR R A5 1 sh A A
FHIA 5L L PRI V8 M3 4 el A% sh g i 7 45, — & F
ARAEAL 3E L AN A AP B A EBURINE
S Bl S PR 4y Tk 4 AR AT A G SR it A
g G AR T A AR E BT R A
2.1 EHA VCI shiiEs

VCT A =5 2 i i 785 B2 2 R i 850 P A6 26 A
FR RS N E 22 2 2 ie A2 ke



] P R 2 s 2022 4F 5 HAR 32 4855 S Chin J Comp Med, May 2022, Vol. 32,No. 5 123

BT RE SR A D RE R AT, H A K 22 5 ik Bk il
& VCI SRl Wit s )2 VCIL s a8l v fe i
UIRiOFEILY/E SV
20101 it i B e i P AR 7R

(1) I 4 fi e o 455 75

G I R 1) g It W 7 A R 2 i 2 246405 A
RS ERTHE R VT ik AR 51 32 547 g
ML PHZED: (4-VO) Al ML 45 BH 2E3% (2-VO) |, 1B
P ET R KR, 4-VO H 1979 G571 LIk, B 4t
ANHTER R, (AR T 3R 2 i A sk i L DT 1 A 35
SN IKRHESI K , 38 5 BT 5 ~ 20 min, F AT 5 80K
VR AT I, 1 SR CAL DX f
LIt A BT, S8 S fic A s

2-VO S 1 B W7 BUA £ 251 A8 2 ik ik 3] % 8 il
B, SRS E LA YRR B C57BL/6 72 S
NRBIZEIIY | H T Y BRURT CSTBL/6 AR S /R
KIS KA 9 )5 28 38 3 ik e = s AR 5 25 48, 3504 3l
ik 3 58 FHE- LI B0 Kk R 8 22 [R1 0 A I iR 5338,
I, S5 FLOBUIN 3505 B Jok T 3k s 4 A e i, 3 ARk
AfA] 2 5~15 min, 5 5 min A FE, 15 min @59 ik Bk AL,
AT U2 A0 RN B S5 40 i i XA I 3 A R
JEK, 54-VO ML, 2-VO 728 T B AR A 45
J& CAl KM npik'®!

(2) 1t i ke o A% A5

XU Z51 5 50 ik BHL 2 ( BACO) |, 2 38 3 45 L XU
U st ks B A BN e I, A2 A e i e
MR 28 05 vk WL 2R KRR, %7
e AR BRELE B ik e, R BUI BT 4 3l ik &R 4
B, KRR T 2-VO, WA 4-VO &, RJ5#H
TSPy 10 05 0t 378 et 25 BH 080 RS 14 d B
IR HE B A R 5 U ) SR AT K oK B S T ke R4 [
)R h A, ARG 3 4 A B LT R F R
H KK (H N AT BEAT ™ #2451 . Mansour
A5 S e A 4 R AR 5 U BB 3 ik e A A R ek
R BACO BRI B T 30T 3 R il VEXEE
Vidyanti 45738 53 516 7k A 45 FL A BRI 3508 3h ik,
1 J ) 0 25 LA M SR Bl K 30 min, JE ALK R
BACO 18 PEfG S A | B T ShsET- %,

U555 50 Jik Bk 25 ( BACS) |, 23 3 7 P 45 20
S JE] FR Jig E  Be BEE A  k TE 5 E 1) i PE AR
VDN FRURE AR 28 B (1) AR 4 R ) A 2 Y T R R
B RS R /MR, 0. 18 mm 2R Fi
B, A5 0. 18 mm k18 (15%) #LE,0. 16 mm £

RIHIBET R 5 (75%) ,0. 18 mm LB E2 h J5 5§
UG 10037 5 8L 60% ~ 70% 27 A IfL I = 14 K 20
38T it A 5 B A 38 35 P, BACS RTAA & I A 5 Y
JRAS AT AT, RS 1 S~ 6 A, #ET K%
B, A AR L B2 2 0

A X FR S B0 ik B ZE B Y ( ACAS) |, & ik 77
C57BL/6 /INFRAE A 305 3l KR A [R] 1435 8 26 B
TR S S /N B, 38 A R A 3R B bk A ik
BEARAE A TEZEN B8 Sh ik Ak i B R e T R 2y
509% FO BRI 1210 SR 3500 Ji L 37 e 0 D2 4
BACS AN, Y-2K B ML 278 ACAS 14 d ZJ5 /MR
HIZs EC AL 2, PR R, ACAS JRizsh P&
BN WA B o s e S i X S T R IR
REZ >

DA P Bl bk P ZERE AL (MCAO) |, A5 B 2 3 o
PO 22 25 BH ZE R ik v 20y Jk ) 2 1) J) ke i afe ot A5
B, SRS RN A, ZRZ%RE T4
2 TR ok P 2E K 3 ik ok il A5 AR R I A
Y] FH AR A A B e o, s e i P R A A R H
TSR A FH A G e i A rp R TR 2 — 22 2 BH 2E K i
H Bl koGS RIS B A B S S A7 14D G gt i 453453 , A2
4 DX 38 2 B AU 2 I DR SCIRAR ) Delattre
AT K R R R R B, FE I B 6 A~ H S
MCAO KR H B2 > 2 [BE 2495, CA1,CA3 X
Sl P VA A 2 AR R B SR AR 3
2.1.2 i gAY

(1) b 2E15 T fe e

2R A A S R R K R G (KR B
i (/N PRS2 SR R (ol i B 21 B
ZLBEARIE B) ARl i e (G882 480 ~ 560 nm )
R 206G S B O B S i 8 X s, 75 & R P 7 A i Ak
SN BECAE A 3 SO R N 2R,
BB AL A 000/ HR SR, 5 1R R 5 A e i LA B
NG A 6L ) BE T, TS A e i X a4 Sy R A i AR A A
R0 RS KNI A . TR LUK, K
0 Bz JRTERE ZE ST 1 4 h ] WLER B pl 2 o0 | IR 4N e
FEAk, JERRETIS 1~4 h n] WLEEH 40 g d v | 4%
FNANH A i 250

(2) N J =AY

PR 21— b Y B A0 7 A R 5 5
WS 7R K, 308 SR PR I A8 S 8 DKM 2 T S AR
] 3 A ok ) 4%, 5 I A T A A RO I A5 5 e A
X RS YE A N /N B, Dojo Soeandy %1%



124 Fp ] PR R 2 s 2022 4F 5 HAR 32 4855 S Chin J Comp Med, May 2022, Vol. 32,No. 5

I AE /N B R 5 P B -1 A )
oA FER AR 20 i P S N B -1 T R 3 e
F1 C57BL/6 /N ER RIS [ RS A BE T, N R -1 515k
1) e AR A 473 S5 I i S 30 ot 28 S R A R
Je B B, r 40 A RN B B A 500 T BB SR
Th, WEAMNEN R F-1 A T J5 S fb e g o M g 241
AL AT W 5] i o 20 2R i SEURN K T vk 2 e A AT T

(3) THiieF e

TR 455 R 5 5 A 350 P9 2 ok A 3 ik b R
ST A RIS 5 A A% S5 F R A ) i AT
B, BB H O R, SR R AL R iE o
AR EE S K I 0.5 mL, A 50 em £ Y PESO
BN, IR 2 h, 4°C KA CE 22 h, 55 ECH
5 em—BL, WA PESO BN, EE WS ESE 1 41
FoA AR K T G A% A R K R Bt &
B A AR A AR T AR
BIESFE A 2 mL 221l SE PN 125 BA7EE I
B I AE , 40 min J5HIAE 0. 2 mmx0. 5 mm K/,
FAAFEER AR A 1 mL AR TR A, & A ik R
TR IR AR I AT B LB 3R £ R 2 i
MARARERY ke AR | AR I R B TR 22 2 2
SRZETT & AR B IR R 7 Ry B4, 28 TTC G fan]
UG RTRIO TR S i ok N oI NS 2 7 s g = B A
MR ) MR, A e AR R 8 A S REL i
e 0 275 P R 0, AT AL A AR SO A A B S R EE A
i GE RGN, i AR T RN R T D R A I A
5 290 it ) 5K vk i 2 e e B TL R B

(4) = GAAERIF K I il F A5 7R

T R = 8k (FeCly ) 345 K ki v 50 ik
ERE 5 R Bl K AR B B, 4K 171 3 B =) 350 i 58 E A2
AT AT , WA S Wi E KL, FeCl, [
S I AE PR T S 2 A4 ) 453 05 /DN A 25 4 Rl A4
FE R, 72 A 3 PR A8 AR 0 I 4 4 1 e v E 0 TTC
yeto R B B Y, A AT X IR e, B A A T AR
B3 K, AT W BRRIE 2 R AT PE Al A] ke BAR R 5y
YIAE RIS TS BRIV 300 A R, K BRUAE i A T
B 4.8 B 24 h AT ok RS R A B Y
2.1.3  fi ) AR Y

(1) AR I 3 S A Rt o 1 A2 75

ZBEHLE DUAE T2 AL F R I A K BB P
SE TSI B A i, H B ARG A e A0 A5 P R T v
36 i 2 205 S ) el A 2H 2 e 0 I o el A2 1
BRI FR S0 0 A5 B ek A i R s g

SRR, B MR ARG P 7 5K 3 A A
T PR L A ) A A AR L I A B S AR S 7 T
i3 Ok A 2 o R A, F AR IR
U5 IESh Ik S ik o W 25 ) A K% Ay 2 ik 2 ol o
M Zr 2RIk, FEmxEa 1.2 f13kZ
AU SRS A R BRI ST A B
JFE Bl bk i e 1 AR A A AR ) v AR T Bk L ST A
PRI, A2 X0 A A4 o] 5 O () R B e, B
AT XREEE T 0 H i DX AT B S A ot R BRI K, B
FEIZK M DX 2 2R 25 R i 3, i 22 e %k H B S /b | HE
FNZERL, 3 0T B K i, ] D 358 22 1 o o 24 R
THE R IN G T3 448 L ) 185 A= K

