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HH 25 R TN e P 1 28 3R e XS DNA B9 VR FA 5%
W OR.EHEE ORK,F B EREE, A GRE GRS
BRI K2 B 15 DS 75 A BRI 0 5505, ] 650500)

[HWHE] BE  HiT W ISP (methamphetamine , METH ) 451455 A ] 25 B bf 22 20 it SU5E DNA FO I 00, 5 3%
TRONSEEG 4 B35 AR B B 200 HT-22 40/ BV2 4 HMC3 4 U-87 MG 4, 435145 7 METH J& , 5
ML S FIH Western blot 460044 4 4 i35 v-H2AX BY/K -, PRPIS2E | #57 METH I8 15 VR 5/ BUSEEL R7 FH I
WSt/ NRAT 0T . HE G USRI BURTAT I 52 TR T N i 28 40 M 9 TR 28 28 1k, F LF SR T A Jliki DX PN
W4 DNA 45318 00 , F Western blot A6 I AN (X 3235 y-H2AX BRI, &R IKINSEE 44T METH )&, B0
B 20 HT-22 400 BV2 4l . HMC3 41 U-87 MG 4R 25 & A= WA i AR Ak , 20 i 2 fnk 25 ol ml T 2 AR 4 45
(B 58, £ HAEMIFRIK v-H2AX ACF W B8, IR SES, 25T METH J5 , S5 2E BRER K AAH L, /N R Sl i
WX, 32 S AR B R, HE Yo (555 J R g AR - B R T PN b 48 TT B K I BB R M B BR80T
ASPEERAE TR S5 B , AR K 4IAA G, METH 20 Fip&5 - 157 R 2 P e 22 40 % 26 % DNA J5 49 B4 280 B W
WL HOOUmE I R ISTH . Western blot 45 /R , 5 A4 /K 4 4H LE , METH 41 &0 M B2 o R 20 2R 3R 55 -
H2AX JKFEIA S s, 4518 METH AT 52 R G0 AUE DNA, METH A5 S A C 2 B 2650  HT-22 40 Jifl, BV2
A HMC3 AUAEFT U-87 MG A0 LA S /IS BURTAS I e o AN Th 20 203838 y-H2AX KV B S0 I AF 5 T A I B
METH 755 # 28 B P ML R AL B AR R .
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Methamphetamine damages double-stranded DNA in the nervous system
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[ Abstract]  Objective To investigate damage of double-stranded DNA by methamphetamine (METH) in various
types of nerve cells. Methods For in vitro experiments, primary cortical neurons and HT-22, BV2, HMC3 and U-87 MG
cells were treated with METH. Cell morphology was observed and y-H2AX expression was detected by Western blot. For in
vivo experiments, METH was administered to mice by intraperitoneal injection, and behavioral analysis was performed by
the open field test. Morphological changes of neurons in the prefrontal cortex and hippocampus of were observed by HE
staining. Double-stranded DNA damage was observed by immunofluorescence, and y-H2AX expression was detected by

western blotting. Results In vitro, after treatment with METH, the morphology of primary cortical neurons, and HT-22,
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BV2, HMC3 and U-87 MG cells had obviously changed, the synapses of cells were shortened or disappeared, cell bodies

had shrunk, and gaps were wider. y-H2AX expression was significantly increased. In vivo, after administration of METH,

compared with the saline group, the movement trajectory and distance were significantly increased in the METH group. HE

staining showed that neurons in the prefrontal cortex and hippocampus were markedly edematous and eosinophilic, and some

neurons had degenerated. Immunofluorescence showed that double-stranded DNA damage in neurons in the prefrontal cortex

and hippocampus of the METH group was significantly increased, and the fluorescence intensity was significantly enhanced

compared with the saline group. Western blot showed that y-H2AX expression in the prefrontal cortex and hippocampus of

the METH group was significantly increased compared with the saline group. Conclusions

METH damaged double-

stranded DNA in the nervous system. METH induced a significant increase in y-H2AX expression in primary cortical

neurons HT-22, BV2, HMC3 and U-87 MG cells, the prefrontal cortex, and hippocampus. This study provides a

theoretical basis to elucidate the mechanism of METH-induced neurotoxicity.
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FH LKA B ( methamphetamine , METH ) /3 F1 < 7K
B KA PR R R B R R B RS AR AL
METH A]3f ik 2 Fh i A2 4E T ik pl 28 R 40, 0 pf
RGNS AT R B, K METH 35 2%
HBLL)BE AR AR | 2 AR SR R, L&t
AR NI BB, 5 R 2% g2 R B BT
FIEE AT AEFARIA I RE S Y UERH METH X
WA R B I B EE A, HikE  ar,
METH 5 350 28 R G2 W VR AL AN 15 2, B
RTRIBHAIT 259, KEMR AN, ZEME AR5
AEREAG ) b2 g i PR T ST R R I
NG B 475 PR SR X T 3R 0 e SR 4 A A B
SR ARG A SE A T S 5T
METH #iF M4 R G Rt 72, W5 & BUAE i i 28
ZRGH ,DNA #ili)5 , 2 5B 5 2440/ DNA £
B A R TUTBIRES , L, #h 2 40iE DNA 45
Yile 16 2 RE 15559, %5 5 % DNA #1455, DNA
BT S5 DNA BABEH DNA WUBE (dsDNA) B2,
Hor dsDNA W24 2 i ™ 5 11— Fl DNA #1458 X,
ERAEBE TR AN AL T dsDNA Wi s &8
AR E 15 FRR &Y, 4 y-H2AX 53BP1 F1 RAD51
F, SFHETE DNA Bi)5, HEM 2A ARk
(histone family 2A variant, H2AX) 7£ DNA &5 ) 5
A BT G A B R A A B y-H2AX, y-H2AX /2
dsDNA s A Wb '™ EEBAY
WAL R y-H2AX B ORSY , oS 5 2 Fh 40 i 4
ToRIRE ) A A et T R, TR FH A g
2 A M A R G988 B3I % y-H2AX #4728 it
AT BIRFE R, A A RT AR LR MR T R B
AT DNA #8450, BbAh, METH ] SN 6 1 20 i
DNA 45 F e o A A8 ) 0 6] METH B 45 73

Z RS DNA, H i ATE RSB 451 dsDNA fY
24 AT 58 B 0F 58 METH X 25 21 i dsDNA
FIAR R, B AE S I B METH 75 S0 22 2 4
ML LIS AR

AHFGE LASEAR By T 4800 HT-22 4 ( 7k A1k
/N SR S 2 oC A0 ) (BV2 4 (/N BN AN
Jl) \HMC3 4 L ( A /)N B 4 L) | U-87 MG 4 il
QNS i ORISR0 n S e i 1)
5345 T METH J& , #4520 40 M 3K y-H2AX 1)
WL, 25/ U I VE S METH J& | W</ BLURi 45 -
B R S5 N dsDNA $3 451 D0 Fl R 3k y-H2AX 1Y
K

1 #RFnFE

1.1 REHR
111 SR

SPF ZNAFE CSTBL/6] HEME/INE 20 H 1A 18
~20 g, W T 1 B 7 3 5 5tk LI S W A7 FRA A
[ SCXK(3#i1)2019-0004 ], 4B/ L3410 3% T B 1
PR AR S0 Bl 23 [ SYXK () K2020-0006 ],
25T 302 B K RARDEL  PREEIRLEE 21 ~25°C , AR E
H 50% 25 AT SCRREF R BIIRE A28 12 h/12 h, 21
SEOG 28 LW R L K A 2 ) S I A0 L A 2R B A
Attt (kmmu20220240 ) |, I 78 3h ¥ 1) 35 F1 52 56 5
T i A AR S 0% S A8 AT 3R BRI, JF 45T A
HE M
1.1.2 4ijfg

BV2 Ziififs . HMC3 4iifitd ,U-87 MG 4fl ifg 1 HT-22
YA B HRHBE L 2 A
1.2 FELFSUEH

v-H2AX ( NB100-2280) 1 H Novus Biologicals
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N A); dsDNA  ( sc-58749 ) W [ Santa Cruz
Biotechnology 23] 3 FH LR NI (413 >99% ) Il § H
K I s 8 26 138 (FBS) (#2033119) 14 [ Biological
Industries 2y &) ; DMEM BB R R 5L [ Biological
Industries 2\ F] ; #f 28 50 € H 5 3% 2 F B27 4 A
Gibco A7) ;RIPA 24K (52 ) (P0O013B) Fl BCA &
FE R & (P0012) W 138 < K AE W R BF
%Fﬁ; 0.45 pm PVDF E % H GE Healthcare Life
Sciences 7~ 7], #8 7 X M AL 22 KL% R 4
( ChemiDoc™ MP, 2% [E Bio-Rad 2 ] ) ; £ 7% H )
FHEHAL (5856 (KF-FL-005 , T T 4 W fs B 4
RAEBRAH) .
1.3 ZWHE
1.3.1  4ifuksss

(1) BV2 #iiJifd . HMC3 4 Jifd . U-87 MG 4l Jifg #1
HT-22 A ks

A3 TR IR FE R BV2 40 MY HMC3 21 it . U-87
MG ZHAEL AT HT-22 20}, % 10%FBS F1 1% AP ¥
DMEM it 5 BAE R 3246 (37°C 5% CO, 95%1%
JE) RS I 5 3K 70% ~ 90% Ji , 18 1t i it
AT AR ]G 35, BV2 40 g Al HMC3 40 Jfl 45 T
METH #J#€ B2 0. 1 mmol/L, HT-22 4 s 1 U-87
MG 4iffi25 T METH (¥ E /2 2. 0 mmol/L, iRk
JE AR FATHTIY A A 50 JE Rl AN 52 45 R DA Je Ay
el SCRRZE A IR

(2) JEAR B Bt 2o i R 5%

HU1~2 d B8 E C57BL/6) /N 6~8 H IR
TE T5% WV i 3~5 min, BEJS Wk | I8 ik 20 21
SEAEICH Bl 0 ke PSSR A, BB T A 4
T3S WAL H) DMEM R FR I, nA 0. 25%
JERBEVCHIUS A SG FRAR AT AL T 10~ 15 min,
HUAS & DMEM & 0 58 @ i R sk bk s k. BE)S
1000 r/min & 0> 10 min, ] & 540 i &7 ., A
DMEM b5 58 &35 364595 4~ 6 h J5 , e ipf &0
L BRI (& 15% FBS 2% B27) . B E s
04T METH B /2 0. 1 mmol/L, [l &
FA) 6 AR B0 T A1T] T 400 A A 9 S5 At A 9 45 SR e
TERY
1.3.2 sh¥sess

20 H/NEUBE ML AR AR /K 40 AT METH 41, 45
4110 K, 42550 K4l 10 mL/kg, METH
H 2 mg/kg, FER 2 WK, R 12 h, L4257 d, 462
HIE AR /N R 3 AT R A8 Ak, 4 25 45 R 5 RR

P /INBR, 4 /N BRI 400 I Bz J5 R B 4 2 AT
PRicfa R Fr T -80°C kA& . Hrh 3 Hil 4% %
SR F S 3 O L A Pl 1 2, 1A A 3P o
1.3.3  Gpeudt

) R s B K AR S E I, 10% 1
A7 % IR B ] 40 min, I A — P dsDNA (1 :
200) , AR &, 4CIHEE L, H PBS U,
5 minx3 W, ARHE—HT RN E AR B = HT (1 -
200) , EEME AT 1 h, FH PBS ¥, 5 minx
3, TIPTTEEEE R (& DAPL) 8] 50Ok
WA IR SRERIE
1.3.4 Western blot

WO A 2H 40 T A0 e o A S ZH S N
AR 2 AR VK 24 % 30 min J5,12 000 r/min
B0 15 min, BV TR PR BE N E B
TS 5xSDS LG Ml iR ), bl Js iE A7 8 1 AR
P, EE EFER N 25 ng, ] 12% SDS-PAGE #E i
HLUK A B S TR R B R 1 5% A5 3 PVDF JE
L H 5% AR A W= B A 1 h, F TBST ¥k B
10 minx3 KJ5 , ¥F—H0 B-actin (1 : 1000) ,y-H2AX
(1:1000)4%C 17, F TBST ¥ 10 minx3 ¥, N
AHR A ZHT(1 = 5000) , ZFFHE 1 h, A TBST ¥
B 10 minx3 K, H&E MR & 48k £ EA, H
Image J 3 PFHATER H R E(ETTR
1.3.5 Wit ot

I3 525K (open field test, OFT) #EA7 /N
B ERARFPE S BT, B RN RN
FETPIE N 1 bR A TS S, EALE Y 3 d 5, R
INRTELG AT 1 d, AT 547 i, Bk 15
min , >R H R W 4% R0 |- ¥ IR X Super Maze %1 5
WAT R o A P BR A 1 SR /DN BRI Bl R A | R R
TR AR 25T R 27408 (Pre) o 45257 d
J& , BT AT 2 R, VRN A 2 R AT N 2R B
P (Post) , AT T AL BRER K AT METH 5 9%
ISR TG AT
1.3.6 HE Jif5

AR B BE7K ( ZH 2K 10 minx2 IR, Jo/K
L 10 minx2 YK ,95% Je/K LI 5 min,90% JC/K 4
% 5 min,80% JC/K £ 5 min,70% Jo/K Z % 5 min)
Je HZEMRKIEVE | min, RS HE1T 70 R 2R YL 4 A%
FGRLT G i B T, K 3 R, B, M A
& Ja RAEEE T .
1.4 SFitFEHE

I SPSS 17. 0 G284 A T SL B B i 4t i
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230, R GraphPad Prism 5 #4752 560 %048 46 i1
S Hriil I, Adobe Tllustrator CC T 4 HE F14H & &
o A SIS B L B B R i 22 (e £5) /R
RS BEAR ¢ KSR EAT AL IR L H , = 0. 05 AR E:
brifE, P<0.05 AEFAGITFE L,

2 HR

2.1 METH #{5#&Z M1 dsDNA HI1ER

FH 0.1 mmol/L METH 43 %I 4b ¥ BV2 41 ity ,
HMC3 4 F jz 5 S A 28 58 DL & 2. 0 mmol/L
METH 43 %&b B U-87 MG 41 il #1 HT-22 41 ffl 24 h
Jo A MIE A, S5 XA HE, BT A 40 i i 1A
AR S AR A D B HS BE S50 4 < R

BRI AR, WE 1 9 A1 ~E1 /s, F Western
blot &l yv-H2AX (15 OL, &5 Rl 1 frox, 5%
WEZHAH L, METH 2 BV2 401 . HMC3 400 JRAC
JERR£5 50, U-87 MG 4 Jifd Fil HT-22 41 Jifd & 3k -
H2AX /K3 71 (P<0.001) . 13683 METH A B
WG BV2 41 HMC3 4 JFAR i i 22T U-
87 MG ZHfu 1 HT-22 Zfifffd dsDNA
2.2 METH X/MNRITAZHIFNG

W 3750 B METH X6/ U R 3% sh s i
SO, AT R A RN 2 Bron SR R K
AHLG, METH n] 3458 /N U2 il , /N Bz sl L
TER W SR BUR E 2% . W] METH A %4y /B
PREE R G, WA 2 0 mT Be B AT s/ E H

W AL~EL 205020 BV2 4l HMC3 4t SR R TR 28T | U-87 MG 40 i1 HT-22 40 i s B3 18] . A2~ E2 43 31> BV2 40l . HMC3 41 fifg
JFAR B BT 2278 U-87 MG 4R HT-22 40 y-H2AX A9AHXT 23k K T, SXFIRAIAH L, 45T METH J&5 , BV2 4l . HMC3 4iit JRAC B 5 fi
2570, U-87 MG 4HMIAN HT-22 43k y-H2AX /K0 8 T, Ui W3 METH W7 #5140 F iR 40 A9 dsDNA, SXFIRAIMILL, ** P<0.01, “* P

<0.001,

1 METH X AR SR 22 A0 I A5 A SR RN y-H2AX RIK T (n=3)
Note. Al~EI are the electron micrographs of BV2 cells, HMC3 cells, primary cortical neurons, U-87 MG cells and HT-22 cells. A2~ E2 are the

relative expression levels of y-H2AX in BV2 cells, HMC3 cells, primary cortical neurons, U-87 MG cells and HT-22 cells. Compared with the control

group, the levels of y-H2AX expressed by BV2 cells, HMC3 cells, primary cortical neurons, U-87 MG cells and HT-22 cells were significantly

increased after administration of METH , indicating that METH could damage the dsDNA of the above cells. Compared with control group, ** P<0. 01,

“* P<0.001.