(2) G s i R 25 0 A 13 A 7Y

SR FH VIR Jise i i AR JHF 28 A 3R 7K W AR
S RAZ 5 A M LA TR R 3o A i I ) FH
JERC B 2 i 40 0] J5 0 I 65 R 8 e DL P, 5
JRIEBIB AL, JFF 2 A A58 10 M0 VAN 6 1, 184 Rt i
TR, RS 2 R R B, 2 S T A i PN B
ISP I D P LAt T V2 AR BRAR K, 46 T I
TE BRI 32230 16 PR 2R i Hh U Ol 2o pf 22 3)
REIV A3, 29207 V2 S 1 R B 7 i i ek 72 B s 2 4
PR S B P 22 D RE A

(3) B & & I g 1A 7R

e v i e A R o ASE 7Y R H iR 4
Z AR A4 AR 3545 BE RT3 & 1 8 i e
KEL(SHR) 1.5 & A g il e K B ( SHRSP ) A AL
DL Sl 55 0 o, T 7E EL A R i 5 RO R ) 2
I HEAT IR A B | B R R R R R, R R )
P ETr R, fE SHRSP KB MRT HomT UL2% 51| (4 Jii
(e VB A5 . Mustapha % 5% & 3 SHRSP
KR/ AR sk /0 ] B8 T BT T RE B , s
6] TAEICIZ A B 7, VA SGE Sh I RE R
2.1.4  HAbiR

R 1L A5 1 DA 600 B i 194 R O A 6 PR 38 D A 3
PR T I &t — 6 507 455 AU 40 i JE A A I 45 e
(CAA) BRI 5 Yee A S £ Bz A 58 01 i
F4 50095 ( CADASIL) #8704 — R RO g
AN B AL (CSVD) 7 g B A LA R AR Al
VO B 099599 12 Wi 25 i R I & 0 96 ik 45 7 sh WA
T (NS IR ) 3 A AR Sy B 9 A
PEINHIBE AR AL T B 2] B
2.2 EH PSCI zhi#&E Rl

PSCI 5 # 5L fith 3= %2 5 K 1l iy 49 iz J2 B 3 A



Fh ] P R 2 s 2022 4F 5 HAR 32 455 S Chin J Comp Med, May 2022, Vol. 32,No. 5 125

O ARG LR i (]2 25 vh A R AR SR Y 6 A
RN FREAFAE 3 S H DAL AT DI RE A2 [ R
R BE I BTt UL R IA T RESZ R

FESL R SE B RIFSY D 1T, VCI SE5G sh i LA £
TP, H gl Wy 07 2 80 i, B ETAR IS Val
FHIEC T & H— 2207 A RO PSCI 1 B A
RURHRI LD R Z2 340 52 W VI 3 AR 5125 4 52 1 A
AL, (BARYE PSCL By SR FZE R4 A M, ] %
PSCI Bl A5 1Y ) iR 08 s A XSl K A I 2T iy 1%
T VCI, VO BRI R0k 2 185 5 A ZE R AL AN
P9 J R ABTRIA H38 FH T PSCL AR il 4 (A 55 VCI
AN]SR T ) 57 451 SR A I B JZE . PSCI
e WY B AT R B AT DI AR, IR 3 Ik B 54 23 52
M PR AT D BE TR BE AR R g M, ik, PSCl
Sl WA S A 1% 52 45 B0 T 11 I B 2 B8R
Sk EHE R sk, BAESG RE AT E 6 A
PR BRI S A A R, X RE A A S PSCI Y 4F
fE, Sadigh-Eteghad % 3 i 76 i BALB/c /MR
PR F BT B LT (150 pe/g) YEHUSEL, FIH
POCTE N BB 1y 450 - B J2 DX IR 15 min 55
JE R, PSCI #5#Y | Livingston-Thomas e [40] 598 ) 7E 1
P SD IR Bl A SN RIT 25 P g 22 57 AR 5 A8 T3 5 P B
-1 R ks AR DA BE A 1)
1~4 AR AE TR T E R
W& A & SR B ok e A AT AL, SR B
TN TSR S B A B R S A S W W 1A
PUNRE S AT 2R R0 1R J5 T & A= 2 28 Ak i X A
AL 5 NS AUR BN RS AR Ry AHARL, PRI 7T R
A B TWE 0B 0 T U it AR A P S AR B

3 RELTH

AR B A5 B DL LR s P a R ) 5
RN FN T BE AT BEAS: | (EAS [R] ) 2 ) A 75 22 AN ] 1)
RS R 4 i e i ASE 7R AT S 35 K ki 7™ B s i
ELA R AP ml 88 M (H I B Y A 451 4 i 4 201
[ ot 2 e LA 28 B, XA 0 B 0 i 0 2 B
2%, MCAO Sz FH A0 M ke i A 780 | il 5 A
it i M i A B SR AR AR, (I Y ) e e R 2
SRR ALKES S, XEANLT EEFI
7 BACO J&: 1 FH ) 12 (012 e o 9 0 R A2 K
SRR 22 — R A0 ] 3 B L DA A A A I B 3 i
TR TN E N R 5 1R A ik B B A
{HZ AR 25 X AP 28 3 B33 40 , 52 LA H1 D B 1Y) 1

fifi o BCAS N Ko A4 28 () 30405, FLIZAR R B BB T
R, Ty 4 il G dfe ot 7y 7™ B R R, LA R AR ]
A, AT DIARLE A W8 Z2 M0 11 5T 1) 9 A8 I B 22 45
FtE S Te ek oA R AFSE VL i 5)
YIRS, FZ B i R B RS 1 6 S L
A RESAT A WA BEANA T N AR AE Y HAE ARG
SB35 B e B A R L B A I 3 e Y 28 AR R
FERIPEA R . ACAS AT W2 S iR 1L 37 2 0 2
TS RN = D10 1 A et N oA O e e e | R T
IR TR S, REAE S0 IS0 N 08 A 7
AR 22 RAR DL . (H IR A 5 AT ACAS
AN B AL AE A AR, H AR M R, 1 AR
TR M35 B B, Ak 2 AR m ) S R g v 7E
SE M X ATl 2k i 2 LA R A
FET- 3 FEHE X SRR /N o S O ) (R A A [y
Bl R Gl A AR SE ST %) 40 B 3 2 R A K
R & Az, L i A o o S 1l 2, X 5 B i AR ep
BB 0k o R N IS B I 3 i 7 1
DXk = il BT I A RO 25 . R R A
TRV I P DX S A A A, PR B 3R ) VA 2 5 M e . 1)
FEE AR RRSL A E] DL K F R A B B L K
AN AR R e SR N P R R B R SR 2%
18 AEERE 32 Sy K b PRI 2R U B U 1Y
B ERGA HORES . e AR T rt-PA H
RAEFNBE IR A5, o B A B2 5 N5k
FEVERG A e R — B, (HABAF 7R A T B9 R/NAS T
P RRIRRT ()4 AU T A g i HLA i s i i XU
FRBRAE0 = AAER TAR ARTRY  5 lf PAR a
PR TR B A o 3 R AR R, ot A 5 A7 T 2 — bR
SRV TR 25 FA #2247 85000 g i AR S 7Y ) {H%
REFRUR 22 Ah S sh ) 8 S B LB J5 &5 W sh )
P AR RIS, 1A M L3 0 A o 1 A 5
I FH e 22 H G H I sl AR R 2 — | B T AR 2
Wy XTI P R VA | ki 7 e P P R e S G e
FIAH 22 ) R I8 R 3R o ABL IR 50A B 1 L Y €
[ AS AN SR I AT I A A A SR R A e B () PN 5
B, 3% % 4 N B AR R R B R v,
Hb B IE ZE i AT BE A5 47 ik S 5T, I A B L RO B
G o E St I 28 1 S A TR 45 4R 7 5 it b /NI
A EEMEL ER IR, AR iRk T
DAAE B A A S 5 B0 LATB IR = | il B A
IR | 55N 28 Sk gt o g P o R — B S
R BB  F) f ack R 2 s Rk, A



126 P A PR AR 2R 75 2022 4E 5 A5 32 %45 5 W1 Chin J Comp Med, May 2022, Vol. 32,No. 5

J A R I Y S TR AR L v S SO A
NS AR A B R 0 3R i sh B AL, i AR A AT
N B G 11 5 AR P 33405 , 20 F VCT il Bz
JOT T S LA O 179, KRR A R A 4 /1N T g S 3
PAT DI REREAR , HOAN N D AR (0 AR AL AT 75 220 2 1 ia
SHTREPFI SR IER

VCI 1 PSCI 11l PRA2 W J5 15 AL 46 pf 2800 B 2
PR M A AR R AR BOR e RE R
A SCI A AT | F ARG I AR A A TRRG A 4 I Bl
il T AN A VR4, 2 Wi bR E IR T RS . E
SEnl A 5% 5 T, PSCL 1Y 3l 9 455 8 )7 X T VCL,
VCI BB RUAR X B H 2 PSCT B il i A
TEYH H AR A1 1, R 2 2R VCI 3
R BT LAEE XS ZEREBFZE 4 PSCT BB, H AT 2% 18
PHAN TR, 55 1. PSCI 7Y 07 SR AT oy 30k (s A5 A 78
SRR B 220 5 2. PSCI R ALK ] Fh A
J5 FORTEM AR 5 ) 2 75t LA T DD B TR R B
REJTBEAT . WA T 1k WS e — i PN IR &R
XFFHEST PSCL SR b AN ] 7>

4 ING

HaiH T VC B sh R 2Rk %, &
ABERIARA 25 025 vk AL Sl s, BF 58 34 T AL
WFFE H RIS RYRR 55 &, 647 16 435 VG JE 32 48 15 1)
BRIV T0E9E ., PSCL 1Y Sl A5 R0 () 52 il 17 B A TA
PV A A7 458 3 LR AT BE M 5 N 2R A 5 A
fidFMl, T VCI,PSCI %3 A< B 1 &2 2=k, i —
WERARBIR IS I & W80, HAT & T & — 2t
AR e = X B — 3 AR A G i AR AR 1Y
FAFSE, T VCI 1 PSCIL B9 PN & s AL i v
RENZ R, B K 04y FHLE RS0 % 2 2y
ZA%, BT AT & RS 58 55 B il AT A A8 VCI,
PSCI i FIAFE s B A, 2805 &I R, R
BEINEEER A B E H B R VCI 8 PSCI
FRIE BRI, bt 2 i PR s i | 5 PRI AGE ) 46 1 R
1) 2 J FIAS [R) PFA 48 s 0 B 23 I T, K oA oA 6 o
AR5 RN 43 F IR T7 $E S B IR AR B 5
A Z A 68, 454 HP S A TE f5 B IS AP I AY R
WIS A (A E 245 5 1) sh A AL | Sk 2 48 A58 IE
TS 25T AT I D RE RS TF G T RS,

S 300k

(1] HHEAESES, ARENARSE L RZ RS APEIA
HIFEIFE B L R ()], PR L, 2017, 12(6) .