Figure 1 Effect of METH on morphology of different types of nerve cells and induction of y-H2AX expression
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2.3 METH X3/ BTSN 57 R A0 i5 5 #4240 R 72
E:EAl

W HE B0 0088 METH % /) BUR 4 - 5 5t #
Vi T P 2 AT S I 5

RUARIT B2 HE Y2 5 an &l 3A 3B iR,

55 PER K4 A F, METH 20 52 J57 9 4 26 40 e B 55
IR, WG R P 3 58 F 43 P 28 2 ML AR IR BT, T
B HE Yeta 25 5 n[& 3C 3D iR, SRR
AR LG, METH 25 ¥ 5 44 28 41 it B f 7K i g 1R 1k 44
5, JE] B 2R T GG A

A DNEIZ SR B /NBUS B SR T, 54 FEER K A H , METH ] 34558 /)N BRI 12 ShL Fis 3h R AR, Ui METH f] X485/ N4 &
5, AN T RE LA B IR EH . 54K AIM L, ™ P<0. 001,
B2 METH X/NFGE shuE BRI (n=3)

Note. A, Movement track of the mice. B, Total distance travelled by the mice. METH enhanced the locomotor trajectory and distance travelled in mice

compared to the saline group. This indicates that METH can excite the nervous system of mice and may have a toxic effect on nerve cells. Compared

ok

with the saline group, P<0.001.

Figure 2 The effect of METH on the movement track and distance of mice

B3 METH X /N RSz 5 A S 4o 22 20 B T 285 1 52 1)

Figure 3 Effect of METH on morphology of neurons in prefrontal cortex and hippocampus of mice
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2.4 METH Xf/ R B
RIS

FHIF %E METH $53 473 /) BRUR %50 - i S5t TR
RHZE A dsDNA FOE O, 25 RN 4 s, 524
FRER K 2 AR HE, METH 41 B2 5 Fnifg o5 21 40 N R ik
dsDNA 9 #hZe 4 fu i B i 3 2 HoEORas i i
o, BB METH 7] 5 5 dsDNA #1405 (# )2
DAPI, 28 /2 dsDNA)

FH B RAiED A dsDNA

2.5 METH #S/NREjfsiMtERMESRIE
H2AX HJ1ER

H Western blot 43~ 531 K6 0 /)N 55 s 451 i Rz Joi it
A y-H2AX YRIRTE AL, AR K o R
FiK y-H2AX PYZER B E 5A 5B fiR, 541
ERIK LA B, T A0 I B 5T R B 4] 21 3R 58 y-H2AX
HIK V-4 B E T (P<0.01) . BB METH A 45145
FIAI I K 5T R S5 PY ) dsDNA

B4 METH X/ BUT#tH B SORIEE S5 A dsDNA 520
Figure 4 Effect of METH on dsDNA in prefrontal cortex and hippocampus

Nt y-H2AX AYRIRENL, A TR B BT IR y-H2AX BT s B ¥ 35K y-H2AX

1 FH Western blot 43 RS /1N R 45 - B 5t A 21 2
LRI y-H2AX /K2 35 T, Ui METH w] 45345 5850 Bz J5 R 55 9 B9 dsDNA

HITE L. A BER K AR LL , A0 e o i £
5AEMERKHMIL, ™ P<0.01, ™ P<0.001,

B 5 METH 55/ AT J SO 23R8 v-H2AX BT 5
Note. The expression of y-H2AX in mouse prefrontal cortex and hippocampus tissues was detected by Western blot. A, Expression of y-H2AX in
prefrontal cortex. B, Expression of y-H2AX in hippocampus. The levels of y-H2AX expression in both prefrontal cortex and hippocampus tissues were
significantly higher compared to the saline group. This indicates that METH can damage dsDNA in the prefrontal cortex and hippocampus. Compared
with the saline group, ** P<0.01, *** P<0.001.

Figure 5 METH-induced expression of y-H2AX in mouse prefrontal cortex and hippocampus
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3 Wit

v-H2AX J& DNA 453 i FE R AR5 ), DNA XX
HER A BT 2 R y-H2AX B2 i, TR
DNA Fiffiff , DNA XU W7 4 15 1) 57— 5 o i 4 26 1
H2AX 2 139 13 225 R ( ser) W & A W R 1L , I+ 4
B y-H2AXY | — B U & A DNA XK,
v-H2AX Wi BRI B, 458 495 #6023 A K i y-H2AX
£ P R A, DNA RUEE I 2L 2H 7K 1
H2AX B 23 3 5 R 1k 2 i v-H2AX 4, 41 26 1
H2AX 825545 DNA B2 B 1 F1 DNA 5143 /2 v 2K
FIXHR i DNA T8 2) — M y-H2AX 2 5E
{0 T DNA WUEEWT 24D  HAEPAT— FR AN 451473 )
7 P TR a2 XoF 40 i A BT kA5 R L IR, -
H2AX 7E DNA #5418 & /9 A 2 08 58 o B #4401 HY
Rz —, A5 EEHRT METH X #f 28 41
dsDNA GG B, FEMERLS T METH J& , AN[H
R [ 2 0 e 3k y-H2AX 195 B, B A 1) B
METH $5 173 # 2 40l dsDNA (945 0, I F58 METH
P2 BEPEAE ML B AL BRI AR

H AT, A y-H2AX AJ T &40 #1 DSBs FITF:
fli DNA B2 80% , il i S B Ep B R | =X
Y AR B B SO AR X y-H2AX #E AT R K
M, ARBFFE EE N Western blot #5:0 y-H2AX, Jij
JHIF #00 dsDNA Y4516 oL, A58 & B, 5 %F
TRAARLE , 457 METH J&, JRAC Bz #4820 HT-22
Y BV2 40 F1 HMC3 4 25 & A IH i A8 1k
LA METH X ph e 20 il LA — a5
XTHRAIAH LG, 45 20 P 20 20 g 2 3k y-H2AX 97K F- B
Wb, ULB METH AT 45047 # 28 41 il dsDNA, 3K
MV — 2D AR AR Y R AT A DG SE 36 R B iE g FH AR 3
ERKAE A X BE ) BE s 1 5 METH J5 , b H B 35 3547
INBAT R 2= a0 T, ATTA B, 457 METH J&5, /N
12 sl H T BR, 32 ol Bl A R B Y 2 1
METH XJ/NRA 2 RGEHA XMAEH . H HE 446
3 L I I B S5 R B PN b 2 20 R S AR Ak
0L, &I METH W] 175 5 4 28 41 i K i, 355 40 4 28
YA PETR MR AR, 43 /N BRI AR T R R
Ly 1 Western blot A5 5 fis X P y-H2AX (13
KK, SA K A b, METH 25 i 43 - K2 ot
FE DS N y-H2AX [ #2358 /K S 24 B 8 7 &, 156 B
METH w] 45345 1 45 0 B2 5% F1 S5 Y dsDNA, BB Ak,
BATINHH TF WEE dsDNA #4518 o, 54 HER K 24

AHEL , BRI 2 SR AR S5 Y dsDNA 51475 41 Jifd %5 - B
WL SOETRIE I B IgR, UL METH 414t
B TR B A2 A I AUEE DNA & A BH B 451407

HHFFE R, METH /EH 24 h 7T ¥ B B B REAIK
HepG2 4 FN TR146 2B TEPE , [R)B AT i 88 4 i 44
1 15i HepG2 40} F1 TR146 20 i DNA, 11
METH 5 U5 FIAN 22 5E ¥ 5 DNA $ii A ¢, i
VLU A METH X3t (24 i LA E Y .
AN, AR B (amphetamine, AMPH ) 7 4ig iF £ 47 {4
THREREDT 1 DNA $i4);, %t f2 5 AMPH BT v-
H2AX FUAD ] Ak, DL K % 5 04k I 3% A s
caspase-3 B UIAH I, AMPH B ¥ & 458 14 T &5 y-
H2AX BYREAKES ) aRi o 35 2 W36 A 45
A DNA, FATRY A 580 B METH RJ 451 4 #f
Zo4fI L dsDNA , (H ELARAE AL AN 8 28 (45 F
— R

M2 METH #5145 £ 400 dsDNA nlRE2 5 T
METH 755 i #2852 VR, (B B AR A R AL] A
W, TR N ERAL BRI R, B e D) A 2
V) 1 27 it 7 ) %) 2 A PR SR AL o, T AR I
BIRYT 250, 30K 2 75 i I 58 4084 TS T o
F4) B 257 IR A5
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Experimental animal model of adenoid hypertrophy

ZHANG Yixing', JIANG Zhiyan®* , LIU Angi', WANG Shumin', SUN Chenghui'
(1. Shanghai University of Traditional Chinese Medicine, Shanghai 200000, China. 2. Longhua Hospital Shanghai
University of Traditional Chinese Medicine, Department of Paediatrics, Shanghai 200030)

[ Abstract] Objective To evaluate the feasibility of an animal model of simulated adenoid hypertrophy by
combining animal models of allergic rhinitis and chronic pharyngitis. Methods A rat model of allergic rhinitis was
established by basal sensitization through intraperitoneal OVA injection and nasal enhanced sensitization. A model of
chronic pharyngitis was established simultaneously by a throat spray of ammonia, both models were combined into a rat
model of simulated adenoid hypertrophy. The symptom performance of model animals was assessed by the animal behavioral
score after modeling. Pathomorphological changes of nasal and pharyngeal mucosae and nasopharyngeal lymph nodes were
observed by HE staining. The percentage of eosinophils was assess in rat whole blood. I1.-4 and IgE levels in rat serum and
mucosal tissue were measured by ELISA. Results The behavior score, eosinophil percentage, and IL-4 and IgE levels in
serum and tissue were increased compared with the control group (P <0.01). Compared with model group A, the

eosinophil percentage and serum IgE level were increased in model group B (P<0.01). In the model groups, nasal and
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pharyngeal mucosae and nasopharyngeal lymph nodes showed different degrees of disease-related histopathological changes.

Conclusions The rat model had symptom manifestations and pathological changes similar to adenoid hypertrophy. This

animal model of simulated adenoid hypertrophy can be used as a combined animal model of allergic rhinitis and chronic

pharyngitis, but requires further exploration and improvement.

[ Keywords]

adenoid hypertrophy; allergic rhinitis; chronic pharyngitis; animal model
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HEAL K RRIASEAY A 4 [R] I B[R] 46 2 NS s 3 5 2%
BT, (2) CP R BB [ KR, AL A B
ZH I IS 55 45K 5% 2K A K BRI, 35K 2 I,
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d 5 25 PG RRZH U] DL S i NS s 25
2.3.3 T s

e — IR BUB R W B Z 45 K5 1 h Y,
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Table 1 Comparison of animal behavioral scores in each group

215 PIEL (times/h )
Groups Number of nose scratches per hour
23 i BB 2
= FIXTRAL 0.00(0. 00,1.25)
Control group
HEL A 4 .
Model group A 8.75(8.00,11.50)
B B 41

o 4
Model group B 16.50(16.00,19.25)

WK DS (times/h) AT Y
Number of coughs or sneezing per hour Behavioral score
0 1. 00£0. 63
3.00(2.00,3.75) ™ 6.33+1.03™
3.00(2.25,3.75) ™ 6.67+0.52™

T 5 o B L

*P<0.05, * P<0.01; 588 A 4, *P<0.05,

Note. Compared with control group, * P<0.05, ™ P<0.01. Compared with model group A, *P<0. 05.
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EHUE SO B E A E S A NIR A HERR
3 A M B T R A i 4 1) J5 JC 7K b 8 e s B A 2
L BRI 5 L AR, 45 ke BRSO
V) 7K B, 280 5 PN T AL g T 1 400 T v e 4 i
Tk EL 2N I s 75 B 41 SR A 412RM, 4B
file K™ 6, b 4B AR R A3 L B A AN

®2 AU EOS% KV A
Table 2 Comparison of EOS% levels in each group

5 I FR R 40 MO FT 43 L (%) R .
Groups EOS%
23 % B Y
AL 1.23+0. 57
Control group
BRI A 4 .
Model group A 3.82+0.43 40.232 0. 000
A B 4]

ok 44
Model group B 10. 05+2. 95

T A PO EAL LR, T P<0.05, T P<0.01; SEAA A LK,
"p<0.01,

Note. Compared with control group, “P<0.05, “ P<0.01. Compared
with model group A, *P<0.01.