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

519-531.

E R TAARREZR AT M PRI IR B 191297 ML (2020
AERR) [J]. @RI SEE , 2021, 19(3) : 197-199.
K, EE, RIRE, S AR AR AR AR
FASZHUAEIEL [T]. P EBAEEIE, 2016, 36(2): 509
-511.

Erkinjuntti T. Vascular cognitive deterioration and stroke [ J].
Cerebrovasc Dis, 2007, 24(1): 189-194.

ladecola C, Duering M, Hachinski V, et al. Vascular cognitive
impairment and dementia; JACC scientific expert panel [ J]. ]
Am Coll Cardiol, 2019, 73(25) . 3326-3344.

FRRAE. b A B VA RS 2019 BESE [T, ol [ A 10 A
ik, 2020, 17(5) ; 272-281.

Zhou DH, Wang JY, Li J, et al. Frequency and risk factors of
vascular cognitive impairment three months after ischemic stroke
in china: the chongqing stroke study [ J]. Neuroepidemiology,
2005, 24(1-2) . 87-95.

Zhang Y, Zhang Z, Yang B, et al. Incidence and risk factors of
cognitive impairment 3 months after first-ever stroke: a cross-
sectional study of 5 geographic areas of China [ J]. J Huazhong
Univ Sci Technolog Med Sci, 2012, 32(6) : 906-911.

Qu Y, Zhuo L, Li N, et al. Prevalence of post-stroke cognitive
impairment in china: a community-based, cross-sectional study
[J]. PLoS One, 2015, 10(4) : e0122864.

Forte G, Casagrande M. Effects of blood pressure on cognitive
performance in aging: a systematic review [ J]. Brain Sci, 2020,
10(12) ;: 919.

Skrobot OA, Attems J, Esiri M, et al. Vascular cognitive
( VCING ): the
contribution of cerebrovascular pathology to cognitive impairment
[J]. Brain, 2016, 139(11) : 2957-2969.

Bergkamp MI, Wissink JGJ, van Leijsen EMC, et al. Risk of

impairment  neuropathology  guidelines

nursing home admission in cerebral small vessel disease [J].
Stroke, 2018, 49(11) ; 2659-2665.

Hort J, Valis M, Kuca K, et al. Vascular cognitive impairment ;
information from animal models on the pathogenic mechanisms of
cognitive deficits [ J]. Int J Mol Sci, 2019, 20(10) ; 2405.
Wardlaw JM, Smith EE, Biessels GJ, et al. Neuroimaging
standards for research into small vessel disease and its
contribution to ageing and neurodegeneration [ J]. Lancet Neurol
2013, 12(8): 822-838.

Kalaria RN, Akinyemi R, Thara M. Stroke injury, cognitive
impairment and vascular dementia [ J]. Biochim Biophys Acta,
2016, 1862(5) . 915-925.

Gorelick PB, Counts SE, Nyenhuis D. Vascular cognitive
impairment and dementia [ J]. Biochim Biophys Acta, 2016,
1862(5) : 860-868.

Graff-Radford J. Vascular cognitive impairment [ J ]. Continuum
(Minneap Minn) , 2019, 25(1) . 147-164.

i RV ph s i 2 ARG S RS Bl 22 5143, 2019 4F
AR S IR 48R [J]. PB4, 2019, 99
(35): 2737-2744.

Gorelick PB, Scuteri A, Black SE, et al. Vascular contributions



e LA R e gk 2022 4F 5 A 32 58 5 b

Chin J Comp Med, May 2022, Vol. 32,No. 5

127

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

to cognitive impairment and dementia: a statement for healthcare
professionals from the American heart association/American
stroke association [ J]. Stroke, 2011, 42(9) . 2672-2713.
Neumann JT, Cohan CH, Dave KR, et al. Global cerebral
ischemia; synaptic and cognitive dysfunction [ J]. Curr Drug
Targets, 2013, 14(1) . 20-35.

Chung Eh, Iwasaki K, Mishima K, et al. Repeated cerebral
ischemia induced hippocampal cell death and impairments of
spatial cognition in the rat [ J]. Life Sci, 2002, 72(4-5) . 609
-619.

Tuo QZ, Zou JJ, Lei P. Rodent models of vascular cognitive
impairment [ J]. J Mol Neurosci. 2021, 71(5); 1-12.

Lee TK, Kim H, Song M, et al. Time-course pattern of neuronal
loss and gliosis in gerbil hippocampi following mild, severe, or
lethal transient global cerebral ischemia [ J]. Neural Regen Res,
2019, 14(8) . 1394-1403.

Washida K, Hattori Y, Thara M. Animal models of chronic
cerebral hypoperfusion; from mouse to primate [ J]. Int J Mol
Sci, 2019, 20(24) . 6176.

Mansour A, Niizuma K, Rashad S, et al. A refined model of
chronic cerebral hypoperfusion resulting in cognitive impairment
and a low mortality rate in rats [ J]. J Neurosurg, 2018, 131
(3): 892-902.

Vidyanti AN, Hsieh JY, Lin KJ, et al. Role of HMGBI in an
animal model of vascular cognitive impairment induced by chronic
cerebral hypoperfusion [ J]. Int J Mol Sci, 2020, 21(6) : 2176.
Delattre C, Bournonville C, Auger F, et al. Hippocampal
deformations and entorhinal cortex atrophy as an anatomical
signature of long-term cognitive impairment; from the MCAO rat
model to the stroke patient [ J]. Transl Stroke Res, 2018, 9(3) .
294-305.

Bink DI, Ritz K, Aronica E, et al. Mouse models to study the
effect of cardiovascular risk factors on brain structure and
cognition [ J]. J Cereb Blood Flow Metab, 2013, 33(11) : 1666
-1684.

Frauenknecht K, Diederich K, Leukel P, et al. Functional
improvement after photothrombotic stroke in rats is associated with
different patterns of dendritic plasticity after G-CSF treatment and
G-CSF treatment combined with concomitant or sequential
constraint-induced movement therapy [ J]. PLoS One, 2016, 11
(1): e0146679.

Labat-gest V, Tomasi S. Photothrombotic ischemia: a minimally
invasive and reproducible photochemical cortical lesion model for
mouse stroke studies [ J]. J Vis Exp, 2013, 76 50370.
Uzdensky AB. Photothrombotic stroke as a model of ischemic
stroke [ J]. Transl Stroke Res, 2018, 9(5) ; 437-451.

Nepal G, Ojha R, Dulal HP, et al. Association between
Lys198Asn polymorphism of endothelin-1 gene and ischemic
stroke ; [ J]. Brain Behav, 2019, 9
(10) ; e01424.

Dojo Soeandy C, Salmasi F, Latif M, et al. Endothelin-1-

A meta-analysis

mediated cerebral ischemia in mice: early cellular events and the

role of caspase-3 [J]. Apoptosis, 2019, 24(7-8) ; 578-595.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

A, AESLAE. ANBIR SR [ M. JEa: AR
DA A, 2008.

Bang J, Jeon WK. Mumefural improves blood flow in a rat model
of FeCl;-Induced arterial thrombosis [ J]. Nutrients, 2020, 12
(12): 3795.

Kurz KD, Main BW, Sandusky GE. Rat model of arterial
thrombosis induced by ferric chloride [ J]. Thromb Res, 1990,
60(4) : 269-280.

RS, FFICH, B, It sh P i 5 i R AL T
[J]. hAeszme sl Zeas, 2018, 35(2) ; 388-392.

Ege, EUI, B K A 2 St 06 3l i i A R ) o A
[J]. 28 RlaF, 2009, 26(1) ; 38-40, 51.

Mustapha M, Nassir CMNCM, Aminuddin N, et al. Cerebral
small vessel disease ( CSVD)-lessons from the animal models
[J]. Front Physiol, 2019, 10; 1317.

Jikel L, Van Nostrand WE, Nicoll JAR, et al. Animal models of
cerebral amyloid angiopathy [ J]. Clin Sci (Lond), 2017, 131
(19) : 2469-2488.
Wallays G, Nuyens D, Silasi-Mansat R, et al. Notch3
Argl70Cys knock-in mice display pathologic and clinical features
of the neurovascular disorder cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy
[J]. Arterioscler Thromb Vasc Biol, 2011, 31 (12). 2881
—-2888.

Niedowicz DM, Reeves VL, Platt TL, et al. Obesity and diabetes
cause cognitive dysfunction in the absence of accelerated B-
amyloid deposition in a novel murine model of mixed or vascular
dementia [ J]. Acta Neuropathol Commun, 2014, 2. 64.
HAOW, EPe, XS /0 A BT 4 3 4
[J]. HhE AL, 2019, 14(5) : 497-503.

AL EEV, XV, AR MRS SR LR IE R R AL R
fiE By BAE UARARBIESE (], HEM 22, 2018, 43(4):
786-793.

Sadigh-Eteghad S, Geranmayeh MH, Majdi A, et al. Intranasal
cerebrolysin improves cognitive function and structural synaptic
plasticity in photothrombotic mouse model of medial prefrontal
cortex ischemia [ J]. Neuropeptides, 2018, 71; 61-69.
Livingston-Thomas JM, Jeffers MS, Nguemeni C, et al.
Assessing cognitive function following medial prefrontal stroke in
the rat [ J]. Behav Brain Res, 2015, 294 102-110.

Sommer CJ. Ischemic stroke: experimental models and reality
[J]. Acta Neuropathol, 2017, 133(2) . 245-261.

Lee ES, Yoon JH, Choi J, et al. A mouse model of subcortical
vascular dementia reflecting degeneration of cerebral white matter
and microcirculation [ J]. J Cereb Blood Flow Metab, 2019, 39
(1): 44-57.

Barthels D, Das H. Current advances in ischemic stroke research
and therapies [ J]. Biochim Biophys Acta Mol Basis Dis, 2020,
1866(4) : 165260.

B, B, A, 5 LI AR h KUBEEL (¥ BT 58
JE& 1], PE PR 24, 2019, 29(8) : 135-141.