A, BRI B0 B S B /0N I T 5K A ] 5T K i R
%, RYEAERIE I

25 A L2 A 86 B [ A )22 S 3, AT D,/ A
ML 7 U A R A DL D S o P 0 4 5 A AR A 2
FHIE A 2 IR, /1 3 B8 v, 266 M€ 28 4 m] DL AR
PEYHMTIR I , 26 R 20 M3 A= | AR mT L 5 i A
K FHIER RT A0 L B 5K 5 AR B2 M S 450 40
PR T B RIRAE, BN 2 R K M 454 2
L, FIVREAT St s i, B AR (8] J5T AT D+

25 FAOR HR A0k L 45 2 20 245 44 TE 7 bk EXL 400 it
G MR A ZH AR R B4 DL IR L )N 23 A A
KRG L NG Py AE & oD AN B b A AN

SRS, 25 FIRT B S | P 280 R R 0k 1 45 45
FAIFEA IE &, R 2H 455 70 2 359 A7 AN () 7 B o P ol A%
{HATAY B MR, WL 1,
3.4 KRMEREBEFARAL IL-4,IgE 7KF

Geit il AR A 4 AR B 2 I M A
IL-4 Igk /K as o A ¥ e 25 B (P <
0.01) ; PHALBI YA 2 (M) X HE, M7 1L-4 7KOF-, FE7Y
A HEH B M, =R A G X (P<0.05),
HA L4 KA Z [ G222 5% (P>0.05),
MG B L2 Tk KPR B 4B A 4 (P<
0.01), W3,

Bl 1 HE B )5 Bl A Zh I A 5o M Bk L 45 2 200 PR e

Figure 1 The histopathological changes of nasal mucosa, pharyngeal mucosa and nasopharyngeal lymph nodes by HE staining
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R3 SHIWIMNIE LHH 1L-4 IgE K

Table 3 Serum and mucosal tissue IL.-4 and IgE levels in each group

265 M3 TL-4( pg/mL)

Groups 1L-4 levels of serum

37 TgE ( wg/mL)
IgE levels of serum

HLTL-4( pg/mL)
IL-4 levels of tissues

HA IgE(pg/mL)
IgE levels of tissues

25 X IR
Control group
A A
Model group A

R B 2
Model group B

15.897+3.133

42.877+4.581™

39.610+5. 210 **

1.091+0. 141

1.579+0. 092 ™

2.021£0. 124 *

37.042+11. 637 2.103+0. 141

117. 112+8. 709 ™ 2.591+0.092 ™

118.941+12.277 * 3.033£0. 124 ™ *

5 AXTIRELIES, ™ P<0. 015 BRI A 4L IEEE, "P<0.05, " P<0.01,
Note. Compared with control group, ** P<0.01. Compared with model group A, *P<0.05, *P<0.01.
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Mechanism of Shenshuai Recipe in treating chronic kidney disease-related
myocardial injury based on network pharmacology
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Abstract Objective o predict the mechanism of Shenshuai Prescription ( SSR) in chronic kidney disease
p p y
(CKD) -related myocardial injury using network pharmacology and molecular docking method. Methods We used the
y jury g p 8Y g

traditional Chinese medicine systems pharmacology database and analysis platform ( TCMSP) and Herb herbal medicine
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identification database (http://herb. ac. ¢n/), and the SwissTargetPrediction database to screen target information of
active ingredients. We then used the UniProt database to screen for human targets and standard gene names. A drug active
ingredient target network diagram was constructed using Cytoscape 3. 7. 2 software, and the GeneCards database was used to
The “ Shenshuai Recipe”

established using Venny 2. 1, and the STRING database was used to build the main component target interaction network

collect disease-related targets. against CKD myocardial injury gene target database was
and screen key targets. Cytoscape 3.7.2 software was imported for topology analysis and a protein-protein interaction
network diagram was constructed. Finally, the DAVID platform was used for Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis and Gene Ontology (GO) biological function annotation. Results After screening,
there were 252 active compounds in SSR and 649 common targets of SSR and CKD myocardial injury, among which AKT
Serine/ Threonine Kinase 1 (AKT1) , Tumor Necrosis Factor (TNF) , Mitogen-Activated Protein Kinase 3 (MAPK3) , and
Vascular Endothelial Growth Factor A (VEGFA) may be important targets of SSR in treating CKD myocardial injury. GO
analysis identified 1485 Biological process items, 176 Cell component items, and 386 Molecular function items, of which
plasma membrane, cytosol, and cytoplasm had the largest number of enriched genes, and 313, 304, 276 genes were
distributed respectively. KEGG analysis indicated that HIF-1a, Lipid and atherosclerosis, AGE-RAGE signaling path in
diagnostic complexes, phosphoinositide 3-kinase ( PI3K)-AKT, and insulin resistance pathways might be involved in the
mechanisms of SSR in treating CKD myocardial injury. Conclusions SSR might play a role in cardiorenal protection by

participating in multiple mechanisms, including improving insulin resistance, improving lipid metabolism, anti-

atherosclerosis, and regulating the expression of inflammatory factors and vascular endothelial growth factor, with the PI3K/

Akt and mitogen-activated protein kinase pathways being potentially important signal regulation pathways.

[ Keywords ] network pharmacology ;

myocardial injury

molecule docking;

Shenshuai Recipe; chronic kidney disease;
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en/) DA BEES “ AR BT <30 S IR Il 2
PSR R PR B R R
FAENHE KRR W, fER R AR i
TEALA W) 0 3 4% A« 25 2 1 (drug-likeness, DL) =
0. 18, I Ik 2= W F] FH 28 (oral bioavailability, OB) =
30, BHF, A Excel RAKENE =G5
WA 0 P 3 ek A ) SCHR AR FE 0T 58 3% 15 s 4
I o WAL E W
1.2 BRSS9 - B 4 — 5B = W 4%
b iafe

FIF TCMSP %4 2 Fl SWISS Target prediction
Bt PEAR R AN AT B 5 P B AR DG S AR R,
fifi 125 H J5 il 4 Uniprot B8 22 i 6 HH N ZEHE 45 Al
FYE LA 2 , i Cytoscape 3.7.2 B4VEZ Y-
RS~ 25



P H A R 25 2023 4E 7 A% 33 455 7 4] Chin J Comp Med, July 2023, Vol. 33,No. 7 19

1.3 R XEEAAIIREL

LI chronic kidney disease, cardiomyopathy
cardiorenal syndrome A2 17, 73 5l A GeneCards %%
PR AEBi AH SCHE A, 37 CKD (O L5 15 AH SCHE
MR
1.4 AY-ERFEERESNFESHEERNE
E

iz FH Venny 2. 1 X« B3 HUMAE S (1.2) 5
CKD WU i AH A (1. 3) i AT 38 e IR o7 “ 5
TETT7 YU R B O LA A7 1) B DR A5 K0l 5
FL[R] () JE R 5 5 A STRING, ¥ F % £ Homo
sapiens ; 38 U0 25 AH B /E H M 4%, 5 A Cytoscape
3.7.2 B A% HE AT 0 Fb 43 L PPI ( Protein-Protein
Interaction ) X125 FE A4 44 8, IR A 1T 2509 Degree {H
RN R SN ) e
1.5 ERBERSEMENERNTT

H BT Bt CKD L LR A 4 TS A5 A% )
DAVID ¥ 5747 KEGG 3 # & 4507 (P<0. 05) Al
Go =W DI RETERE, i L& Hi AT 20 44 KEGG i % Al
HI 10 44 GO A=W D Re ATl AL .
2 #R
2.1 BERFAEERSHIFIESER

BRI R O 10k o 28 4% 25 B O TR AR TS PRI
Yy KRB 20 MEE Y, A E 34 MMES
Yy, 562 21 MEEY, IR 20 MG, 112y 16
MMEEY, P12 59 s, FEE 10 Mea Y, £
RE 15 LS, HAERE T 5 6 MEE Y, 35
234k, R 16 MEE Y, NHE 12 Med
Yy, LLR 20 4 A+ 91 S 40 ) OB% (DL {H
(1),

B 1B AT RO L Y LR
Figure 1 Wayne diagram of Shenshuai Recipe for the

treatment of myocardial injury in chronic kidney disease
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Table 1 Top ten compounds with degree values and OB% , DL values in Shenshuai Recipe

PG

(g E S/

OB DL
Active ingredient Source of compound %
R W, LARE (IR R IR AR 46. 43 0.28
Quercetin Astragalus, smilax glabra, hedyotis diffusa, epimedium ’ ’
SEpi e ym o
H 58 RREEE 41.88 0.24
Kaempferol Astragalus , epimedium
MN R PR LY
. L S N 36. 16 0.25

Luteolin Codonopsis pilosula, salvia miltiorrhiza , epimedium

-0- =1 A iy
7-0 Fﬁ%#ﬁﬁ?mj I 74. 69 0. 30
7-0-methylisomucronulatol Astragalus
BAEFRR el 45.41 0. 44
Anhydroicaritin Epimedium
7-HV AR - 2- e e BT e 4256 0.2
7-Methoxy-2-methyl Isoflavone Codonopsis pilosula ’ )
i INZRBE i 1T, 1AK%

X v Cornus officinalis, epimedium, alisma orientalis, 36.91 0.75
Sitosterol ]

smilax glabra

o WA, 0%, PR
Bsitosterol Cornus officinalis, smilax glabra, hedyotis diffusa, 36.91 0.75

merostero Chinese rhubarb

LU 3 ~%/ 3 ﬁ‘i—’—
PARIER > 69. 67 0.21

Formononetin Astragalus

HHEZSE 9 diincarvilone A RREFE TCMSP HRiE i, AR & B OB% DL {H , BURIER P I

Note. The second-ranked diincarvilone A failed to screen out in TCMSP, and no OB% or DL values were found, so it is not listed in the table.
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Figure 2 The “drug-component-target” network of Shenshuai Recipe for the treatment of CKD myocardial injury
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B3 SERYTHLAR) PPLER AR R 2%

Figure 3 PPI protein interaction network that intersects therapeutic targets

B4 ZCARITHE AN PP AR U E AR 4 nl AL 7B

Figure 4 Visual analysis of the PPI protein interaction network of intersecting therapeutic targets
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B 5 FEINAIT CKD DU SR LR GO 2047

Figure 5 GO analysis of the intersection treatment targets of CKD myocardial injury in the treatment of Shenshuai Recipe

B 6 FEIrifyy CKD GRS HIRT LA KEGG 1 % & 4270
Figure 6 KEGG pathway enrichment analysis of intersecting therapeutic targets for the treatment of CKD myocardial injury

by Shenshuai Recipe
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2.6 HTFIELER

RAGE signaling pathway in diabetic complications

hepatitis B, 7 #t—2 70415 B 5o (941 ¢, 2 i T2 REGRER, KT RS RHER, BT
o3 AT bR TE i b Al BRI E TR AR AL IR LT R REAR Ay 5 SR RE I 45 5 i It

;A B Diincarvilone A 5 AKT1 2R FRFHX 2 E ; C D Diincarvilone A 5 TNF AR XHE K E F: Quercetin 5 AKT1 2 1A F135 43 %}

$2E ;G H: Quercetin 5 TNF 3 {&X} 2 E]
7 Sy FRHERE
Note. A/B, Overall and partial docking diagram of diincarvilone A and AKT1. C/D, Overall and partial docking diagram of diincarvilone A and TNF.

E/F, Overall and partial docking diagram of quercetin and AKT1. G/H, Overall docking diagram of quercetin and TNF.

Figure 7 Molecular docking diagram
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K2 BRI SN T A S RE
Table 2 The binding energy of the key components of the
Shenshuai Recipe and the target gene molecules
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Comparison and optimization of acute alcoholic liver injury model in mice

CHENG Jinlai, ZHOU Ziyu, LIU Li, SONG Lixia, HONG Kun, TAN Yuqing” , YANG Miyi "
(Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100013, China)

[ Abstract] Objective To investigate the factors affecting the establishment of a mouse model of alcoholic liver
injury. Methods A total of 150 specific-pathogen-free male ICR mice were divided into three groups to study the possible
influences of different experimental conditions, including modeling period, frequency, type, and dosage of modeling agent,
and time interval between doses. Mice in the three groups received 60% ethanol and alcohol with 53% volume ratio by
gavage at different doses, frequencies, and time intervals and the mortality rates were calculated. We also detected alanine
aminotransferase ( ALT) and aspartate transaminase ( AST) serum levels and malondialdehyde ( MDA ), glutathione
(GSH) , and triglyceride (TG) levels in liver tissue homogenate. Liver pathology was examined in tissue sections. Results
The mortality rates in the 1-day modeling and double-dose liquor modeling groups were 20% and 40% , respectively, and
the mortality rates in the 4, 6, 8, and 12 h interval dosing groups were 40%, 20%, 10%, and 0%, respectively.
Pathological indicators, including ALT, AST, MDA, GSH, TG, and tissue pathology worsened in line with shortening of
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the gavage interval and increased gavage dose. Conclusions

The alcohol dose, length of the modeling period, and

frequency of dosing affect the establishment of an alcoholic liver injury model in mice. We suggest that dosing mice with

alcohol with 53% volume ratio
successfully cause liver damage.

[ Keywords]

mice; alcoholic liver injury; animal model

twice a day at 20 ml/kg body weight or 10 mL/kg body weight at 6 h intervals can
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Figure 1 Concentrations of TG in liver tissue of different experiments
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Figure 2 Concentrations of GSH in liver tissue of different experiments
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Figure 3 Concentrations of MDA in liver tissue of different experiments
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Figure 4 The content of ALT and AST in serum of mice

5 /NEUITHZURERY)

Figure 5 Hepatocytes adipose degeneration
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Figure 7 Per Area value of oil red staining of mice liver tissue
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IMPDH?2 expression in the temporal cortex in a rhesus macaque
with chronic SHIV KU-1 infection

ZHAO Changcheng' , DING Huaming', LU Lunshan', ZHANG Qian', YANG Jing', DONG Ying',
XUE Qunshan', ZHUANG Ke**
(1. Infectious Disease Hospital, the First Affiliated Hospital of University of Science and Technology of China, Hefei 230022, China.
2. Center for Animal Experiment, Wuhan University, Wuhan 430071)

[ Abstract]  Objective To investigate the effect of HIV infection on inosine-5’ -monophosphate dehydrogenase 2
(IMPDH2) expression in the cerebral temporal cortex. Methods Montreal Cognitive Assessment (MoCA) scores and
magnetic resonance imaging were used to assess mild cognitive impairment in HIV-infected patients. In addition, the
histologic structure of the temporal cortex in a rhesus macaque with chronic simian-human immunodeficiency virus ( SHIV)
KU-1 infection was examined using hematoxylin and eosin staining. Moreover, IMPDH2 protein expression levels in paired
healthy and infected temporal cortex were examined using immunohistochemistry and Western blot. Finally, putative genes
associated with IMPDH2 expression were investigated using protein-protein interaction network analysis. Results HIV-
positive individuals had a thinner temporal cortex compared with healthy controls. In addition, the numbers of neurons in

the temporal cortex were decreased and IMPDH2 protein levels were significantly lower in the infected monkey compared
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with healthy controls. Eight genes interacting with the IMPDH2 gene were identified. Conclusions

Downregulation of

IMPDH2 protein in the temporal cortex might be involved in the pathogenesis of HIV-related neurocognitive disease.

[ Keywords ]

rhesus macaque

HIV-associated neurocognitive disorder; IMPDH2; temporal cortex; SHIV KU-1 infecion;
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M F R FE BN 107 ~ 10® copies/mL! )
1.3.3 Wiy J2 HE G B

VIR fz 229 0.5 em’, 7E 4%
Hh R 3 VR v U O e A, IR R AT R B £
B  HORE I AR M ESRE, Uk
JEEERN 4 pm/5K, KGR B KA, TR AORS i g
5 min, 1% LR L B2 50 1E 3 s,0. 5% S KR # , T
0. 5% BB YL 10 s, BiK B E A,
1.3.4 iy tafkaill IMPDH2 & 3Rk

WU Kz SR LAY B BB K RIS AT
R 22 PR, T BB 2 20 min, S IRE AT N 3%
AL A, 37°CHEE 10 min, PBS 121 2 YK X5 min;
TN 10% 1026 1% , £ 30 min;—HE (WEE 1:100)
4°CIFE LR ; PBS YL 3 YK x5 min, i A8 b
ICEPTAR G TARMREE Ny 1: 400) Z=EMFH 1 h;
PBS ¥k 3 ¥k x5 min, i 11 SABC 357 45 , 37°C 07
# 15 min, PBS ¥k 3 Yk x5 min, DAB & (i1 & %
82 min; FEHIRARE R Y w5 HUBK BB, PR
W R B R AR,
1.3.5 Western blot £l IMPDH2 £ H %1k

VI Bz R 404125 0.5 em®, B T RIPA 2t

W, E VKW A1 9%, 4°C 12 000 /min &0 30
min, Y& 135, SR BCA SLIEHE AW, A
Loading Buffer, Z i 10 min, FAF 30 pg IR,
28 12% SDS-PAGE HiJk 0 i, L 200 mA i i {2
LRI 1.5 h, 5% BTk 2B A 1 h, Z35linA
—HL(HRE R 12 1000) ,4°C i, K H ,TBST %
B3 x5 min, JERRATA ZHUCHRIEL 1 2000),
FIMEE 2 h, TBST P 3 x5 min, B _E N
ECL &G, W F Image Pro Plus 6.0 A 45
H 125407 0D {8,
1.3.6 Tl IMPDH2 FikHHOCHEA

R A% B R S M Y 2R A AR RO % id
( http://iid.  ophid. ca/SearchPPls/
protein/ ) , 45 & 8 I AH BAE B 22 string (https ./
string-db. org) , 7341 C1E 3L A FTAT LT (74 25 5 —
FE HUSUAH EAE FH ( protein-protein interaction, PPI) fif)
A= WS R 25 BE R
1.4 SiFrEFE

ol DLV S 8+ bp e 22 (x25) Row, ]
GraphPad Prism 5.0 G384 647 00, 4541 6] 48
Pr2s Sk s H ¢ ke, P<0. 05 25 5 oA 31

£,
2 #R

2.1 AFINEELLER

fa B X B AL RN HIV B 19 MoCA 43433l
H7(28.3+1.4) F1(25.8+2.6) , B AT X
(P<0.05) , W] HIV &Y 3T RE ™ 4 T 0,
I MoCA HIPES: , HE HIV YL 43 A i B
LHANTCIN R BERTAL , BB GE T 2RI PR L
%1,

utoronto.