(Fs HH#A)2021-04-19



202245 H P L R AR May, 2022
$328 HSM CHINESE JOURNAL OF COMPARATIVE MEDICINE Vol. 32 No. 5

B, PhIE, P, OB EEMALE ST ()], T E R AR, 2022, 32(5) : 128-131, 137.
Shi BY, Sun HS, Li Y, et al. Mechanism and metabonomics of atrial fibrillation [ J]. Chin J Comp Med, 2022, 32(5) . 128-

131, 137.
doi: 10. 3969/].issn.1671-7856. 2022. 05. 019

0 B BB HL 5 1R 4 W 5

wEM IS, F

(LA AP B R 22522 B, 5 g

250300; 2. L 7R H B 24 K2R B e 245253, 5 rg

wnL,E B KRFIR

250014)

(FAE]  OHRW RO R — O 5 WSR3 WL O e (E g B AL A 1
ARoE4 BT, 250 AP B B A0 KU, EL A8 TH RlA 7 AR 8 5, 48 I PR T AR R R PR, I 4Rk AR
WAL A AR R B B bR G 2B AR D7 AN BT IR A o RSOt B B R WL AR 2L 2 0F 5 O ik A I s B

AR bR S AT ERaA , LI B B RS T 75 AT I 54 R Lt
(K#R]  Fu L QA LB bric

[HESZES] R-33 [ THEE#RIRAE] A [ XEHS] 1671-7856 (2022) 05-0128-04

Mechanism and metabonomics of atrial fibrillation
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(1. School of Pharmacy, Shandong University of Traditional Chinese Medcine, Jinan 250300, China.
2. Department of Pharmacy, Affiliated Hospital of Shandong University of Traditional Chinese Medcine, Jinan 250014)

[ Abstract ] Arrhythmia is an early abnormal manifestation of the heart. Atrial fibrillation is the most common
arthythmia in the clinic. However, its pathophysiological mechanism has not been fully elucidated. The risk of arrhythmias
in drug therapy and the high cost of catheter ablation are clinical challenges. In recent years, metabonomics has made great
progress in revealing the biomarkers and pharmacological effects of atrial fibrillation. This article reviews the pathogenesis,

metabonomics research method , and biomarkers of atrial fibrillation to expand research ideas to prevent and treat atrial

fibrillation.
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[ Abstract ]

morbidity and mortality. Cerebral collateral circulation has a positive compensatory effect on ICVD, which is often caused by

Ischemic cerebrovascular disease (ICVD) is a common central nervous system disease with high
atherosclerosis. In recent studies, various physiological and pathological processes of cerebrovascular atherosclerosis and
establishment of collateral circulation were closely related to miRNA that has the potential to be used as a new biomarker for
diagnosis and evaluation of ICVD. This article reviews the relationship between miRNA and cerebrovascular atherosclerosis,
and the establishment of collateral circulation in ICVD.

[ Keywords] miRNA; ischemic cerebrovascular disease; atherosclerosis; collateral circulation
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St 1l T 5 | 2 Aol e L G (R i A e
BPERBR 0 AR AF ) 1Y & AR v file il P g A v A
SH UL, T LA B AN 87% ' Bl Bk ok B
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it i 00 S AR A F) 2 S X R o EL
BIVEFH ., miRNA 7£ ICVD Y& i AL o 25 5 2 Y
PEAER, 5 Sh Kok AR R Ak 0 S A PR 45 % DI AH G
JEUTARR AR Y R 2R R R iz — ) B
W5 0], miRNA 5 ICVD ki 1453495 14 98 e 5
SR L A AT O T A A T B R 2 DA
S AR SCHE miRNA 76 ICVD IRIMAS AS 19 48 5EHL
il S A S G ER S R P M R TR, R
K ICVD WBR R A R

1 miRNA &

miRNA 228K FEZ 22 ML, B4 &
FERRSFIER IR TSR S B5E RNA 31, BEfgE i
5 %45 4 B H L) mRNA 8 37 AR BHIRIX (37 -
UTR) I, B A5 R S0 3 ) mRNA 1l 2 30 o H 80 2%
PIFERT, NI 2 5 % 53 0 6 IR e 3B 9%, |2 A7 7
Tt B Kk Y miRNA A] LU i 5 A
o7 A0 I DR 235 5 T T ARORE S 5 22 A LA A B
PR R AE R A Y A 5T R R,
ZWF R, miRNA 76 & A BEHOE Bl 4 j A=
o oA A A B S e A v R PR A R A
FH, 5 3 Jkooks A A £k e il G A H R O I A
YA S 95 s 1 A s LT A A 5 A A OG5 T HL
miRNA BERE7E AR s A R b ke e vk 3R 58, B RR
FEAE T IR NG R miRNA |, B R B
TR I PF A 0B AR AR B E R
A A
2 miRNA BENSKERESS ICVD HEI31Rk
R 1L T 72

Sk RERE L ( AS ) S —Ff 55 119 18 1 R P
I, FLRRAE 2 th 3 22 09 i 5 AR 2 4 400 it SR AR
EREIE IR P S B B A . AS & ICVD &
o ) B LA B R 28 2 — |, 2 TR FIR YT ICVD 9 56
STES . 2T R B, miRNA 595 AS 1
LA N Bz B0 AT BRE e 118 1 28 I 1 A T i 25 3k
NI SO I A A 15 & ICVD, P A Tfig
BRI AS A B 4o ik & LA, ik — o5 B 45 313
#IN A, Liang %M G of @ 7 BWASE A E
(ApoE) 7~ FE A R /N BUAY AS BEAY | 2 P miR-155
AT L3 ek S ] 40 ) i AL ARNT #4511 ( brain
and muscle ARNT-like protein-1, Bmall ) 755 P4 Bz 4f
O T A AE SN, S HE AS B KR, HAh , miRNA
o] LA 981 A0 A S RE RS 5 AS

PRI . miR-21 J& B REI A h Rk R EE
miRNA | E LI miR-21 A8 ] LA I P40
Mo F (TNF-a  IL-6  IL-1B) B 2635, 12 AS JE %
$01 ) A BRE Bl R BE R I A S, R, miRNA 7]
DAE LT RAE I N S5 AS BB &Rk R
R, WA S ICVD kA, A 2T &M,
miRNA 235 R 318 SR J 8 22 (0 i 92 [R5, AT DAl
it Z R SAE (5 538 B R4 AS 1 JE B S AR, A
MZ5 AS By,
2.1 #ZEF-«B(NF-xB) 5 S5iEK%

NF-kB J&—FE 554 S 7 FETCRI SR T,
L5 B 5190 (1B ) FHELAE FH B e 25 70 4 it 5 o5 24
Z BN RIEAT T BT, 1B B (IKK) & 6 Yok iz
b IkB FECLE FIBHARE M, T NF-xB 15 LUBS i
HEAAHIAZ I 5 4 ML R B o3 1 AR R AL IR -
TR TR RIEE S5 G, T T AS 1 50 I
R, NF-kB 225 R RAEMN FEER, 5L
miRNA Al 3E 1T NF-kB & 182 5 M55 9 5 F1 4 M
o5l AS AR ) YIRS A BRI R T, MiR-
181a-5p il miR-181a-3p 43 %Il i & ¥ 1] TAB2 Fil
NEMO K BHWT NF-«B {555 30 i f 80 | 30 5
Jok PN Bz 20 B9 ( human umbilical vein endothelial cells,
HUVECs) 19 % B 53 F 22 35 DL R B 20 Jf 5 P9 2
B AR ELVE T TR 1) 92 Mt v 0L 7 98 5 | A Y ol
RAE, NI HELE AS [ B2 | Dong 251" i
X R ot A g A A R A TR R AR A SR S A T BIE Y
KB miRNA-22 AT DL 3 p38 MAPK/NF-kB 342
SR e L A A S R ) RARE SV, 3 A, Wei S5
3T /AT miRNA 78S AL AR % IR 2R F (oxidative
low-density lipoprotein, ox-LDL) i5 & f) HUVECs i%
AR B AE 2 s 1 2 P MIR-345-3p 3 i3 #8 i) PY J2
i i TRAF6 S| TAK1/p38/NF-kB {5 5 i i
OO T2 T 1 ox-LDL 5 |2 i 20 Bt 8 T F1 48
JER N, I, miRNA 0] 38 i B B NF-«B {5 53
%, S 5 AS B4k OV L R,
2.2 Toll 3 4( TLR4) (55 1B

Toll #E3Z 4K 4 15538 BEAE AS B 25T S AR
JRRR o AR bR % S AR, T DO B S R
NF-«B i 5 204 Fp 28 7 (14 7= A7) il miRNA
Al TLRA (5538 %S 5 AS B i g iR B
FIRAE RN, A WF9E & B, 7E ox-LDL % 5 THP-1
EL W20 AR A AR S 36 v TLR4 Y2634 DA ) 115
AEASE Ty 2 TN, miR-370 fiY 2 25 ] L AH ] £
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eHME T [ BT 55 3IESE miR-370 7] 3 3 # [ THP-
1 E W4 A TLR4 987 ox-LDL fiilt & (4 1 8 4%
FEAE AR B Y A g A A A B £ b
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vt 3 ok ks A A Ak o Y SRORE R L DL AT R
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AALA AT 3(NOS3) & miR-195 Fl miR-582 1Y B
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e i A i 2 ) B P R KL 200 i P 1 A R i A R R
)B4 ] P R AL A M B PR T, 17 Zhang %55 B 5T
S B B B A (9 miR-210 AT LA 2 F 3 MCAO
/)N RS TR i ke 11 9 A8 X I ) HE B R B3.CD34 (N B2
M AR i W) A N A K A F ((vascular
endothelial growth factor, VEGF) [ 33 | M i 2 it
P A 453 A DX 388 I A A B, O — T 5 UE 52,
miR-26a 7] DLi# i PI3K/AKT A1 MAPK/ERK & 2
R AEE SN - la(HIF-1a) B35, /M5 VEGF
F14) 27t SR 136 1 AR 2 M 0 A6 P B 00 S 1 45 O
FRITEH 398 5, DT 2 A A A A K BRUASE AR A a4 A
B LA R ST 4 R W, miRNA A] DL S A S
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Notch 1553l 15 VEGF {5538 B2 JE 5 A4 1145 2
W, N2 5 1CVD M SZAEFR B et A, e dike o,
T AR T R 32473