R A/ AHEARIBRTR HIV S D e B AN R AE

Table 1 Demographic and clinical information of HIV-infected patients with or without cognitive impairment

HIV e
Wi { HIV-infected patients XS IR (n=40)
Ttems FEA l;‘%’ﬁ%( n=32) TN l;‘;l,’ﬁ%( n=56) Healthy control
With cognitive impairment Without cognitive impairment
i (2) 48.5+9. 8 36.9+10.2 41.8+14.7
Age (years)
PR (B2
28/4 50/6 36/4
Gender (' male/female)
= 4 N1y e 3
HRA% CD4 411145 cells/mm* ) 92.7+113.6 335.4+131. 4 75393
Minimum CD4 cell counts
J4 Hs <.
T ) 18.3+26.9 4.1£8.7 N/A
Treatment duration ( months)
A SR/ A
MoCA 351 (4) 20.3+3.5 27.7+1.6 28.3+1.4

MoCA (scores)
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2.2 HIV BEEFMEZEINEEHE MRI &

G MoCA R IIEST 4% HIV YL 43 A
PN B B 2H AR BG4 . MRT - 49 B2 1
FIH /R - 55l B X6 BRI 1A A EE RN 0 B A 1
HIV-1 BYe 5 8 iy J2 38 i A0 3, HA 3 W2 &
BEROR B R KA K T AR5, AR RGF, DWIL 751
EmEfET,ADC BIRAE 5. Ao B &, Bl
WA 25 7 £ 2 FEAE 25 (&) 1C) 5 10 AS A DA A0 8 i £
HIV-1 J8Ye 2 i 52 5 R LA B 5w stk (& 1B)
SERRN], K j 2 g5 R s RE R i S 5
T HIV YL E N RE T By ARt 72
2.3 SHIV KU-1 B rh [E {8 %8 42 3 0% I IR
FEAR

FIH SHIV KU-1 8 A% 2% G it B v [ 8 ] 4 A5
P HIV B BT 800 il 2\ FNREAS . SC 0000 1) 9 2
RN TIEYL G 72 APATEIRIE,, ZBEAER
S SR IR AR ) ol 28 S0 R IR AR IR R 22

JBE B AR A S R ME | Sk A AR | B R
A ZE B e 00 vl 2k A gl AT o T Y ) g
PR, LA K S iy 3R | 3R IR BT | A TR R A A Il R
FFIE,
2.4 HE &M SHIV KU-1 B3t E 185 EH
M B fRIE g 2

HE Y& €0 5 7R, {5 X BE B pob 20 200 it HE 51) 5 %
Y MR, sl 6, 4l 2 BB i RDE 5
HEIW AR UK, 0 A R IR sl (R | 3 (53
SR IE S Z I BEEARZ (B 2A.2C) , 10
SHIV KU-1 JEG b il 20 21 3 30 0 303 vs G 1A e
IR, B2 R L 22 4% 15 200 i AT B A A2 41 i 1 3R
£, BRYUEEIT Ky 2w 2 on e Bk g HES G
T AR T 2 TR0 GG o 184 A 56 s 3L AR 5 B TR A b
Zouh g S =, M IARGE /N, MR g miR, Je
CRAARYR /D 5 Pt 22 48 b % 5 5 0 ) 2 0 ik R Wi
(E2B.2D),

T A ABRBENT BE B . AR IR (4 HIV-1 B C ARG (4 HIV-1 B3
B 1 HIV Y E R G# 2 MRI RG24

Note. A, Healthy control. B, HIV without cognitive impairment. C, HIV-associated cognitive impairment.

Figure 1 MRI findings of temporal cortex in HIV-infected patients

B2 IEWMEHM RS SHIV KU-1 GRS =2 (HE B )
Figure 2 Pathological changes in cerebral temporal lobe of SHIV KU-1-infected-rhesus macaque ( HE staining)
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2.5 IHC #NEHEALRAMEZ A IMPDH2 £ H
xRi&

THC #6025 5 @ 755 . IMPDH2 £ I 76380 i 2H 21
P2 TErR R, 4 K A3 3 3K 76 HE BT R fL AR, /D
IYFGRTE M AL, 5 OIE M K2 (0. 1864 +
0. 0068) #H k., IMPDH2 £ [17F SHIV KU-1 JBGL A8
-2 210 2258 (0. 1447+0. 0066 ) 52 B g R K 5
(P=0.0061) (K 3),

2.6 Western blot #2ill IMPDH2 & H &%
55 TF i 20 20 IMPDH2 (1. 118 £0. 04922)
b, SHIV KU-1 By pesiim- 24 219 IMPDH2 (0. 6225
+0. 101931) ik i EFHIK (P<0. 0001 ) (& 4)
2.7 IMPDH2 ZEfHA LA FHXEE S5 FRIFN
T A RHAF ST IMPDH2 78 2H 21 b S ik 5%
KA AT REAIL M, TR AT A AE £ A B T2 X IMPDH2
FER CRF 5 kAT T T, &5 4R OR

WA E M 2 B SHIV KU-1 YR B2 2 C. s b Ye (08 )% . SEEREXHBAAH L, ™ P<0.01,
B3 il IMPDH2 & [ 7E SHIV KU-1 Ry fE Bt iz E M & i Rk

Note. A, Temporal cortex of healthy monkey. B, Temporal cortex of SHIV KU-1-infected monkey. C, Bar chart of THC staining intensity

of IMPDH2 for neurons. Compared with the healthy control group, ™ P<0. 01.

Figure 3 Immunohistochemical staining against IMPDH2 of SHIV KU-1-infected rhesus macaque temporal cortex neurons

12 A SHIV KU-1 RSB 5 15 % B R I 20 21 () IMPDH2 2%3% ,GAPDH /2 ; B, IMPDH2/GAPDH AHX K BE (R , 55 il B %oF BEZH AH L,

" P<0. 001,

4 SHIV KU-1 &Gl R Rl 12U ) IMPDH2 23k
Note. A, IMPDH2 expression in the cerebral temporal lobe of SHIV KU-1-infected monkey and healthy monkey, and GAPDH was the protein loading

control. B, Relative densitometric bar graphs of ratio IMPDH2/GAPDH, compared with the healthy control group, *** P<0. 001.
Figure 4 IMPDH2 expression in the cerebral temporal lobe of SHIV KU-1-infected rhesus macaque

B 5 il IMPDH2 e LU P I SCBE 5 0 1
Figure 5 Prediction of key signaling molecules of IMPDH2 in brain
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HNRNPA1 ( heterogeneous nuclear ribonucleoprotein
Al) MMGTI1 ( membrane magnesium transporter 1) |
MRS2 ( magnesium transporter MRS2 homolog) .SNX6
(sorting nexin-6) , CTPS1 ( CTP synthase 1) ,NCBP1
( nuclear cap-binding protein subunit 1), EIF4A3
( eukaryotic initiation factor 4A-III ) F1 DDX39B
('spliceosome RNA helicase DDX39B ) 4 %t [ 7£
IMPDH2 35 AR G2 i f AR T

3 itig

24 2 HIV YL JCIHR HIV A DGR ST
BE R WL R R R R IR E
SH M MRT FBUF ST T HIV YL K4 2 X
Sl i 2% B A AR AR SC MRT 25 R k4G
— 50, B A TR YL R S R R Y TE R I 25 4
HIV JEYL 5 1 28 R A e AR B i ] A
B 258 5 B S5 R AR Ll STV/SHIV Jk i
PR B P T ST 1 4 SR W s g e
Hoh 2 30005 B8 FRAEAE 5 HIV A G A 48 259 25 A
I, ASCH SHIV KU-1 J8R Y A5 7 95 9 1 300 2 B0
A R 28 R G e o TR, FLR I 7 2 X p 2250
AR 3 D ELHES TE e, AR ST 45 R o HIV
FR e A 28 38 8 5 b (w2 B AL AR 1 T 2K 1
%,

IMPDH Sz 1 I A% 1 A Sk A o g R ke i
IMPDH2 J& IMPDH ) EZ WA > —  HHR4K
S AR AR T BB TR TE B A 12 bR R W RLA T
WEAEBF T 26 B IMPDH2 78 1 R 25 45 I Jgd (40 ' 9
o e T2 e A5 ) Hhod BE 3R EUA R S IR b
7/ RS RA /i Ll = O < 71 | A e o
IMPDH2 1E A i 28 K1 95 FH A 22 DA R 38 i 1 i i
FEHBHR T AR SE"T ) ARBEIER H e 4l
A7 FIl Western blot 7 35 1IE 52, H [EH ] 5 SHIV
KU-1 #1283 38 s 15 R0 3 - e )22 #2850 vf IMPDH2
PR TR, $7R 5 HAND 14976 B ke A8 A PR AE IR ()
WA G, BBL, NG N IMPDH2 [ 3k 5 iF 2
— PRI B AA YT HAND [ ROR N

ETHEYER¥0M, ARG E B S
IMPDH2 £ F £7 75 B AE R Ay 2 8 4>, Hrh
HNRNPAT1 ( heterogeneous nuclear ribonucleoprotein
AL AR — MR AL) & —FMEZ TR E
F1, Il 25 S A% 2 8 1 B2 (KapB2) KT T
iEH . WFSY & B, HNRNPAL 3 5 £ fdf #h 25 0 1

RNA fC i Z L, 5 B A f 283R 17 M 5w &
AL B B C 4 R SR E D262 ( D262V/
D262N) b kA= 1 3 SR 28748 B hnRNP Al £F 41y
PR, 5 5 80k s v e g A RS R,
IMPDH2-NCBP1-HNRNPA1 i {# 0] GE1E HAND %%
BLI oy e 4 S22 AR £

S 30k
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FLF PI3K/Akt/mTOR 38 B4 17 H A8 B i X H9¢2
O LA AT S8 360 15 19 PR3P 4 A
Eu# R HERLELE L R ILE

(1. P48 & R 2 R~ e 2 R AR 7 8 T AR T o By BB 7120825
2. VYR PR R 2 2 e DU 11 3 DX BB it A AL -5+ BT B S B B 712082)

(] B R HARE (nardosinone , Nar) il i3 J84% PI3K/Akt/mTOR 38 f% XK 4175 5 HOc2 /O JULZH il
PR MG, Ak SRHISALAS (CoCly ) il #5 0 WL AN At AR S 32 475 45 AU | CCK-8 30 771 50 K M) 400 it 3% 44
Hoechst 33342 A7 4GS (0, O T AR WA SR AR T B0 4% 5 I 4% 25 B T80 Nar 897 THD AHC(5 538
% ; Western blot Kl AT~ A KA PI3K/Akt/mTOR i JAHI S H KL, R PI3K/Akt/mTOR i B J2& Nar JAJ7
THD i (5 S % 2 —; 5 XA L, CoCl, (400 wmol/L) ZH 40 1 Pk RAR , 40 M A% ik 3 22 J T- 25 1 Cleaved-
Caspase-3 815 THE \Bel-2/Bax FUFEAE , PI3K Akt Fll mTOR B2 1L K - FAE ; P62 F3h AR, LC3TL/LC3T FL I Beclin-
1 FiETHE (P<0.05), 5 CoCl, ZHH, Nar( 50 pmol/L) il b B G 3 38 Jin 1 20 e 1% 1k sk /0 40 A R T e, R AIG
Cleaved-Caspase-3 335, 7HE Bel-2/Bax [L{E, #1T PI3K Akt Fl mTOR B ALK - K P62 FEik , AR LC3IT/LC3I
Ho I Beclin-1 2635 ( P<0. 05) . PI3K 4% SMMHI ] LY294002 TAE FHEHEW T Nar 4 CoCl, BIE ML I T PI3K/
Akt/mTOR 3 AR SC R (AT P62 28 AR, {H A8 #IKTE T LC3TL/LC3T LL A Beclin-1 Rk AR, 4518 Nar 4
T PI3K/Akt/mTOR 8 ] T CoCl, Y5519 HOc2 Lo WIANAARE A T, {H AT A 23 AR AR 8 A T 3k B 1 e xef 40
i3 B B A

[SEBR]  HAAHTER ;O LA ; R4 05 5 0 T 5 A W& PI3K/ Akt/mTOR 38 4%
[FES2%ES] R-33 [ XkFRiZFE] A [XEHS) 1671-7856 (2023) 07-0041-07

Protective effect of nardosinone on hypoxic injury of H9¢2 cardiomyocytes
mediated through the PI3K/Akt/mTOR pathway

LI Hongyan'** , MEI Xianyun', YANG Huiya', LI Yikang', FENG Pei', SUN Fangyun'’
(1. Engineering Research Center of Tibetan Medicine Detection Technology, Ministry of Education, School of Medicine,
Xizang Minzu University, Xianyang 712082, China. 2. Key Laboratory for Molecular Genetic Mechanisms and Intervention
Research on High Altitude Disease of Tibet Autonomous Region, School of Medicine, Xizang Minzu University, Xianyang 712082)

[ Abstract] Objective  To investigate the effect and mechanism of Nardosinone ( Nar) in hypoxia-induced
apoptosis of H9¢2 cardiomyocytes meditated through the PI3K/Akt/mTOR pathway. Methods Cobalt chloride ( CoCl, )
was used to establish a hypoxic injury model in H9¢2 cardiomyocytes. Cell proliferation was assessed by CCK-8 assays.
Hoechst 33342 was applied to counterstain cells, and laser scanning confocal microscopy was used to observe apoptosis.
The potential signaling pathway of Nar in treating IHD was predicted by network pharmacology. Western blot was used to
detect expression of apoptosis-, autophagy-, and PI3K/Akt/mTOR pathway-related proteins. Results The PI3K/Akt/

[ EE&TH 12022 4 P R K 2F RS H (22MDYO012) 5 P4 5 = JFAH 56 390 43 F ML -5 BURF 93 3 4 S0 56 22 HF 00 B (KF2022001) ;
2021 4EE K R Z & S E AU U5 H (21076) 5 P55 R K 205 s 5HF92 5 H (2021475)
[1EE BN ] ZL0H(1978—) , RIZUZ , DFTAE U 5T D5 18]« AR SE%F O M 4 52 ) S 92 T 9T, E-mail : Thy516@ 163. com
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mTOR pathway is major signaling pathway in Nar treatment of THD. Compared with the control group, CoCl,(400 pmol/L)

decreased cell proliferation, the Bcl-2/Bax ratio, PI3K, Akt and mTOR protein phosphorylation levels, and P62 protein

expression, while increasing nuclear apoptotic fragmentation, the LC3IL/LC3I ratio, and Cleaved-Caspase-3 and Beclin-1

protein expression (P<0.05). Compared with the CoCl, group, Nar (50 pmol/L) pretreatment significantly increased cell

proliferation, alleviated nuclear apoptotic fragmentation, decreased Cleaved-Caspase-3 protein expression, increased the

Bcl-2/Bax ratio, and increased PI3K, Akt and mTOR phosphorylation levels and P62 protein expression. The LC3I1/LC31

ratio and the Beclin-1 protein expression were also decreased (P <0.05).