4 miRNA 7£ ICVD B EN A&

4.1 &N miRNA {24 ICVD 2 Bf i&797 . T/
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ZIWHIEYE K W 10 2 PP 2R miRNA (9%
RAKETE ICVD KA A B 22 SRR Ak, 4 7T fiE Al
RS W A SRR IC T Tiedt % il
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At e X IR 32 103 AR AS v B 28 miRNA #E47
ZEG VRN, K BLPE A R S8 P ) miR-125a-5p . miR-
125b-5p A1 miR-143-3p 5 AIS ¢, HA B E M
JEHME(85. 6% ) 551 (76. 3% ) M @ it 2 T
T AL(AUC) {H (0. 90) ; 1M FLi2 Wi 1) 2245 28 3k i
CT F1H () R I B 4 28 0 4 S e s A Tt L 13 4
M2 6 19 AUC {H ¥ B W AR FiX 3 Fl' miRNA,
Chen 250V 53 & BRAG B4 41 1 48 miR-223 A 38
5 ALS By A A ™ d R EE RN 0 I fS AH OG , ALS AR
H R 72 h NWAME AN A miR-223 1Y %3k K P
3 v T R R L R KT 55 I E ST T
A= WF 5% B 26 v B 32 ( NTHSS) 143 2 1 A0 06 5 37 3
A H, miR-223 & F B W AIS B #F 5 ) %,
Huang el %k BB koo R RE 4k ( carotid
atherosclerosis, CAS) 3% 7N ML H A9 miRNA F1{E
R F M FIKKFHATHIE, K CAS B &
miRNA-146a {2 % K+ (MR R FE I+ o 1A
F6)MRIKIKTFAGI 225, I HYE CAS B
TR B K BEH b bk S IE AR G, Wa 260 3 5 R A
{7538 fE TaqMan {1525 B B4 51 ( TLDA ) i 26 £ AR Fp>
AR di 3 i S 2R G Wl SN (qRT-PCR) A6 5 7%
HEAT—TU 1) o BRI 5, A IR e A ol i e AR
(TIA) A1 I P il A v (1) AR & Y B 26 1) 36
miRNAs £ & JRF 1) 35 R AE ; TIA B 178 miR-
23b-3p . miR-29b-3p I miR-181a-5p F ik ¥ & I
VLIS BB I miR-21-5p , miR-23b-3p . miR-
29b-3p Fl miR-181a-5p ik i & L, H ' miR-
21-5p .miR-23b-3p F1 miR-29b-3p 7£ TIA Fl IS i
HMLE P AFAE 22 SRR XX ICVD 1952 055 % 031
HAEFEZRE L, A, k58 F A8 & 8 g
PP miRNAs 9 2% 35 7K F-XF TIA J&5 4% & A XU
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miRNA-126 . miRNA-130a #l miRNA-378 & ik ¥4 [%
{8, 1M 12X miRNA-185 . miRNA-218 F miRNA-222
Y3657 s 1A, miR-101 . miR-126 . miR-206 . miR-
218 .miR-222 Fll miR-378 5 NIHSS ¥4 4H ¢, v]
FIEAh AIS Mg ™ AR, JEa kAR it iR
T AIS FRAEIMLYE miRNA 235 7K -5 i ) =2 g 24 4
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V-5 VEGF 7K 2 A 5¢, #78 miR-99b T 4 AJ G
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IR | X6 4% 2 A miRNAs FEAT 95, M2 32 i i
A A= B9 miRNAs 3% 35 FZ Bt i 4 A= %9
miRNAs 235, Al HIf R ICVD AYA 7 YR AL HT B K

5 #5iE

miRNA 25 1CVD 13l ks A £k 58 i 1 45
A SR AR TE TCVD PR A & A e T B N 52 796 346
PR A EZMIEN, BB T miRNA
AT FRSEAEAE TARER M N 5 1 R A, DR 2L
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[BE] 2 0NUESE (acute myocardial infarction, AMI) XU RS54 5 T &g F= A 7™ 5 [0 ASFI 52 M) | 13X Lo 52 )
AALEAET W MAFSE X, A7 7E TAEREFE X, AEAEFE X 1400 LD RE A5 )32 A7 76 0 WU AE S8, JAEREBE X 1)
RES A L2 O A R B UG SO R T, — R 50 09 G RBFFE R 3 ) 52 30 45 B4R R T 41X SRR 5E D0 LR
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Research progress of non-infarct myocardial dysfunction after
acute myocardial infarction

WU Han, YU Bo™, SUN Huan
( Cardiovascular Medicine, China-Japan Union Hospital Of JiLin University, Changchun 130033, China)

[ Abstract] Acute myocardial infarction (AMI) can cause dramatic remodeling of the heart function and structure.
These effects not only exist in the infarcted area, but also in the non-infarcted area. Myocardial dysfunction in the non-
infarcted zone widely exists in patients with myocardial infarction, and the abnormal function of the non-infarcted area is an
important predictor for the prognosis of AMI patients. Several related clinical and animal studies have also suggested that the
regulation of non-infarcted areas is important to maintain cardiac function. Hence, studies on the manifestation,
mechanism, and treatment of myocardial dysfunction in the non-infarcted area can provide valuable insights and guidance
for myocardial function preservation in myocardial infarction patients. We reviewed the clinical and animal studies related to
non-infarcted myocardium after acute myocardial infarction to provide ideas for the treatment and new intervention ideas
of AMI.

[ Keywords] acute myocardial infarction; non-infarcted myocardium; cardiac function
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Table 1 Research list of non-infarct myocardial dysfunction

(=4 WHoT A DIEMERY) AEFE X G hery oy
Author Article type Research purpose Determination of NIM Research conclusion
NIM F o I 45 2 B B i 150
B 5 F s TR AR M e
e adaat R B AR X 30 ik b e e e .
I R 5T Relationship between impaired 7S A NIM AR S B 05 7] R 5 20 O B FA R %
Geshi 4:124] Clinical microvascular function in NIM e Microvascular impairment in NIM might have
. . Distribution . . .
research and left-ventricular remodeling  IRA contributed to left-ventricular remodeling
in patients with °
myocardial infarction
i CMR WAL LS 1 2 K W M G 1) o7 A AT 5 B R A R A0 A K 1 45 4
Il RAF5E HpEE X 075 [ 4 A AL HITiEPS
Gavara 28] Clinical Characterize myocardial D'Jl:'b i The reduce of NIM longitudinal strain is associated
istribution
research dynamics and prognostic fSIR Au ° with  more severe short and long term
implications by CMR © structural damage
Rf STEMI J 5857 IX 15 % - ) U .
ﬁ%%% JXLIKT%)H;‘ii It ol SO RHIAPAE S STEMER.C R A T 5
Il PRAF 5T R . LT B AR EMARR
e[ 18] o To investigate the correlation  Cardiac S . .
Wong & Clinical L . . Presence of peri-infarct region correlated with a
between peri-infarct region and  magnetic . . .
research . ) . surrogate marker of heightened arrhythmia risk
the risk of ventricular  resonance following STEMI
arrhythmia after STEMI oflowine
. e " BAEM KB .
WRBRE B STEMUREROIE o I s STEMI R e WU 1 225
o A © s . . :
Husser %51 Clinical To evaluate remote myocardial Distributi In remote myocardium there was no difference in
istribution
research function after STEMI " lRAu 0 contractility compared to controls after STEMI
o
PHER RIS DM
e WIRBIGE RFET AR CVTREIIR 0 o Aoy o e
Yan & - . . . Cardiac . . .
Clinical To investigate the correlation . The peri-infarct zone provides incremental
S magnetic .
research between peri-infarct zone and prognostic value
resonance

post-MI mortality after STEMI

E:STEMI: ST Bedfim B0 LA ; CMR ;O MU RE LR s NIM: AERESE DL UL TRA  RESEAHSC K

Note. STEMI, ST-elevation myocardial infarction. CMR, Cardiac magnetic resonance. NIM, Non-infarct myocardium. IRA, Infarct-related artery.
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Table 2 Animal research list of non-infarct myocardial dysfunction

Kramer %"‘rf[ 13]

Soleimanifard 2[54]

Schuleri Z£(17)

(=4 EILY R WHT H i AR 4 G hery N
Author Animal models Research purpose Evaluation object Research conclusion
PR TR AN 5 s p e e UELLE T AN T
B ORUEIERA RN 5% 5 BEAE T B S -

sheep model

B U E R AY
Porcine

myocardial infarction

KO AR FE A
Porcine

myocardial infarction

WIS
Yang %H}' Porcine

myocardial infarction

FE O U FERE A
Hu %[42] Porcine

myocardial infarction

Anteroapical infarcts in

To investigate the differences in
function between ANM and RNM

during left ventricular remodeling

BRIEET CMR ¥ 3D B2 (4
HAH

To investigate the incremental
value of CMR-based 3D strain

iR ANM X ISR 25 A1 Rl
i Y LU ) 2R Ak
To

changes in scar morphology and

characterize early temporal

regional function in the ANM

WEEAFIC G ANM TE 4 (193 12
To observe postinfarction
remodeling of ANM after MI

OO MR ANM X RE HE 1R 5
e

To the
energy metabolism in ANM

investigate changes of

The lengths of
infarcted and

NIM segments

=YX S h AR
Three-
dimensional

regional strain

NIM T 2 &
fi1] Jbj 2%
NIM

regional

area and
circumferential

strain

N I
i
Quantitative
proteomics

approach

o5 HE W R R AN
L AR Y B
High-energy
phosphates  and
mitochondria

subunits

Left
associated with persistent differences

ventricular  remodeling  are
in segmental function between ANM

and remote RNM

= YRR A ) ANM
3D strain
identifies ANM

can accurately

ANM HY 5 90 FRAE 7] BE O DLEE5E
J e KA i B A R TR
WRFEI & A He Ak UL A
Remodeling characteristics of the
ANM may provide insights into the
life
arrhythmias and sudden cardiac death
post-MI

development  of threatening

DUEZE S ) ANM X 380K (5%
R
Protein changes in ANM after MI

ANM 5 RNM
e

The energy metabolism show regional
heterogeneity in ANM and RNM zone

REE AU 2 B X

1 CMR O M REFEYR ; NIM . JEFEZEIX L, ANM: FEREAC A X ; RNM G fRaEARdE X

Note. CMR, Cardiac magnetic resonance. NIM, Non-infarct myocardium. ANM, Adjacent non-infarcted myocardium. RNM, Remote non-infarcted

myocardium.
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Table 3 Pathophysiological changes in infarct and non-infarcted myocardium