Pretreatment with PI3K specific inhibitor

LY294002 offset the effects of Nar on CoCl,-induced apoptosis, PI3K/Akt/mTOR pathway-related proteins, and P62

protein expression, but had no effect on the LC3I1/LC3I ratio or Beclin-1 expression. Conclusions Nar inhibited CoCl, -

induced H9¢2 cardiomyocyte apoptosis by activating the PI3K/Akt/mTOR pathway, but probably alleviated the damage

caused by excessive autophagy in cells through other pathways.

[ Keywords]

nardosinone ; cardiomyocytes; hypoxic injury; apoptosis; autophagy; PI3K/Akt/mTOR pathway
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B 1L PE O E R (ischemic heart disease, THD) J2&
TS E OO TR ) 3 A I R AR
BRI O NUESE O ) i FLO DI REA 2255, BF
R, JC‘Hﬂﬁ%ﬁﬁiﬂﬂﬁﬁfﬁﬁéﬂiﬂﬁ S R T EUR
E, NI SOOI RERE A o Wi G2 40 i P — i
mE%#E@Vﬁ’%ﬁ?&,&mK [F) 2% AT 189 40 B A
WEBBET M — I 60 7E THD &Rt B &
FEAEM . BT, HD IRI7 AR 26T Pl
/NSRS I FAREETT L, b P 257697 THD Ok
GEIUN PN

HANFTER ( nardosinone, Nar) & 25 H A A
0 S E 7 RIRY S N D SN R I L
2 B  HURE R NI AR AE MR X R AR AR
FYS FE O AR Th A SR TR E
BARPLGI G ATERE 26 25 B~ 0 — b DR A 3K
RO 245 )55 HE s RN AR DG AR ol B 7 vk . Rt
AHFFE 1 S A R 45 25 B 2E B0 Nar 3597 THD A
AT 530 %, 25 R KW, PI3K/Akt/mTOR J2& Nar j
J7 THD JCHEIE 2 —, © 1, PI3K/Akt/mTOR
BRI 20 MR B R TR A A B g b 4
TR O T O LR it A8 425
A R T HK, B CoCl, 35 S H9e2
O JL 20 ARG 445 45 S B AL, T PISK/ Akt/mTOR

T B R Nar X0 JILAE L8 1252 00 Je 55 A3 W 9 56
F, LA THD JR 5748 5 25 W i e 42 HE A aRs

1 #efnrE

1.1 #Zapm

H9c2 (U LA A 2R W 1 rb R B b v 48 P
L2 FEKFSME

DMEM £5 3235 (585 SH30022. 01) Al 58 %

B (525 SV30010) I H Hyclone /A il ; H“ﬁFIﬂl
IH (525 04-001-1ACS) 1 H Biological Industries 2.
) A4S (CoCl,, 585 232696) ) [ Sigma; WVA%‘J?
i ( 5245 23720-80-1) W4 A BUARKEAR LAl AE Y HR A
AT 5 LY294002 ( £5%5 S1105) 1 [ Selleckchem 23
A3 BCA & € =i f & (575 JC-PD002) It H 7
iR YR A BR A R PVDEF IR (1R 5
IPVH00010) I [ Millipore 23 7 ; RIPA 24 ( 555
PO013B) il PMSF( 575 ST505) ) H 24 = KA ¥+
ARAH R TR Cleaved-Caspase-3 (ab214430) |
Bax(ab32503) .Bcl-2(ab182858) | B-actin(ah8226)
mTOR ( ab134903 ) . p-mTOR ( ab109268 ) . Akt
(ab8805) . p-Akt ( ab38449) . p-PI3K ( ab278545) .
LC3B ( ab192890 ) | Beclin-1 ( ab207612) I P62
(ab109012) 4 [ Abcam /A ] ; PI3K (20584-1-AP) It
H B =AY AR RA R i B R+
Y TREARAH,

CO, GFRAE AWK VIR ASCRIR IR ¥ R 5

B 0 #L ( Thermo Fisher) s 3 0% 3L 2 £ B fil 5
(Leica) ; & 1 HELUKAS | 2 1 7% FEEASORN 28 11 38 10 AR
£ % (Bio-Rad) ,
1.3 SLIEH%E
1.3.1  CCK-8 yAE il 2 i i v

1 HOc2 0L L A5 L % 100 wl. DMEM 58 42 8%

FREE, B R 2x 107 /FLE R B 96 LK FE AR P,
37°C 5% CO, $:3% 48 h, 4r %L 0.50,100,200,
400,800 F1 1000 wmol/L #& & CoCl, (% T M 7& 7K
o) AN 24 h( AL 6 DNEFL) R E CCK-8
7] G DU A0 RS PR BEEE CoCl, > %k BUaE vk B
(LDy, ) #4) 41 AR U3 A B Y, TR B, SR T 04
Nar X CoCl, 155 4 L 1 P 451073 5% e, S 450 24 h

ﬂﬁ&&"ﬁ

=
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Jii, PR B 43 ) A 0.25,50, 75,100, 125, 150
wmol/L Y Nar (¥ fi#££ DMSO ) 5% 1/1000 DMSO
% 5% 24 h, L CoCl, (LD, ) #KZE 15 35 24 h, HE ¥
CCK-8 271 A5 I 240 B 335 1k
1.3.2 Hoechst 33342 Jufa

Y ML B2 R T 24 FLARHEATIC Fr, 4 X R4
( Control 20 ) Nar £ ,CoCl, ZHHI Nar+CoCl, 2H 4 4,
24 h Ji, Nar+CoCl, 1/l A 50 pmol/L f#] Nar Fidh
L, HARA AU DMSO #h R SEAF, 24 h J&, CoCl,
ZH N Nar+CoCl, 275 A 400 wmol/L CoCl, #1T
T-1i, Control ZH FH XU ZE 7K #b J& AR AR B, 45 5 46 vh 4k
ZE153% 24 h, BEJG IR Hoechst 33342 i -Fefa,
WO AR 1 S NSRS
1.3.3  Nar A7 THD JE7EHE 5 A0 R 45240 #r

(1) Nar # £5 Fo0]
i 33 TCMSP ( https;//old. temsp-e. com/tcmsp.
php ).  SwissTargetPrediction ~ ( http://www.

swisstargetprediction. ch/) ., PharmMapper ( http;//
www. lilab-ecust. cn/pharmmapper/ ) #1 BATMANTCM
(http://bionet. ncpsb. org. en/batman-tem/ ) FUHE 4
P “Nardosinone” i JE TR Tl Il Nar /EH#E A,

(2) THD #8 e5 f Fni)

i 11 Genecards ( https ://www. genecards. org/) |
PharmKB ( https://www. pharmgkb. org/) . OMIM
(https://omim. org/) , TTD ( http://db. idrblab. net/
ttd/) F1 Drugbank ( https://go. drugbank. com/) £t ¥
FE, L) “Ischemic Heart Disease” /88 1] T < g #0
A K Nar #00 5 F0 THD #0005 43 ) 2% £ Homo
Sapiens” ¥ F, F| H UniProt ( https://www. uniprot.
org/ ) B8 2 #E 1T ID Mapping, 4t — ¥4 N Gene
symbol, LA Venny 2. 1 (https://bioinfogp. cnb. csic.
es/tools/venny/index. html ) {42 1] Nar 1 THD #
AR

(3) Nar J4J7 THD 15518 0 #Hr

i 1 Metascape ( https ://metascape. org/) (i
VEXT 38 4 88 gL AT KEGG & 80 T, 76t A A5
(http://www. bioinformatics. com. Cn/) P KEGG
T A R IR
1.3.4 Western blot Kiilll £ FH ik

Y 434 : Control 2H  Nar 4 . CoCl, ZH FI Nar+
CoCl, #H 5 Control 4, CoCl, #1 . Nar + CoCl, 4.
LY294002+CoCl, ZH#1 1.Y294002+Nar+CoCl, 41, LA
RIPA i i 42 U5 4 40 i 36 1, BCA 33

WREE . I e 22 b K el A8 W R AT AR AR R Bl
JEEFT SDS-PAGE HLJK 5% 1, 5% I Ag WA £ 1] 2
h, TBST 28 wh % YE B 3 ¥k, 4K 10 min, — 1
Cleaved-Caspase-3, Bax, Bcl-2, B-actin, mTOR | p-
mTOR . Akt . p-Akt . p-PI3K . PI3K . LC3B . Beclin-1 I
P62 43 ] 4°CWF T 1, TBST 25 whig e i, 75 1 [
b ZHEIRET2h, BR5CRHBEEBUE RS
HFHEEAZ, i Image Lab B4 X K B {H # 17
3T
1.4 SitEFE

PA GraphPad Prism 8. 0 #K{FVER 2 508 DA
SRR RS (x2s) Fon . o KB ] T P TA] LE
BORNR T 20 T 248 e, LL P<0.05
RZEFAG RS,

2 #R

2.1 Nar 30O L4 R{R SR IR 0E

FAARTRAE CoCl, AbBE HOc2 4 24 h, AHAETE
PR 5 B KA R R (18] 1A, P<0.01) , 3% CoCl,
(400 wmol/L) (fiff 20 L 5 1 % 2 60% Z2 47 ) YE N G
SEANMUR AR ] . i8] 1B AT UL, Nar 2242
FEAE 0~75 pmol/L Z[] (P<0.01) . 4o LA [R] #e
B Nar TALEE 24 h, DA CoCl, 4R2EHE % 24 h, 45
BI,50 pmol/L Fl 75 pmol/L ¥ Nar f] & 35 ok 3%
CoCl, X240 M % P (5w (18] 1C, P<0.01) {H 3%
FE AR, H% Nar(50 wmol/L) HEATJRSEHF5T .

N T HE— T fi# Nar % CoCl, i 45145 (19 5%
Wil , Hoechst 33342 A 4% (5 % BE (& 1D) < % HEZH il
Nar ZH 40050 B 1L, S 06 B8 sk B, 8 752 a4
/b M CoCly, ZHAMRIA T 50088 i, Yo £ S vk 4 , 4%
WA, RNy 5E 3 £, Nar TAE 400
BIE A B oGE ST 80E />, Western blot 45 52
T, 5 XA A L, CoCl, AU T2 H Cleaved-
Caspase-3 FihTHE , Bel-2/Bax LA, 17 Nar il 4b
B W T CoCl, 5519 Cleaved-Caspase-3 ik
FhEFl Bel-2/Bax HCFEAR, 2B, Nar X} CoCl, 35
FI AR T M EIVER
2.2 Nar 5 IHD BEESESERESHN

i@ 7k TCMSP | SwissTargetPrediction , PharmMapper
F1 BATMANTCM £UC4I8 3145 Nar AHOCHE A5, #4525 R
3, FIH UniProt #E174% 2086 0 | Br 2459 3] Nar A
JeHE H 300 1 (] 2) . FE Genecards, PharmKB |
OMIM ,TTD il Drugbank %4 = i & tH THD A G
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A~ C . CCK-8 Fill 40 14 5 D : Hoechst 33342 YA AN M IH T- M4 E ~ G : Western blot &5 J8 T-41 5 & 11 Cleaved-Caspase-3 ., Bel-2 I
Bax ik, SXHBAAIL, ¥ P<0.05, " P<0.01;5 CoCl, AL, *P<0.01,

B 1 Nar X HOc2 2L L4045 15 19 52 M)
Note. A~C, Cell viability was detected by CCK-8. D, Hoechst 33342 staining was used to detect apoptosis. E~G, Western blot was used to detect
the expression of apoptosis-related proteins Cleaved-Caspase-3, Bel-2 and Bax. Compared with Control group, * P<0.05, ™ P<0.01. Compared with
CoCl, group, *P<0.01.

Figure 1 Effect of Nar on hypoxic injury in H9¢2 cardiomyocytes

2 Nar {7 HD BOTEAERL R {55 1l 0 A
Figure 2 Signaling pathway analysis of potential targets of Nar treating for IHD
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34928 4>, Nar 5 IHD ZZARHEAA 202 4> (1A
2A), i 3 Metascape %4 i Xf 22 4 ¥ o5 i A7
KEGG &0, L3045 207 545 5 %, LA
15 M2 HE 2 10T {5 5 38 % KEGG & 5 <t 1A
(& 2B), Hi 1 PI3K/Akt/mTOR & % f& Nar 697
THD HHELJ T A S %
2.3 Nar MO ALAEBEKERG S PI3BK/Akt/
mTOR @R XFR

AT BAIF Nar 397 IHD 5 PI3K/Akt/mTOR i
B0 ZR, A 0B K P b A I 23 A O B R
ik, AERWE 3, 5X R, CoCl, ff PI3K Akt Al
mTOR 2 1k 7K °F 1 25 B& AR, Nar BU4E R3S 1
PI3K Akt Fll mTOR 2 1k K-, 1 LA PI3K 41741 551
LY294002 BH K PI3K/ Akt 3 % J5 , Nar 1 ] i & #
R . S5 R, Nar 8  #0% PI3K/Akt/mTOR {5

53 A CoCl, 75 4 AR AR 51 73
2.4 Nar i#id PI3K/Akt/mTOR i 2% 21K &5
SHMRAT

J T i —AREE Nar 760 WLAN AR AR T 1)
EH S PI3K/Aky/mTOR i % /) 5& & , LA 1.Y294002
RH T PI3K/Akt 3 %, & W 98 17 & [ Cleaved-
Caspase-3 ,Bcl-2 Fll Bax &3k, 455, 1LY294002 FiifE
FHAKIH 1 Nar Xf CoCl, 5|#2#Y Cleaved-Caspase-3 3
AT E A1 Bel-2/Bax tt%f&ﬁggﬁuﬁ( Kl 4), gERE
B, Nar 305 PI3K/Akt/mTOR 38 F&4 410 UL 40 e ARG

AT,
2.5 Nar @31 PI3K/Akt/mTOR & B& 2% 7 28 f X
SR 5EEHXER

REAETFE R B Nar X} CoCl, 175500 WILAH it
FUA IR . SR 5, % T WA Nar

I SXHBIMIEE, ™ P<0.01;5 CoCl, AAHE, #P<0.01;5 Nar+CoCl, ZHAHH, ~P<0.01,
B 3 Nar % PI3K/Akt/mTOR {5 53 i (14 5 i)
Note. Compared with Control group, ** P<0.01. Compared with CoCl, group, *P<0.01. Compared with Nar+CoCl, group, ~P<0. 0l.
Figure 3 Effects of Nar on the PI3K/Akt/ mTOR signalling pathway

T SXHHRAAMLL, ™ P<0.01;15 CoCl, HAMLL, *P<0.01;15 Nar+CoCl, ZHAH L, ~P<0.01,
Bl 4 Nar X CoCl, ¥ T HOc2 4N JH T-AH G B [ 35 (1K R

Note. Compared with Control group, ** P<0.01. Compared with CoCl, group, *P<0.01. Compared with Nar+CoCl, group, ~P<0. 01.

Figure 4 Effects of Nar on apoptosis-related proteins in H9¢2 cells induced by CoCl,
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TE G XRAHIEL, ™ P<0.01;5 CoCl, 0L, ™ P<0.01;5 Nar+CoCl, ZAHEL, ~P<0.01,
Bl 5 Nar X} CoCl, Y55 F H9c2 I [ WA SCTE 1 3k A2

Note. Compared with Control group, ** P<0.01. Compared with CoCl, group, *P<0.01. Compared with Nar+CoCl, group, ~P<0.01.

Figure 5 Effects of Nar on autophagy-related proteins in H9¢2 cells induced by CoCl,

XU LA ARG S 3 08 A R 52 0 - PIBK/ At/
mTOR 38 J& 1) 56 %, DL LY294002 FH KT PI3K/ Akt id
B K [ WA DGR 1 LC3B  Beclin-1 F1 P62 ik,
EXF B4 1L, CoCl, 41 LC3II/LC3I L Fl Beclin-1 &
F13¢35 3 TH 8, P62 Ik FEAIK, Nar T0/E H FEAIK
LC31I/LC31 L Fl Beclin-1 85 113835 , 3901 P62 35,
LY294002 F/EH BRI T Nar X CoCl, 51 P62
FIRREARA 2 | (HI& A 1% % LC31/LC3T L Al
Beclin-1 LK MM, B Nar Al #lI#i] CoCl, 51
(A B (HOAS & 52 4238 i PI3K/Akt/mTOR 38
S, EARMLRA T 2 — 2T

3 itig

IHD J 3B 4E B TL, AR 4 AR, 15
& HD fa s N RIRZ A48 w0 % R | e I ]
B2 I RO 3 B AR FIE Jp 251> CoCL, 2 H
FIESAL A MR A O b A 2 —, A5
KIL, CoCl, 3 H9c2 0> WLAH M AE K AW AZ A
PR P TR e, Nar FAL BRCGE: T 4 M A K 2D
JHT-IG: , 3R] Nar MHREB 50 T M T A
MIVER , SRR I A R —a

200 i R 0 g A IS, R AR A A PR AT R A
FE R L AEVE P 38 32 1 3, 2 4% P 441 i £
2 C BRI A 5T b, SO AL 08 T A R ORI T Ui
Caspase F GBI ") X EERE H K F 150
A RGO UL I 53497 P B Rty ARBRF g R IR B 1R
LA R T- & A Bax B, T T8 H Bel-2
T, Bel-2/Bax HFEAIK, Cleaved-Caspase-3 5 1 3%
IKTH i, Nar FALFRAT R T X SE 8 I R IAKF,

HE— 25 BB Nar 760 ILZR B AR S 30405 TR oA S dd o
EH,

h T 2550 BT Nar X0 WLAR BRAG S8 45 493 52 i)
AL , B R FH R 2% 25 BR300 Nar 3597 THD ()
(S S8 8%, 45 % 7R PI3K/Akt/mTOR 2 % i
FEEEKZ —, AV RM, BOE % BT
T O SR B840 A R T A s AR R,
AHIFGE S I ARSI B T 45 2 B AR 4518 4
R KA S 40P PI3K , Akt A1 mTOR i iz
UK 3 AR, Nar FIAL BRI 5% T X — 32 /2, 5
24 PI3K #I#17) LY294002 45 574 FH KT PI3K/ Akt i
B%J5 , Nar % PI3K Akt Fl mTOR W2 1k /K S i 5 il
AR AR B 0 e, 6 W Nar 3 33 3475 PI3K/ Akt/
mTOR {55 538 M 7O WAL A B, X 5 Qin
AU g g R — 3 LY294002 4 51 BH W PI3K/
Akt il % J5 HETE T Nar XK A &4 T Cleaved-
Caspase-3 Fi5F1 Bel-2/Bax HWAHAYFZ M, FHH, Nar
JEE LI PISK/ Akt/mTOR 38 3410 1% 4205 | A 4
Mg TR

F 2 A L ) — B A= A BIL L, 1 57 S BR A IR AT
B WU IR ZH RE 0 B 11 5T, I35 IR 52 400 440 L 25 RO B
L P SRR SE Y BRSO LR it S A
W, LA G i 39 Ak B %) 7 =X 0k 0 R AR 4 4
FHUOOT i ol R AR B o P s K
AT 5 & D T RE AT, G 2tg i i i O
FEAS 3 RO ) 3 b Tp [ WO B O Y AR ST
Hr, CoCl, ¥ T A W, 51 A [ WA ¢ & 1 LC3I/
LC3I LA Beclin-1 33k 57, P62 FRIKFFEAL, Nar il
Ab PR A T XS ER (IR A K-, TBH T PI3K/
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Akt 3 #% 5 HAEIHE T Nar %F CoCl, 512 H) P62 ik
FISEM , YA R X LC3I/LC3T H A Beclin-1 %35
FI52m . BLEH , Nar XF CoCl, 51 A A 1] fE 8 it
Hofth g £2 40 341 (%), 1 AN 238 5 PI3K/ Akt/mTOR
B, AR — T

Z5 b Nar X CoCl, 7550 WLAR MR SR B 45 4 I
PE L, 35T B0E PI3K/Akt/mTOR 38 8% 410 i i 7
SCHELR . TSR AETTRE S CoCl, 5 S 1 B 1 Wit
A 2K, Nar %fit B F g AHIE A B Nar P45 [ 1
) HARBLEIE ARG RE . 340, A58 (3G 1o 1A Hh 51
BRIOUE T 4 2B 25 | )5 S0 75 AT IR P 52 56
Bk,
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(LM X A Y EZG 58, M 5109902 FRIEBE BT A R A 7,
I HA ARG RN T b 5 5 5080 =, AR A QB 2T SR TR AR 0, M 510990)

[WE] BB 7 2,4-EEEE0R7 K MY Brown Norway ( BN) K BURERL P B 4 (atopic dermatitis, AD ) #
B PP IE LA 250 P R . 7iE BN REBAHLA A R AR b e/, 4331+ 1.3.7.9,
12,1416 19 .21 .23 F1 25 d XHEARYZ FOAD 58 52 R 41 BN K BRUBLH-IR AT 0. 5% 2,4- i A5 % (DNCB) % i, & H-
40 pL, Xf BERAAEAH RIS ) 45 T S5 A5 B R L ORI .t 50 5 W) A FE 3 AR () 45 T A FE S Rl 4B TR MG B, i 42 25
d G B X ESHS i Rt AT SR DA AR RN A 5 55 26 d JE BUH B b A5 R 38 B R ST AR B -
e (o R LI 0, IR E R S RINE gk i, 55R AR AR 9 R EEE PR, 12 d IR
HHLRIEREIR, 16~25 d 40T g BB 8% 26 d, R 4 B 5 B 38 i, TeE & 2 W B Th i, B2 20 5 3R e 4
B B N EL R J2 9 A IR B R 20 MR AR B S i T3 W)Y I B s Rk dE AR, 4518 DNCB 5%
BN KERE R HFE M AD FERER 38 F T 259 2530 E A .

[E8R]  FRRiER R BN KEL;2,4 ZAHIEE0R IR B R4
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Establishment and evaluation of a chronic atopic dermatitis model induced
by 2 ,4-dinitrochlorobenzene in Brown Norway rats

CHEN Wenpei'?, YANG Wei'”*, DAI Jinlong®, GUO Jianmin'?>"*
(1. Guangzhou Bay Area Institute of Biomedicine, Guangzhou 510990, China. 2. Guangdong Lewwin Pharmaceutical
Research Institute Co. , Ltd. , Guangdong Provincial Key Laboratory of Drug Non-Clinical Evaluation and Research,

Guangdong Engineering Research Center for Innovative Drug Evaluation and Research, Guangzhou 510990)

[ Abstract]  Objective To establish and evaluate a chronic model of atopic dermatitis ( AD) induced by 2,4-
dinitrochlorobenzene ( DNCB) in Brown Norway rats. Methods Brown Norway rats were randomly divided into negative,
model, and tacrolimus groups. The ear skin of rats in model and tacrolimus groups were challenged by 0. 5% DNCB at days
1,3,7,9, 12, 14, 16, 19, 21, 23 and 25. Rats in the control group were administered a substrate solution at the same

volume at the same time points. Rats in the tacrolimus group were transdermally administered tacrolimus ointment for 25

[(EETH] A4 25 A0 R IE 4 0F 58 4 b 5 5 5256 25 (2018B030323024 ) ; 17 7R 45 B 5 S BT & 11 %) « 9 25 B 7 3 05 & 30
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consecutive days. The inflammation score of ear skin and the thickness of ear tissue were evaluated. Ear tissues were

collected and weighted after 26 days of modeling. Histopathological examination and toluidine blue staining of ear tissue

were also performed. The IgE level in ear tissue was detected. Results The ear thickness in model rats was significantly

increased after 9 days of challenge by DNCB, while whereas inflammation score was remarkedly improved after 12 days and

reached a peak at 16~25 days. The weight of ear tissue and the IgE level in the ear were increased at day 26 of challenge.

Pathological changes, such as epidermal thickening, inflammatory cell infiltration, and mast cell infiltration, occurred in

the model group. Tacrolimus significantly reversed these changes. Conclusions Brown Norway rats challenged by DNCB

develop stable AD-like symptoms, which are appropriate for pharmacological evaluation.

[ Keywords)

atopic dermatitis; Brown Norway rat; 2,4-dinitrochlorobenzene ; Igk; mast cell
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RN B2 R (atopic dermatitis, AD) f&2—Ff H &
G R AH O 048 1 o P AR RE 1 B IR, T A BB
AR DN R T2 2 S Tich N1 7] N A
AD TER A B9 5N 10% , 1 7E A& 15 Hi X L 1)
RO RIS 1K 20% 27 5 1 2 AU LA L 0 R R K
23R J Ry A AR N T | o BT R
S HETAD M IR A TFBL GRS 2 R
AL TR S R P o R A+ 7 B 4 B
GEIRIT 2, LA KU AE R 0T 24 45 X E eI g
FHZGD AR K, Janus 38 A0 1 700 9% R 15K G 0
TR -4 B0 AP R AR T T
AR SRR AD F AL A 55 FN 25 9 245 55007
W) R, H FHR AD Sha R 1 3 R /N R
B (AN 2R 4 FAER/NEL) | B & /D BRUBERL (i
Ne/Nga /L) CEHUE (ONVE 8 H .2, 4 - A5 5Lk
K2, 4 - ZhH E & P (2, 4-dinitrochlorobenzene ,
DNCB) %) i & B9 /N BB B Brown Norway
(BN) REUCIT A2 £ KR, BA BRSO, 4
RH W T o | T A G R 5T
IO FH K BB Y 25 82 28 Bz 1500 Bt B R 25 3R L 7
REGMERYE BT LT/ AR EL, ARBFSELL BN
KERBFFENT S, @57 DNCB 4 1 AD FERI XA
R AE A | PR F B AR S5 R AT R I, I ok
FAt 5 SR BRI 35 M, O AD IRYT 24
YT KA G IS AL T A,

1 #RTE

1.1 W

SPF 2% BN KUt 20 H M, 8 ~ 10 i, 1k
130~ 160 g, W4 B Jb 0 2 0 A2 256 sh P H AR A
FRZSA] [ SCXK( 51)2021-0011 ], SEEGFRET J ) A3k
R 25 0t 5% B A PR 2> ] BF 5 1 55 3 ) B [ SYXK
(#)2022-0146 ], 3h¥ A HEEE KK, 3 B 56

BEEL AR R 20~26°C  AHXHREE 40% ~70% , /]
BT 15 times/h, 12 h/12 h G R/ B RSB, A
RISt 2 ) AR 3 SR s 2 Wi 5 e A PR 28 ) S
B sh Py 1 BT 5T 2 51 23 ¥ A58 5 (1A-PD2021010-
01) , RS ENYEHIR 3R JEI 45T NE M,
1.2 FERAFSMHF

0. 1%th 7 5< F) #CF ( Astellas Pharma Inc. {5
057040) ;2,4 — —fi 3 57K (DNCB, P4 Ak~ B} 44
(IIZR) A BRA | 4it5 WI6J6) ;s N (T PN 4k 27 ik
A 2021020109 ) 5 BRI (RS 35 (R E)
AR H#S 2021B220191212) 5 FF ke CIRIITH
i ik A8 A an B A R A A it 5 21022101) 5 IgE
ELISA i 57l & ( Reagent Genie Ireland Ltd. , fit &
R1074G064 ) ; N4 54 (03 ( H AR i 25 ) (bt
TIRAYIBAA R AL 5 0607A21)

HL RV (FE 2 A B2 A0 (dba) ARRA
) S BRI AN (=R A (R ARRA )
VMR #YJFR AL ( Midmark Corporation ) ; b7 43 B4
(BioTek Instruments, Inc.); ZE ¥ & 1k %% ( Leica
Biosystems) ,,
1.3 EWHE
13,1 rd S5

4 BN KBRS FEHLI R 3 41, 435 ok X i
4 BRI TSR], XTIRE 4 B Sh ) B ZH
il e s ml2H 8 i 3hH, 7342 KiCh DO, AR
HFM e S W 4 2 %) T D1,D3 D7 ,D9 D12 D14
D16 .D19 D21, D23 F1 D25, A H-#1 5] ¥ 3 0. 5%
DNCB W (N BBE =3 : 1)40 pl; X IRZ15)
Wy U285 U R P4 I — RO I 79 40 L, 3 A 20
[F1) DR B AL AP 05 11 P
1.3.2 %472

U R IT i, WAl e S m L sh A B2
B VR A e SR O B 30 mg, BFR 1K, LS,
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2525 d, %4256 h Ja A KRR L2
Y, BREG DG 2 BREGHT, KRG v R
X HRZE] RS 7 2 BB EE | Ath 5 B2 R 41 22 B AN A
ULSLIN

1.3.3  HERAEFERITE

FRRIERZ) 6 h J5 , W 1 H R AT 98 5 i ARV
gy. WA T E/LE 25, R/ 2
7% KRR 255 PF g . B AE R VE A R EAN T .
TOIERTT 0 43 52 BE (I RAETE , 75 A7 A0 WL Ty
AIER)) I 4, o CRER AT S RIE B 3F 2 43, &
JECGRERAE R BB ) 11 3 40 I F o 4 Rk
W2 M, B ER 0~ 12 43,

1.3.4 B

B UGERRT BRI 6 h 5, TR B R
1.3.5 HEHEWE

RYGERR H X 3l 4 S5 it 5 e IR I fe
1 3 BRI 22 2R BE , 28 B BR 2 DU H 4558 40
b 5 55 F 2 A7 Bl LR A 29 8 mm WY R o, AT
FREE,

1.3.6 HZ! IeE %

R BB R, LA 9 R R Eh 22 vh AT 210K
2000 r/min FES.0> 10 min, B EVE R . DA GBS 55
W RFHZ DN AE gk 5,