IR

Type of mycocandium

JI2EBE

Mechanical changes

TRgdz

Function change

EAEBE
Morphological change

EIEAE G

Histological change

A2 1 5 A8 ARG 1] 107 A 2

AL L E ¥y RE R RE B W mIRSEAC LA AL, WO DU IR
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myocardium strain had Systolic dysfunction Mean wall thickening Consists of necrosis of myocardial cells,
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ANM DX AR [i] G fi) S 42 3
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RO 250 SR g (55 - L 5 R A B 1)
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infarcted strain had both decreased in  zone had reduced wall . nonviable cells, myocardial tissue edema,
. . . . . decreased in ANM, but | o
myocardium ANM, radial strain  thickening and lower . s . tissue space enlargement, myocardial fiber
K L . increased significantly in X . .
increased but longitudinal  contractile and . rupture,  dissolution  and  connective
rems rec
strain shows no significant  relaxation velocities cmote area tissue hyperplasia
change in RNM
T ANM: MIBEZEHLIX ; RNM GEFRIREEZEX

Note. ANM, Adjacent non-infarcted myocardium. RNM, Remote non-infarcted myocardium.
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[ Abstract]  Programmed cell death (PCD) is a form of cell death regulated by genes. It plays an important role in
the occurrence and development of tumors and other diseases. According to its occurrence, mechanism of action, and
morphological characteristics, it can be divided into apoptosis, necroptosis, ferroptosis, pyroptosis and autophagy, among
others. Long noncoding RNAs are noncoding RNAs of more than 200 nucleotides in length, which participate in the
regulation of PCD by directly or indirectly affecting the expression of intracellular proteins and other molecules. This paper
summarizes relevant literature on IncRNAs’ involvement in the regulation of PCD, which is expected to provide different
pathways for further research on IncRNAs and PCD, as well as new ideas for diagnosis, treatment, and prevention of
related clinical diseases.
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EHBUT Y, #- 9 E D RE 4> 10 fA 6, TR 4 i
BN 2 5l | e 5 0 R A%, 76 40 5 b R 5 Y
miRNA 354 PE IR RNA (ceRNA ) B0 mRNA FH
P, 925 mRNA J5 22 Fa e DL S i o 72 Y A
. IncRNA ZE4UAR MG TR S5 2R 25t
R R EEAER, FE PCD 1R R 0F 5% B 4 5 I]
BT AE R A B2 IncRNA 5 HE ¥ (0 i 5T 38
1B I Bl = A9 ESE AR SCREAR B 5] B S5 iF
FUIRTIT L5 3R, VLI Ry 4 M A2 e P B T i I 45 A
IncRNA I REMF ST S (L3 A0 JEL %

1 IncRNA 5@T

WTRTE— RIS 5T AR £
B HA SR, A AR E T IRIER L 21
—2& PCD, 48 T Bz A U 2 1 2250 1) B2
PR 0 Al £ 4 A PN R A | 4 4 A R i
RS AT EEAL A ORI RAR TN T 2 IR iR
MR IR

LR TR 7E 20 M N e R B AR SR
T, Bel-2 G5 £ A 2R 3K 8 2 RE 32 B AH L I 5, 3
FOE BEJA T/ Bel-2 248 8 Fi——Bax  Bak Fl Bok
A B4 R ARLAR SN I 3% 1 (MOMP ) 3 i, DTy
W R AR R 18] Bt 2R 1R 3 A B BT b, R s T
TR T8 Bel-2 25 H A5 Bel-2  Bel-xl Mel-1 A1
BFL/A1 %5, )2 ¥/~ BH X ) BH3 & Bid .Bim ,Bad
I Noxa %5 ) 7= A= 4 S AL, 40 Bel-2 &
PR S 1 A B S A AR TR E T MOMP B & AR
5%, MAEFE T Z AR &2, i SR s8I 1 52 1

(TNFR) 5 i 983 3K %€ A F ( tumor necrosis factor,
TNF) .Fas BofA (Fas L) FEAAZE GG, A RE T
0 B F ( cellular inhibitor of apoptosis protein,
cIAP) 1 Al i 98 3K 38 A ¥ 32 {4 4 3¢ A F ( tumor
necrosis factor receptor-associated factor, TRAF) 2 X
ZARAH H A FH 25 1 F4 B ( receptor interacting serine/
threonine protein kinase, RIPK)1 JRiH4T T2 Kbz
0, Fa Xz Z4mE ( cylindromatosis, CYLD ) 1E F,
T I 968 IR B8 X - 32 AR AH OG FE T2 38 1 ( TNFR-
associated death domain, TRADD )/ T- 12 #f & H
( Fas-associated protein with death domain, FADD)/}
R R - K A & R 45 [ i ( caspase ) 8/RIPK1/RIPK3
F1 TRADD/FADD/ caspase-8 P Fli &2 & 14 | X4 if 2
caspase-8 I G B}, i 15 caspase-3/7 A3, 5 /K fi#
Bid, fE AN YR T, i J5 # nl i FADD H %75
caspase-8 R, FEAT

IncRNA 1] LU i B2 i R T ARG E R0k, 2
FURAR BRI A BT RREAL B IneRNA
CA7-4 Fl si-CA7-4 B G J5 1 L8 N B2 20, J B
CA7-4 Jhim T Bax FIRUH 2 RN AT —WEMRAZIE R
4 1 (poly ADP-ribose polymerase-1, PARP1) 97K
- A I N R AR AR T Ak L AR A
TR I miR-296-5p ELH:45 G Bax mRNA 19 3 JE HH
P AE mRNA R F UK B0 Bax 3K, 1M
IncRNA KCNQ1OT1 A — A7 35 1 248 e 93 1~ 412 2F
7, il i miR-296-5p 4R 1k, 1 Bax, {2 T
PSRRI AL PR T

IncRNA JN AL i LT 3 AR g A2 8 15 ] T 19 &
AR FE, He % & BH IncRNA GASS 15 %k B 3%
I caspase-3 5 FFRIAIKE AL ALAN A 0 1
HAMHIE 5, Wl b 18- LR A 0 EiE AT 2
S 3 Sl o I

IncRNA i 7] DL o 45 Fof G e AL i 981 1 40 54
T2, 40 Jiang 251 % B K OF 89 IncRNA RP11-
468E2. 5 Fik nlE 0l JAK/STAT {55 3 # ok 71
P55 30 STATS /6 [R5k, T T K
R AN R3S BRI R FE R T

2 IncRNA 5% 4AT

BRI T i RIPK1, RIPK3 RIATR A R4
P EEAE 25 #4358 ( mixed lineage kinase domain like
protein, MLKL) 473 i — F 52 i 45 Y SR L 41 L 4 T
T, TE T (A AT s
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£ TNFR1 25 1155 3 B B 52 o, TNFa 5
TNFR1 FO45 623l % a0 NF-«B i 8% 40 i 08 T FR
SV T BT, O 43 8 3% TRADD | TRAF2/5
RIPK1 cIAP1 K 51K 1, cIAPL Xf RIPK1 £
Rz 2S£ K 5 Y TAKL (TAKL, TAB1 #1
TAB2) , A fiff 25 3% e S IR NF-«B'"™ | 1fif CYLD
XF RIPK1 2597 RALAE B IRSE 1 (A20) 12 &R
a2 AW NF-«B 354k, I T2 il Necrosome 2
Gk, U E caspase-8, TRADD , RIPK1 ., RIPK3 #l
FADD''' caspase-8 HYIE X T8 1 4B A9 fi iz 2
REEEL, M HR Ok I B, RIPK1 AT RIPK3 2 B
FHEE BRIk, E— 06 4L Necrosome & A1 | 1%
TFUERY) MLKL 25 11, 350 RS i PG o, 301 03 AH 5C 53
F B X ( damage associated molecular patterns,
DAMPs) & t; BLAh 8 2 1 Bl 46 b 4 P 1% 4R
(reactive oxygen species, ROS) BRA, Ze bk /24, 4f
Ji & A SR AP T T Y caspase-8 BT 1
BT, caspase-8 234l RIPK1 1 RIPK3 AURERR 1L,
Necrosome & &K1, FEAM M T

FWF5E 2, 7E B IncRNA TRINGS 5§ Bt = %
PSS RIAET 4N PY ATP 7K i 5 REA, m T
AR B A1 ZLRR W Bl 0 B 35 3 &
W] TRINGS I3 35 3 BUME T 1 SR SEPE A SE T,
AR ME R, BT 20 0 5 B 30 1) IR B84
PAT- R IAAIAE, UE T X — 25 R fE B A
ZPREIT , p53 B4I% IncRNA TRINGS, [ ) TRINGS
LW IR TR -3 ( GSK3B ) Fa S P 45 15 22 Z TR -
TN TR Lt A7 R AH DG B 11 (STRAP ), T 08055 T
STRAP F1 GSK3B Z[a] By AH E.AFE ], TRINGS 3 12 417
il STRAP/GSK3B/NF-kB 15 5% S & 1%, i i 41 i
R TIRE,

Bi#% IncRNA | /Y miRNA 5 5 5 14 /Y & E,
miRNA-IncRNA BAHEAEHISE 0 T 22 07 T % ok 5 5k
DRV 45 (0 &2 2= v MRIE 2 898 IncRNA 1E 4
ceRNA 5 miRNA #H B fE H., R T F 5%
IncRNA3037/miR-15a FliFEIRFEAE P T2 I VE T, Li
A0 WAL IncRNA 3037 4353 55 T RIPKI .
RIPK3  p-MLKL Bax Hl caspase-3 Y31k, FEMK T
miR-15a $UEE KB 08 728 1 ( BCL2) Foi st
(A20) [Tk AT AN g8 TR FIIRBE A R A
1y, IncRNA107053293 #] fE 24 miR-148a-3p [
ceRNA , JHFEHEIE A Fas MK T 1 IIRIE, T
JiERE P RIPK1 A RIPK3 3835, 5 A8 4 & A4