1.3.7 HAAZURHE A

BUER A BB 4 4UVE T 10% 48 /K Epkodh [
ZLH LK A WA V)RR R IR R R - AL
e o N R E Y 0 )5, Ol WA T SR B ik 4
SRS JEL G 20 AR T TR BE | 48 200 L RIS K 4 i 95
TS ek 2 o 3 e 2 i AR T R SO AT
FIE BT, A ULEE 3 2] 21 2 0l A w2l 21 25 4 S A
TEH B2, o A1 43 0 1B 2 B R L, S A i X
PR BREE KRR | 22 5t PR BUOHBCE 43 A 0y 4 45, 5K 2L 43
YidE IR 100 585 Rl W 1/3 ~ 1 S HLEF; v,
Yite 0409 5 £ S A7, kb | 22 kh v B 4y

A3 B0 , S B4 53 TR 100 588 R Al Ol 1~3 A4~
WRET ; BRE B A 7E 4L 20 o5 g X3, b 24
PEEECE 3 A A5 405 , 1 S 05V LA 100 %588 F
AL 3 AMETLL |
1.4 FitEHZE

B RV BB e hn i 22 (w5 ) Foom, X
JeoR F F-test HEATALIRI 7 2555 M40 M, J5 2555 IRl B
ZH ) LR Student-T K56, 2H (8] 77 22 AN 550 2R
FHRCIERY Student-T #5535 #4748 1140 H7, P<0.05
R EAGITHRE L,

2 #R

2.1 KREHREERNEZMIES

R 12 d 5, BB K B A B A B HA e ik
IR B | I A5 SR AR S R VT A
P2 (P<0.01) ,16 d /M {HIN BB, 2 25 d B4
FEER KT, WK 1, 4525 12 ~25 d, 541 A
b, Ath 5 5w 2H K B 25 2447 B HL BB 4 i R IR DY 0 (E
i F AR (P<0. 05 5 P<0.01) , AR 25 £ B H R
iSRS R W I FEAIK ( P<0. 05) .
2.2 KRREEEZTK

SR A L, B 1 d PG BRI sh 4= B
A H BTG 5 A 9~ 25 d, BEAYZH K Bl &2 B
FEE R (P<0.05 8 P<0.01), WL 2,
Y525 9~25 d, b e B w4 KBRS 24 4 3 SRR
AR TR 45 H-(P<0. 05) , A5 45 24 2 F- 4 JEE L
IR TR L 22 B ok,
2.3 XREEETWL

55X B A b, AR 4] R S22 B A B i
KUY WG (P<0.05) ; 5HEAVA AR L, Al 5 52 v 20
K& 2540 HE R BE /N (P<0.01) AR 25 72 H
RN E /N (P<0.05) , W#E 1,
2.4 KEBREHAGE TH

55X MR2H (58. 33+11. 49 ng/g ZHZ1) AL, B Al

&1 DNCBi%ET BN KEHEEAZ(n=8)
Table 1 Ear weight in rats induced by DNCB

415 MEHHERE (g)

Groups

Treated right ear weight

ERH A HE L (g)

Non-treated left ear weight

X B&ZH Control group
FERIZ] Model group

fth 75 %= 7] 2H Tacrolimus group

0.0275+0. 0027
0. 0350+0. 0063 *

0. 0261x0. 0018*

/
0. 0336+0. 0058 *

0. 0276+0. 0034*

. SR, P<0.05; SER4IMILL, *P<0.05, ¥P<0.01,

Note. Compared with control group, * P<0.05. Compared with model group, *P<0.05, *P<0.01.



P H A R 2R 2023 4E 7 A 33 455 7 ] Chin J Comp Med, July 2023, Vol. 33,No. 7 51

T A TERIS 25 REERE B KA HAHBSAET ) C o RRUZAHHARAET 73, SXRAAM L, * P<0.05, ™ P<0. 01 ; SR HAIL [F] 1 H-AH

e, #P<0.05, *#P<0.01,

Bl 1 DNCB Sk B4 SUE A (n=8)

Note. A, Ear image after 25 d after stimulation with DNCB. B, Inflammatory score of right ear in rats. C, Inflammatory score of left ear in rats.

Compared with control group, * P<0.05, ™ P<0.01. Compared with the same side of model group, *P<0.05, *P<0.01.

Figure 1 Inflammatory reaction of ear in rats induced by DNCB

HRBAH: IgE & # W RN (113, 07+64. 43 ng/g

HEL, P<0.05) 3 S5AEHI L A7 HAH L, Aih 58 52 /) 41 K

A 1gE & & B 898 /0 (49. 33£20.99 ng/g

4, P<0.05) ,

2.5 AREHEALREEYLE
HAVR B EE B UL 3 AR 2, X REAL B

JRAS TR LA 1 T 56 B | 32 B O IR | L B 2= L
ASRER AN (#7678 ) s BB A H-A1EU ik A
A BE Fl/ BN 4x BORL JZ 34 J5 | kIS 240 i 78 1 O
BE AR PN I P i B = DR B A A IR A
R 240 ) Y 352 1 5 Al e 5 ) 20 47 B B IR A5 TR Al 5
B KRB TOIR | H RN B R AR
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T AR B H ARG E I B KB A SURIEE . SxE AL, " P<0.05, ™ P<0.01; SHEBZAFRMEALL, *P<0.05,
B2 DNCBiEFAMHEHLHE(n=8)
Note. A, Increased thickness of right ear in rats. B, Increased thickness of left ear in rats. Compared with control group, * P<0.05, ™ P
<0.01. Compared with the same side of model group, *P<0. 05.
Figure 2 Increased thickness of ear in rats induced by DNCB

T2 REUHHR B Mo Bl b A

Table 2 Pathological changes of ear in rats

51 o AL P L KB BEJR A AR PESRBE SRANMLR HE 24 a3 1
Groups Lesion degree Epidermal thickening Basel cell necrosis Inflammatory cell infiltration Mast cell infiltration

- 8 8 8 0

e ES 0 0 0 8

LR 0 0 0 0
Control group

++ 0 0 0 0

+++ 0 0 0 0

- 0 0 0 0

i * 0 0 0 1

I + 4 1 2 7
Model group

++ 4 7 6 0

+++ 0 0 0 0

- 8 8 8 0

e 74 + 0 0 0 8

. =
e bl 0 0 0 0
Tacrolimus group
++ 0 0 0 0
+++ 0 0 0 0

TE = b b P RIFORIE R R R BRI

Note. —,+,+,++,+++ were represented as normal, slight, mild, moderate and sever degree, respectively.
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B3 KEHHALGURE 2B (HE Qe PRI g ()

Figure 3 Pathological changes of ears in rats ( HE staining, toluidine blue staining)
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miR-486-5p # [6] &5 PTEN f 12 PN IR 85 40 i
N LE WS AT R B )

FOE AR ERR  BEE, TR
(LINESE—ER MR N R ERRRIR, 3Fm 271199255/ 1148 — A4 R R 7B 35S 271100)

[HE] BB %I miR-486-5p X 75 NI (EC) 4T AR )47 4 B9 52w B X+ PTEN [ 8 [ 98795 7
i, A% qRT-PCR K EC LHLAFLH M miR-486-5p PTEN mRNA Fik7KE , 2041 EC 41415 miR-486-5p \PTEN
mRNA 3K 5 B35 IR RAFAE ARG . SN2 Bl i 2 5 I S2 B0 36 TIE miR-486-5p 5 PTEN B[R] 3E &, Ishikawa
LS4 NC £  NC inhibitor 21 . miR-486-5p inhibitor £ . miR-486-5p inhibitor +si-NC £H . miR-486-5p inhibitor + si-
PTEN #£H , Western blot %l 4| fifi - PTEN 25 4 K PI3K/AKT i #%AH 56 5 11 223K , CCK-8 A6 40 i 3% 7 |, 45 ¥4 IF )l 52
S0 G0 290 B4R 95 T B RE T, D 200 AL AR S Z4E R R T, RIJR RS S5 50 | Transwell SCEGRY I 240 ML (R 280875,
LR ECHL M miR-486-5p 321k, i PTEN mRNA {£5£35 (P<0.05), EC 2041 miR-486-5p . PTEN
mRNA Fik¥ 5 B MR /N e R | E bR =R (FIGO) 70 M ik L 45 56 45 56 (P<0.05) . & 5IE,
Ishikawa 4l miR-486-5p ] fg £ 4 ) 98 55 PTEN 323k, 5 NC 41 NC inhibitor 41 H. %%, miR-486-5p inhibitor 2
Ishikawa ZHfIY 48 h .72 h Z0AENE 1 RR AL A 3R K p-PI3K/PI3K  p-AKT/AKT HUEFEAL(P<0. 05) , £ 75 AUEL iF
R AN B FR 22 4N M B0 D (P<0. 05) , P T FTHE (P<0.05) ;55 miR-486-5p inhibitor £1 . miR-486-5p inhibitor+si-
NC 41 He%, miR-486-5p inhibitor+si-PTEN 41 Ishikawa 41/}l /1) 48 h .72 h 2015 J1 KR @5 % & p-PI3K/PI3K  p-
AKT/AKT LUEFHE (P<0. 05) , 6758 AU B A% 40 M EIORH R 22 40 M B0 I ( P<0. 05) , TR T2 FRAIN(P<0.05) . &5
W W miR-486-5p AT fEiE i G740 Y PTEN $%) PI3K/AKT 3 B35 1k, #EW 0 EC 40 i ss 1= Mg 22,
IS HM T,

[ K iA]  miR-486-5p; PTEN; PI3K/ AKT e ; W45 ; 12 148 5 1R 28 T8 P LS
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[ Abstract]  Objective To explore the influence of miR-486-5p on the malignant behavior of endometrial cancer
(EC) cells and its targeted regulation of PTEN. Methods The expression miR-486-5p and PTEN mRNA in EC tissues
and cells was detected by qRT-PCR. The correlation between miR-486-5p and PTEN mRNA expression in EC tissues and
the clinical characteristics of patients were analyzed. A dual luciferase reporter assay was performed to verify the
relationship between miR-486-5p and PTEN. Ishikawa cells were separated into NC, NC inhibitor, miR-486-5p inhibitor,
miR-486-5p inhibitor+si-NC, and miR-486-5p inhibitor+si-PTEN groups. Western blot was performed to detect expression
of PTEN and PI3K/AKT pathway-related proteins in cells. CCK-8 assays were performed to assess cell viability. Colony
formation assays were used to examine the ability of cells to form colonies. Flow cytometry was performed to assess
apoptosis, Scratch healing and transwell assays were applied to assess cell migration and invasion. Results The miR-486-
5p was highly expressed in EC tissues and cells, while PTEN mRNA was expressed at a low level (P<0.05). miR-486-5p
and PTEN mRNA expression in EC tissues was related to the tumor size, differentiation degree, International Federation of
Gynecology and Obstetrics stage, and lymph node metastasis ( P<0.05). miR-486-5p in Ishikawa cells might negatively
target and regulate PTEN expression. Compared with NC and NC inhibitor groups, cell viability at 48 and 72 h, scratch
healing rate, and ratios of p-PI3K/PI3K and p-AKT/AKT of Ishikawa cells in the miR-486-5p inhibitor group were
decreased (P<0.05), the number of colonies formed and the numbers of migrating and invasive cells were decreased ( P<
0.05) , and the apoptosis rate was increased (P<0.05). Compared with miR-486-5p inhibitor and miR-486-5p inhibitor+
si-NC groups, cell viability at 48 and 72 h, scratch healing rate, and ratios of p-PI3K/PI3K and p-AKT/AKT of Ishikawa
cells in the miR-486-5p inhibitor+si-PTEN group were increased (P<0.05), the number of colonies formed and the

numbers of migrating and invasive cells were increased (P<0.05), and the apoptosis rate was decreased (P<0.05).

Conclusions

Inhibition of miR-486-5p may suppress activation of the PI3K/AKT pathway by negatively targeting PTEN,

thereby inhibiting the proliferation, migration, and invasion of EC cells and inducing their apoptosis.

[ Keywords ] miR-486-5p;

endometrial cancer

PTEN; PI3K/AKT pathway;

proliferation; apoptosis; migration; invasion;
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F'B N BRJEE ( endometrial carcinoma, EC) J& 5z H
UL SRR R =2 — o P A T R TR 1Y
25% LA IR BRI ESA T, H 2R
B G E A  f A SR R L AR
5y EC B W kb BR 75 9, g A K
RO FEAHXS BN |5 AR AE AR T 3K T0% A AT, {H 2R
TR AR R B R H S B RN
HLVEPUBITRCRE AN PR 2= Rk R
58 EC 4 MdG 5 R R AR OC 3 R FE LI T - 48
B A3 F8E AR, XA OB T EC Rk g LTS B
—ESLHME, WEoEds, T e NREE EC 20 48T
LW 1) 85% , H. PTEN 2% 3% 2 H 32 32 0K 5l [
2B s BFSE R B EC 4140 PTEN 835,
H PTEN mRNA 1Y 3" dE4 5 X AT 5 miR-19 ¢ 54k
g4 R A 45 PI3K/AKT 3 B& 5200 EC 20 it 1) i
B AV B %50 R, PTEN mRNA
1) 37 eI X 5 miR-1297 ., miR-26b-5p .miR-486-5p
G2 miRNA fFFESS A0 8. HAF5E R, miR-
486-5p £ SR £ E 1Y LY Al 40 g 3 0t 3Rk
miR-486-5p Wi L ANH] PTEN 3& 15 FIT 508 8

PI3K/ AKT S I3 ey 25 A0 Ma s 7 B 7% AR 280
H miR-486-5p 7E EC H (A=W DI RE XXt PTEN 1y
LN I (A E N N R P A NI R T B BB 23
miR-486-5p Xt EC 4 fL %A= M) A7 Ry (052 i L K
PTEN Tt 2 i/ I, B 7€ B B miR-486-5p 7
EC HF B B AT RERY ML, TR EC & s LI
W98 S 540 a7 B R 0 R i

1 ##7E

1.1 e
111 #HEURA

W 2020 4F 10 A ~2021 4F 10 A FARVIGA
I7 (RAT Y AR FEATAEATIE XTI IE T ) 19 60 1]
EC B30 EC ZHZURX I (9 55 20 ZUbR AR (1 5 i
JENZ% >3 em) , BEFW 40 ~70 B, P ALAFE IS 53
4 T BB AR 34 28 955 BRAG A E 2, HbR A 4R
HAT B E SR N W, R A A 80 T IR —
ZERE K 27 B IR N R B5 B 5 2 A8 B 25 51 45 A L ofE
(IACUC-ZY-LL20210618) ., 734k AR HE T A EC
S PR B ERE, L AR =53 4 31 fi] <53 %
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29 ], IR K/ N=5 em 19 ] <5 cm 41 ], Jihigd &/
ty Ak 36 A% 43 4k 24 4], [ Br 4 e R I B
(international federation of gynecology and obstetrics,
FIGO) 4340 T ~ 1139 39 51 T ~ IV 3 21 1], 46 25 33
il kL 255685 19 ], B 3z B 20 B, 7Lk TR
7 (human papilloma virus, HPV) &% 39 i ,
1.1.2 4