RBEPEPAT= Y W R, R R e JFF 400 Mg o vy 2
iK1 IncRNAO0176 Hif, 2 Jif 83 17 il K F miR-9 Al
miR-185 B , M 1T 5 Wi 41 J1 40, 35 i 96 4 B 3R
JEMEET-

MiRNA Fl IncRNA 1E 4 P Fh 3222 (14 8 57 1 JE 4
s RNA , ANMAT LA ILAH BEAE L, e nT IERT £
FAm i o8 7% 43, 25 40 i 98 T MR B8 SF PCD A
) IneRNA J2 7538 i 5 FH B 1) neRNAs (4 HAE
IS 5N E R T A Rk — &

3 IncRNA 5% 1T

2012 4F Dixon 252 B Y $ HY — Fh A A i s 110
TN AR T A K O A R B A5 S AR =l
A SEANM N FBIS BT ROS W1 AR 2 I8 i 4
b, AT S A ARAE T, BlE SUNERAET

TE Y 8 B M 28 B K ( glutathione,
GSH) /4t H ikt S8 AL W 4 ( glutathione peroxidase
4,GPX4) I 7738 i, e 2 IR 38 o 40 5 2 T ) b
TR Z R I 15 52 1 (System Xe ) 5 7% 2 21 Y
W, HE—E I GSH, 148 GPX4 A AL RIS I H
K, XA FEAE B GPX4 R Z A G BT R /Y
i, TR SET 1 R AR Bk S e ik
EAHL =M R A Rl s A 2k
L(TFR1) # A 4R, 3l 8 5 i 8 A, T8 i — A ik
BT PN N, 7oA KR A R, K A
ROS [ 2R, R I T- 09 & 2, B ab, Tifoseg 1 4l
M p53 7T LA ok 07 System Xe BEHUME &R, A
M2 GPX4 A3k, T2 A b A b e J1 N R IR
it ROS FLEMERFET" ), 1fif Erastin AALAT LA i
it System Xe FEHUME Z R , 16 0] PABLIE p53 . %W

RS S 5P,

TERRBET - H IncRNA AT LI4) 18 ceRNA [ 1 {0,
Wang %52 I B £ il ' IncRNA LINC00336 f95
FEIRMAR T kHe 8T ROS ki A L 1)
FoIk I T LRI AR LA, IR LR S A e
(LSH) il it &4 p53 75 S AR BOEH: 7= 5 5
B RNA 55 HEA 1 X, FHEHETS
LINC00336 A EAE 0954 5445 42 % T LINC00336
(9268 7K . 2 LINC00336 Ml miR-6852 1F Jy
ceRNA | A TTT 38 0 e #i Bk B & hi i ( cystathioninef-
synthase , CBS ; #% il & 72 16 M bR &) 19 mRNA /K
S S AT IR B, 4 V& T IR R T B, 90 i A
AR PE T, [FRE, Lu 4570 & B miR-214 7]
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PIY5 IncRNA PVTI ., p53 fil TFR1 454, miR-214 B
Al AR pS3 KT DT 2R FE T 1 & A IR ]
5 TFR1 ) 3’ UTR 454, %4 bl TFR1 I 5 8k
AN, S 58T R, FRas LR,
IncRNA PVTI £}y miR-214 1976 45 , il i$ miR-214
S pS3 AT TR g A28 75 M e of 7598 7 v k5
ToI R A KR

BRAET 34 W] D 5 A 2 70 () B P RSB T R %
A, LINCO0618 i i I+ ¥ Bax & 1 M1 24 fif 1Y
caspase-3 8 [ 3 3K 7K -k 42 o 4 i 8 T, mBR
LINCO0618 {2 F#A% 1T Ji5 BT ROS 7KF-, B3 20 4t g
TELKEH I ( VCR) Al caspase fIHi] 5] VAD 4b
Je BT BEZH 40 M (7 g B ROS /K P .35 T, 4R
M7, 24 VCR A1 Erastin JIAXSEHH fIf], EATX) VCR
P RIERAET AT 10355 W, 36 B T30 A
22AE VCR R MERFET AR T, 1M LINCO0618 75
RWEFE T WM T VCR B R M T, o %
LINCO0618 H 41 fifl rp LSH FA R kAR 5 % 7 1 5
11(SLCTA1L) (BRI AL, LSH 5 SLC7A11
He h 7 X IRk &5 &, W a% SLCTALL [ §% 5%, 3 1
LINC00618 A4l LSH /551 SLCTAL1 [3Rik , fi
PRI T AN R T RS T R AR

4 IncRNA E&£T

2001 4F Cookson % WL H]—Ff caspase-1 #K
FPERISET B BLR ) BRAE B E W 20 i
Hetn A MM T, AW TR T, BT RE RS
FAETERINECA DNA F B (B AFTE A A% BE 3R
FOZ MK , BB

AT Lt NOD #3214 1) 28 ik 42 K
if JAK/STATI HYARZ SR AR DI, 74l MR 32 2
JEAREE MR IS, 2303 BT JAK R H R4S
B 5 B AL 451 WA 52 /K 8 ( nucleotide-binding
oligomerization domain-like receptor pyrin, NLRP;
NOD FEAZAREE ) /R T AH OCHE SUFE 2 [ (apoptosis-
associated speck-like protein containing CARD ,ASC) /
Pro-caspase-1 & & 1K, J& # /K M JE 1l 12 1Y
caspase-1, 1M JAK W 1% 3 3|~ il iy STATL, JE 1K
STAT1 —3RIK, ABILIE caspase-4/11 FYHE S5 | ALk
Y caspase-1 BL# caspase-4/11 Fl caspase-5 & &
&, /K f# Gasdermin D ( GSDMD) , 4 % /) GSDMD-
PFD FJDATERR FIE 2 BAKAE SL, SR AL 8 i
FEREAL KB DAMPs Z3 -9 | 20 A b 3K 1

25T fEBZ GSDMD BTG LT, caspase-1 1]
DB IE 00 2 e 208 28 11 I8, O HL& mT DAL I
G Bid 25 MOMP, it 7E% A GSDMD Hy1H
B, caspase-1 BUIG 2 S UMM T

IEAEA , IncRNA 2 58T B R #E i o ikl
BZ , Yang % & I IncRNA KCNQ1OT1 A] LAE
miR-214-3p [ ceRNA, 34 5 H# JK %5 0 L o5
caspase-1 [} IR S I =5 0 175 19 15 &1 4% 400 il 1)
FET; HAEMH KCNQ1OT1 J&, GSDMD-N K %1k
VIS O U =Y il 5 3 (VYR E 2y
FUAEWE PRI PE £ IS P Bz )y A o e 4 B
WZ AN BoFFoE & B IncRNA MIAT 7] 5 CASP1 3%
254 miR-342-3p, NS X miR-342-3p 1%L [
CASP1 ik By il4E H ,U\ﬁ{ﬁﬂf caspase-1 M FHY
N AN A A2 707 Je A (8, Liang 250
KIN IncRNA MEG3 38 1+ 163 25 W i miR-485 4171 il 24
ORI E = [HF 2 (absent in melanoma 2, AIM2) A9
F2ik, 5= MEG3 Tl ifi] caspase-1 15 57 T, FFAIK
AIM2 ASC ZU# 1) caspase-1 Fll GSDMD-N [ 235,
m R MEG3 AT il U025 5 20 2 AUiA S 10
FET- R SRAE D

IncRNA 7] LLiE i 41 5 NLRP Wy %52 5k
TR RE  7E SRAEO LA A e, A R] S 5+ 4
JH1 4% W5 4 IncRNA KLF3-AS1 38 33 /£ N ceRNA 5
miR-138-5p 454, fE HEDLERAE BT I F 1(Sirtl)
(263K, JE 4 AT LA NLRP3 4 E /IMA A0S, A
R PEHETAFIL . Wan Z 0 1 IR0
IncRNA H19 5 P41 FE T T 4 3% 4+ miR-
21, X, ceRNA M 2% H19 45 Hfi & T NLRP3/
NLRP6 48 PE/IMA AR B 8006 , S22 151k 11 caspase-1
kY1 E GSDMD, M 5 & /N i ot 48 B £ T, T
IncRNA GASS BEZ 5T ()8 ¥, GASS () DNA H
FEHEALEE 1 W b8 i 52 NLRP3 it 2 5 %
O WUSET g gz T4

SN HA R T XS 5T RS, 40 Toll
FESZ A 4 754 86 B 00 05 w0, 3 — P ke ik
STATI F42 ¥E T IncRNA-F630028010Rik ) % ik,
% IncRNA 78 24 miR-1231-5p/Collal Hi /i) ceRNA,
FEIE LIS PI3K/ AKT 38428 34 5 4 B 461403 J 14 /7
R AT

5 IncRNA 58%

ELPeS =gV N ISESN I EIVAT @ AR 34
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lf0 i 2o I JOBURBERIR ] 7)1 e /N o 2 4R B 2 A
Yy Jo D240 5 v B Ok O SV B AR R, o0
(4 5 RT LA A, PSS A B AR 7 22 4 i %
T AR AR S i A

e, B AR RN Tz B —Fh
Z MR, 55 AR A B E R TR A SR A
W ANIEI RS B WA 9E FE K (autophagy related genes,
ATG) B AL A, 1E R L WALl ) 38 9 A% 0
FTT AWERIFE S H W MARIE B 32 5 DL 5 3%
AR BIRR A AMERYS BhiR T UNC-51 RE3R-1
(UNC-51-like kinase 1, ULK1) & &Y%, 245
MEZE5Y 1 ( mammalian target of rapamycinl,
mTORC1) BTG PEAZ M, ATG13 By b L MR L1
FHAT AR HE F 55 ULK-1 K 35 BEIS 8 5 M T A
FHEEFF ATG101 ZEDE AR E M E &Y. ZE 6
Prie=s PI3K &5 W 1al N J5t M i 5% iz, DT A2 3
B IR A R4 %5 ATG12-ATGS-ATG16L1 &2 &)
B IR O AL 0, IO A G 1 15855 3
(IR FR N ATG 8 Y LC3) 5 # 5 Bt & B %
( phosphatidylethanolamine , PE ) 2% & JE i, ATG 8-PE
AW, X AR T WA A I B A WA
W ) 55 Tl VAR Al 2 T LA W A A
AAFMBET I E A, D ST A
Beclinl \p53 \ROS 5L [’ 935 7. A WAL AE
072 e e (1 T = o o S B el 1 D - O £
P BT AR B e s b RIVE A L R Seh AT
¥ FEHRT IncRNA 25 A WERESET- IR

4> IncRNA 3 & 5% m #5004 2 1 HE A
( mammalian target of rapamycin, mTOR) A3k, 5
5 AWt B A4 . IncRNA FA2H-2 38 3 76 5% 55K
SERRE T MLKL #9235, T 1T mTOR HiPE
1755300 3% 1) ST AR 0E 0 B AR B A rp L 1Y)
S JENST L PS3 S H UL A I 3 A G O T
mTOR ) LUz F, 25 A R JE ST, Liu 2 5 5%
K, IncRNA CAIF i3 5 p53 - HAAHS &,
Wi HA S 090 LR FE 5%, F LD LR B Rk AKF,
M T pS3- O LEAE S 1O LA AR B W

HE2E IncRNA JE A7 AE/MEMTE RS 5 A
W E . Li 2570 % B IncRNA ZNNT1 #3335
BRI A A IR A R 4R i LC3-1 B LC3-I1
PG e A WE IR 52 448 SQSTMI ( XUFR p62) B
file 2 VEA0 M E W, AR, Zhang UV HRGE T
IncRNA CRNDE Fi# LC3-11 (93635 i 230 B i 240

M EWE, BRTEFXT LC3 Z A8, —2E IncRNA 84+ &
T ATG B3k, A 5% & IncRNA PVTI 3@ [3#
LC3-11 /) 3 35 /K - 11 98 2 p62 1Y & &, 1M1 ¥ #E
ATG 14 T LUK 5 18 I g 240 B v ) 3 6 5 i) | e 43R
Bl PVT1/miR-619-5p Hliil &3 I8 15 ATG14 {2 ¥ [ Wi
WS Y, IncRNA EIF3J-DT ilad B4 4
A5k ATG14 mRNA PFaE M, il id 5 miR-188-3p
P PELE S KB I ATG14 mRNA ) Ffi# , AT -3
ATG14 I3k A2k {mg>)

BRI 2 Sh— SRS FAIESE IncRNA H19 38 43 717
il T DNA H JE 5 i ( DNA methyltransferase,
DNMT) 3B Fi# 5 Beclinl (£ 5F & PI3K & 414)
Ja BT X845 A, IR T Beclind (3R IKKF- IR
T AERY

6 HEXRBMMBEFIELT

B bSOk 2 S IE A i B A 9 RCDY
A 210 it 5 T ( parthanatos ) . PN 7£ 74 21 Jifd 5 7=
(entotic cell death) . % ZUR 240 ML ZE T ( netotic cell
death) AR P 20 JE ZE T (lysosome-dependent
cell death, LCD) | [ Wi f{< 581 1 4 Jf1 5E T~ (autophagy-
dependent cell death) BAET (alkaliptosis) Fl1% F FH
FiFHFHLT (oxeiptosis) , XL PCD [ HARHL I 1
TERFEH, HATE AR IncRNA 25 HiE it ,
BRI ZEHY PCD Z [ AAAE IR | i il AR e 55 AL A
SR AAE LCD 3l ATE A0 M0 1 BRAE T 45
‘B PCD "R AMISE TR 5 1% 5, 45 4l AL T2 3%
BRASAR NG 2= o WG R J T A e 5E T 7 A e
R A FH B F B 2 B80T 3 LA R — O A
PANoptosis tHIRAEMFFE BIRLET b | B 02 —Fh AR Y |
A BHURH G I A P PR P MR A AR TR %, FRARR A2 1Y
fih A R U0 L A5G TR TS IR E A T AT =
I PCD BN 1+, 7R e U A 45 1 AR I FY)
IRIHE . MIE RREL A 50 2 M AR SCHGE | X a4l
JE AP PESE TS IncRNA [ A EAE FHAL I AR 22 A8
AR E BB 7 1)

7 BRESRE

PCD A 0 305 4F S BIF 53 (0 1 5 A5, A8 S | i
S5y A 25 SR P R, T IneRNA A X ZE
FNRF RSP SN T, RS S T
PCD HIRTE , AR SCLER T A0 4F 3Kk IneRNA 5 JLFHE
WA PCD AHEAE R AW FR e e (L3 1) | XX 5T
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&1 IncRNA 7EANLER AL T PR VE
Table 1 Role of IncRNA in programmed cell death

e o L] WRLR  5E Xk
Types of PCD ’ Mechanism Regulated reasults References
CAT4 L Bax R PARP1 5235 7KF fie idf '8]
The expression levels of Bax and CI-PARP1 were up-regulated Motivate
; TEAHELE S miR-296-5p, | 3K Bax fe it
KENQIOTI Competitive binding of miR-296-5p, up-regulated Bax Motivate [9]
g 14 caspase-3 FJFRIA i
T GASS 1 caspase-3 By K ' 1;%1& [10]
Apoplosis Upregulated caspase-3 expression Motivate
RP11468E2. 5 ] JAK/STAT 38 , 59817 STATS/6 It 215 i itk [11]
’ Inhibition of JAK/STAT pathway and negative regulation of STAT5/6 expression Motivate
MEG3 FiH 40 i H NF-xB , caspase-3 Fll Bax B3P Eilikil [58]
’ Inhibit the expression of NF-kB, caspase-3 and Bax in cells Inhibition
L1 Bax FIZ4fENY caspase-3 /K- fe ik
LINCO0618 Upregulated Bax protein and Cl-caspase-3 protein levels Motivate [31]
TRINGS ] STRAP/GSK3B/NF-kB {5 515 1242 il [17]
Inhibit STRAP/GSK3B/NF-kB signaling pathway Inhibition
WRBEIE R T 3037 fE miR-15a [ ceRNA, 4% BCL2 F1 A20 £k il [20]
Necroptosis As ceRNA of Mir-15A, regulates the expression of BCL2 and A20 Inhibition
107053293 £} miR148a-3p Y ceRNA 4+ 5 RIPK1/3 FYFEik il [21]
As a ceRNA of miR148A-3p, regulates the expression of RIPK1/3 Motivate
00176 M miR-9 Ml miR-185 AL il [22]
Inhibit the release of miR-9 and miR-185 Inhibition
LINCO0336 W2 B} miR-6852 154 ceRNA, #4111 CBS ) mRNA /K- il [29]
miR-6852 was adsorbed as ceRNA to increase the mRNA level of CBS Inhibition
BB PVTL fE miR-214 1) ceRNA , 4§ p53 I TFR1 fe it [30]
Ferroptosis As the ceRNA of miR-214, regulates the expression of p53 and TFR1 Motivate
il LSH 75519 SLCTA11 {215 fie it
LINCOO618 Inhibit the expression of SLC7A11 induced by LSH Motivate [31]
P53RRA 5 G3BP1 AHEAEH K E 2 Y ps3 (B EA i P [59]
Interacts with G3BP1 to retain more p53 in the nucleus Motivate
Y9 miR-214-3p (1] ceRNA , 4111 caspase-1 {335 [fiiid
KENQIOTI As a ceRNA of miR-214-3p to increase the expression of caspase-1 Motivate [35]
MIAT 5P miR-342-3p X CASP1 B 45 (i [37]
It antagonized the inhibitory effect of miR-342-3p on CASP1 Motivate
MEG3 18 MEG3/miR-485/AIM2 #ll , B3 caspase-1 fe it [38]
Caspase-1 is activated by MEG3/Mir-485/AIM2 axis Motivate
BT KLF3-AS] 9 miR-138-5p fK] ceRNA , {23 Sirtl Fik il [39]
Pyroptosis - As a ceRNA of miR-138-5p to promote the expression of Sirtl Inhibition
19 S 1Y ceRNET fii NLRP3/NLRP6 AH i fie 2t [40]
Regulated ceRNET makes NLRP3/NLRP6 mutually active Motivate
GASS i id DNMT1 2445 NLRP3 (i [41]
NLRP3 is regulated by DNMT1 methylation Motivate
. Y99 STAT1 BT iiF , i PI3K/AKT 4% TRt
F630028010Rik Regulated by STAT1 to activate the PI3K/AKT pathway Motivate [42]
. OB T miTOR HOBEHE S 553056 0 f o
Inhibited the activation of mTOR dependent signaling pathways Motivate
- LT 53 155190 5t 0l o
Blocking p53-mediated myocardin transcription Inhibition
ZNNTI it LC3-1 3 LC3-IT A6 AL B SQSTM HY R figt (i3 [50]
Promote the transformation of LC3-I to LC3-II and the degradation of SQSTM1 Motivate
A ik CRNDE 1j SRSF6 454, T LC3-11 iRk il [51]
Autophagy Combined with SRSF6, LC3-II expression was down-regulated Inhibition
PVTI $1] miR-619-5p, T7 ATG14 fe ik [52]
Targeting miR-619-5p and regulating ATG14 Motivate
EIF3)-DT £ miR-188-3p [ ceRNA, L1 ATG14 1k Lfgiis (53]
As the ceRNA of miR-188-3p to increase the expression of ATG14 Motivate
H19 iWjd H19/SAHH/DNMT3B %, ##15 DNA F 84k (i [54]

DNA methylation is regulated by the H19/SAHH/DNMT3B axis Motivate
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IncRNA 2 51## PCD BIHLHI ik — B IR R VI N &
BT ST J5 A — 2 B X, TRl —Fh ) IncRNA,
i MEG3 H19 %52 5 K[ 20 5 PCD, AR ZEAY
1) PCD Z [ JNEAEAR B AR A SRS LA I
R, IR AE T WA K T A B4, A 2
[EJFF7E p53 .STAT3 .GPX4 453 10 FpIf iy &
H;ROS S HE P LIS 5IRFEPEIR T2, A S 45T
To R A A H TR WA IncRNA B8 H S5
IR IE2E S R 7, NI R B 2 Fh PCD (A AF 5% 4%
i[RI IncRNA 1B R BfRd 12 Wi X 3697 17 76 70
WAHAE R IE , 7 55 — 2L 0 IncRNA ZNNT1 BR i S H
e AR T IR %) & 2 IneRNA Sl 3 —Fh 2 £ Fh
PCD 7E I % A= 8 v i HLARBIL L, 475 75 TR AE
5%, IncRNA 5 PCD W) R0 R e S H e 9w
F2 Y7 S AEHT Y SR

S 3k
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