NIEH T8 P L Bz 20 i (JE AR 4 i, XY -XB-
3191) X N\ EC 4fi il KLE ( XY-XB-2964 ) . Ishikawa
( XY-XB-2285) . HEC-1B ( XY-XB-1702 ) ., RL95-2
(XY-XB-3056) i F 35 [ ATCC 4 /FE, A\ EC 41
Jid JEC (WN-14957 ) A 5T [ s I A 40 4 it /2
L2 FEKFSME

miR-486-5p H ALY ( miR-486-5p mimic ) FIFFA
SR (NC mimic) . miR-486-5p 11 il ) ( miR-486-5p
inhibitor) F1 [ Xf #8 ( NC inhibitor) ,PTEN /N4
RNA (si-PTEN ) Fl [ 14 X B8 (si-NC) i b ifg 75 3 3
PR WA 5 % R — T B L o 2R Tl 75 5 PR T
Al KOtk e wE R IR & (YII20144. 1, [
— IO BR A F]) 5 cDNA 2 — 855 il & (C-
8020, I ¥ % Afi 55k A BR 2 7] ) 5 miSeript SYBR
Green PCR i # £ (218076, % [F QIAGEN A #]) ;
SYBR Green qPCR Master Mix ( HY-KO501A, & [
MCE A7) ; CCK-8 X 7] (CKO4, H A [/~ b2
F]) ; Annexin V-FITC/PT i T- K55 &5 ( WK304,
L5 BRI A R ) s Matrigel 5 FUEE (354234, 5%
Corning /A 7] ) ; 2 $T A PTEN (ab170941) | PI3K
(ab191606 ) | p-PI3K ( phospho Y607, ab182651 ) |
AKT ( ab179463 ) . p-AKT ( phospho S472 +S473 +
S474 ,ab192623) . GAPDH ( ab181602) #i {& } HRP
FRC 2B 1gG H&L(ab6721) ( PE[E Abcam 24
F]) ., qRT-PCR 1 ( CFX96 Touch) . fifi b1 1% ( 680)
(FE Bio-Rad 28 H)) ; ¥ B 8% (CX33, HA
Olympus 23 7)) 5 BEME LA 53 BT AL ( Tanon 3500, I i
KAENH])

1.3 SLIEHE
1.3.1 4ifiEssss

NIEH 5 P b Bz 40 i (JRAR i) e A EC
S KLE | Ishikawa . HEC-1B . RL95-2  JEC ¥ /i &
10% i 4 L3 ( FBS) FXLHL A DMEM 15 5% | b Je
BT 37°C 5% CO, KiFRAah %, FRed il & B i
| 809% A A7 HHH AL AR, I35 BT Bl AE K 10 1) 4 i
HFIR2e508
1.3.2  qRT-PCR £ I 2H ZUF 48 il v miR-486-5p
PTEN mRNA Fik/KF

TRIzol {55 HE B ZUbR A FI 41 g vf &L RNA , F
A3 HLal B R BE ARG S 2 B8 cDNA 25— A iR
EULKE RNA 7% 5% 8 ¢DNA, #2 F K LL cDNA
B, Bl qRT-PCR AR &, 3T qRT-PCR X I
HEATH 1 ARBAEA I H (Ct) . qRT-PCR [N 1A R
20 pL:cDNA 2 wL,10 pmol/L | RS 149 (453
5| ¥1% H Primer Premier 5. 0 #4-35%&11, Stk s R
I EE 18~25 bp H 1S = ¥ BE 100~ 300 bp iR
KIREE 60°C 2247 .GC ¥ 1 45% ~ 65% , ELAR P 51 I
T 1,0 BEEEHBZGHEAREGRAFEGM) & 1 L,
SYBR Green Mix 8 }LL,%% ddH,0 8 plL, P pE
JF:95°C A #E 5 min; 95°C 28 1 15 s, 60°C 1B k
30 5,40 ME, miR-486-5p L U6 H NS,
PTEN Uk GAPDH RIS 3L SR 2738 3k (Hovp
ACt= HRYEEH Ct H-HZSHEH Cr i, -AACt =X} Jif
ZH ACt S {H - & FE 5 ACH ) 355 miR-486-5p
PTEN mRNA FiA/KF-,
1.3.3  BUEOEER B S SR S50

W5 B F( TargetScanHuman #I1 starbase T4
K3 ) T miR-486-5p 5 PTEN mRNA 3’ AR fi X
BIVFESS A0 1, L9 5 B 4 25 4 R R A
A% PTEN 37 UTR J¥ 51 v Br iy B A= A (WT-
PTEN) F14 PTEN 3 UTR %748 A BE A8 (MUT-
PTEN) 2 %5 FE K ki, # WT-PTEN Fl MUT-PTEN
4 3 XKL 43 ) A1 miR-486-5p mimic 5{ NC

R 1 RT-PCR BT HZENIS 9751
Table 1 Gene primer sequence for qRT-PCR

SIFHI(5—3)

Primer sequence(5’ —3")

2 pA
Gene name
miR-486-5p F: TGTACTGAGCTGCCCCGAG
U6 F: CTCGCTTCGGCAGCACAT
PTEN F: ATTCCCAGTCAGAGGCGCTAT

GAPDH F: CCTGCCGTCTAGAAAAACCTG

R: CTCAACTGGTGTCGTGGAGTC
R: AACGCTTCACGAATTTGCGT

R: GAACTTGTCTTCCCGTCGTGT
R: AGTGGGTGTCGCTGTTGAAGT
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mimic FEFEYL Ishikawa 00, 754 24 h J5 , S5 K
Hu - B XU O 3R i A i PR TR b2 RO e i
Ao DN & i 3 7 A 150 B0 A 200 AR X 2 O 3R il
W,
1.3.4  4HH o2 55

Ishikawa ZH 8434 NC 20 NC inhibitor Z1 . miR-
486-5p inhibitor 2 . miR-486-5p inhibitor +si-NC £ |
miR-486-5p inhibitor+si-PTEN 2H ., H:h NC 2H 40 ifd
AN B 47 AT AT 4L B, NC inhibitor 4, miR-486-5p
inhibitor ZH 41 i f# F Lipofectamine™ 3000 %% 41z 5
FEAN L il A BE I8 70% LA L B %% % NC inhibitor 5¥
miR-486-5p inhibitor;miR-486-5p inhibitor+si-NC £H |
miR-486-5p inhibitor + si-PTEN #H 4 A fiff FH
3000 #% 4 3K F K miR-486-5p
inhibitor 5 si-NC 5% si-PTEN d: s HH K E 6
AL SR 48 h e WA AN, qRT-PCR A6l
M miR-486-5p PTEN mRNA ik 7K ( BAKKS:
ML BESIR 1.3.2) , Western blot #:1l 4f ift ' PTEN
HHRBIKF,
1.3.5 Western blot ¥ Il 48 i ' PTEN & 11 M
PI3K/AKT 3 [ AH G & 3Rk

W BEEE YL J5 19 45 41 Tshikawa 20 I, 45 0 240 Jifg 24
FFTR T UK 1 2407 30 min, B0 40 T R (B 40
HUEEE ) ,BCA o s R WK . f kil EAE 20
pg B AT SDS-PAGE HE LK , HL K 45 o e 5 2K
F%% % PVDF [ I, 5% B AR W54 28 35 14 90 min /5
A —¥t (%t A PTEN, PI3K ., p-PI3K , AKT, p-
AKT .GAPDH #ii4& 435k 1 : 2000, 1 : 10001 :
800.1 : 1000.1 : 10 000.1 : 10 000 Fii &) 4°C W H
1, PBS PRIk 3 YKJE IA 30 (HRP FRic B9 12
Pihe 1gG H&L, LA 1 ¢ 5000 4 #%) R IFE 60 min,
PBS it RO 6, B U B R
FHREEUR , 45 B A 45 JKBE{H, L GAPDH S
ZHEM,
1.3.6 CCK-8 20 i 1% 1

HEYL S B4 2H Ishikawa 40 H ] #5 5 2x10*/mL
AR, LLAESL 100 WL 73] 96 Lk, & T
37°C 5% CO, ¥iFAtih4rmiEd: 24 h 48 h 72 h &
FFLAIN 10 pL CCK-8 X7, FRak&Ei 9% 2 h, 37 &
3 PO EFLINA 150 wl DMSO %k, IF T4
PR AR 15 min, 555 5% H BEAR SO 72 #5 L 48
JIAE 450 nm PEASAE IR EBE (0D, ) 18, AL RIR
) IRTIDA NS

Lipofectamine ™

1.3.7  SEVETE RLSE S0 A6 41 L 48 75 TF

YL 5 145 41 Tshikawa 41 I 1 %5 B 400/ mL 2
OB, DAREFL 2 mL 2R 5] 6 FLAR P, # S 1G5 2
G, 2 BRI AR AT UL A 5 B A, ¢ 1k 4 5% R L
FE R VY O, 7 B T A AN i
AL =50 A PR E R SE TR BNAE TR TE BUER
1.3.8 i A B A A D 240 B o T A 10

I BEHL YL 5 19454 Ishikawa ZHJE, ] PBS &
Y25 A 5% 10*/mLL (2B, B 2 mL 40 i &
WA ZFM EP 5, B0 53 L LI, A
195 L Annexin V-FITC 254 ¥ #2401, BN
A5 pL Annexin V-FITC 1 10 pL PI 4 (%% 2 I ke
FEFE 10 min, FeJ5 T =4 LSO I A A PR 2%
1.3.9 MR AE SE S A 4 i T 72 e

FEOL IS 194540 Tshikawa 20 M5 FH JC L33 355 37 &
FR(2.5x10%/mL) J5 # 5] 6 FLAk (FFL 2 mL)
YA MRS IR B 85% LA LN, f FH IS Y 200
L A Sk T B TR A1) — B R, PBS PRI 3
Ul U L E R T FA IR (0 h RIJRSERE) |
RSB SE 48 h JE FUOW R A0 M S TR 10 411 R (48
h QIR FERE) M4 0 h 48 h RIJE S (Image J #i4:
W) I ER @A R (FR MR B N) , WE
WA (%)= (0 h WYRTEE-48 h YRS ) /0 h
YR T *x100%
1.3.10  Transwell SCHGIN A0 TS (2 78HE

FEOL IS 194540 Tshikawa 40 MO FH JC L3R 355 37 &
HE (5x10°/mL) J5 W in 200 pl 40 M & ik 2
Transwell [ % (4172868 J1 R B Transwell |22
PENTE A Matrigel J&) , %M 600 L % 10% FBS
By 58 5 LR T 2 1555 48 h J5HUL Transwell /)
%, PBS VRIA 1 5 I 5 08 5 T A0 g, PR R
0. 19%25 S8R Y 0 ) (7 FH 550 F00 % O 28 25 I 400 i 1)
OGN, FFBEDLERE 6 LRI T R A4, R
a2 2540 M A, 25 R BOCT- B{E , DA 3R 40 i i
MR ZERET .
1.4 FitEHZE

K IBM SPSS Statistics 25. 0 #4481 43 A
SHEE T RO A A R, DO+
P2 (axs) 7, 4LIR) 25 57 ELBOR o K38 (P 4
]) BAH 2577 2543 T (One-way ANOVA) ( Z4H [])
i SNK-q 6 56 (AT 725 95 15 4 18] ) 5 3F 5096 k) LA 911 5
(AT B[ n(%) 1, A 25 R R 7
) K, P<0.05 BREFAGIT¥RE L,
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2 #R

2.1 EC A4t miR-486-5p . PTEN mRNA &%k
TRESEEIGKFENEXE

qRT-PCR K455 Bon , 553 4L 38, EC
HA h miR-486-5p K ik K- L8 (P<0.05), 1M
PTEN mRNA ik /KT (P<0.05), L3k 2, UL
23 R, B L EC 440 miR-486-5p . PTEN
mRNAFR R ACEIE A AR, X 53miR-486-5p =i 3R ik

F2 ECHLURYEZSHL T miR-486-5p |
PTEN mRNA Fik/KF (xs,n=60)
Table 2 miR-486-5p and PTEN mRNA expression

levels in EC tissues and adjacent tissues

ZH 21 Tissues miR-486-5p PTEN mRNA
s 5 4H 41
E%'H"‘_ 1.010. 13 0.99:0. 11
Para(:ancerous tissues
EC 44
. ,E/ 1.54£0. 17 0. 48+0. 09
EC tissues
t 19.183 27.795
P <0. 001 <0.001

R 3 EC Y181 miR-486-5p ,PTEN mRNA ik /K5 B RERAE IAH I ME (%)
Table 3 Correlation between miR-486-5p, PTEN mRNA expression levels in EC tissues and clinical characteristics of patients

miR-486-5p PTEN mRNA
IR e WEE e Pk s .,
Clinical characteristics High expression  Low expression High expression  Low expression
(n=32) (n=28) (n=27) (n=33)

IR () . 076 0.782 2.347 0. 126
Age( year)
=53 31 16(51.61) 15(48.39) 11(35.48) 20(64.52)
<53 29 16(55.17) 13(44.83) 16(55.17) 13(44.83)
AR .829  0.176 0.197  0.657
Menopause
No 27 17(62.96) 10(37.04) 13(48.15) 14(51.85)
Yes 33 15(45.45) 18(54.55) 14(42.42) 19(57.58)
R/ (cm) 627 0.031 9.586  0.002
Tumor size (cm)
<5 41 18(43.90) 23(56.10) 24(58.54) 17(41.46)
=5 19 14(73.68) 5(26.32) 3(15.79) 16(84.21)
4 g
OHLRE 922 0.027 6.465  0.011
Differentiation degree
i/ 36 15(41.67) 21(58.33) 21(58.33) 15(41.67)
High/middle
ﬁﬁ) 24 17(70. 83) 7(29.17) 6(25.00) 18(75.00)

w
FIGO 4314
FIGO stage . 782 0. 009 8.792 0. 003
[ ~1 39 16(41.03) 23(58.97) 23(58.97) 16(41.03)
I~ 21 16(76.19) 5(23.81) 4(19.05) 17(80.95)
M DEEET
B . .329 0. 007 3.922 0. 048
Lymph node metastasis
i{i 41 17(41.46) 24(58.54) 22(53.66) 19(46.34)
A
Yes 19 15(78.95) 4(21.05) 5(26.32) 14(73.68)

A
TEILE 348 0.067 1212 0.271
Cervical involvement
i 40 18(45.00) 22(55.00) 20(50.00) 20(50. 00)
f 20 14(70.00) 6(30.00) 7(35.00) 13(65.00)

es
HPV &
HPV infection . 424 0.515 3.730 0.053
x
No 21 10(47.62) 11(52.38) 13(64.71) 8(38.10)
i 39 22(56.41) 17(43.59) 14(58.82) 25(64.10)

Yes
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(=1.54) MK L (<1.54) . PTEN mRNA #5535
(=0.48) Ak ( <0.48) , #k— L F It
R, EC 41239 miR-486-5p . PTEN mRNA Fik¥) 5
B MR AR BEE FIGO 4310 455675
K(P<0.05) , M54 g 2RE e 8z 2 HPV
JEYLTCIE (P>0.05)
2.2 EC #AfF miR-486-5p . PTEN mRNA 3 i%x
7KF

qRT-PCR Kol 25 5 w5 N IEH T3 I -
Bz 4m it &8, N EC 40l il (KLE , Ishikawa , HEC-1B |
RL95-2 JEC) W' miR-486-5p F ik K F T (P<
0.05) ,1fii PTEN mRNA 357K F-F&#A% (P<0.05) , H:
1 Ishikawa 401 miR-486-5p Fik K Ef i, WL

T HIE®E T E AL LR, © P<0.05,

1, K, JEgescm it i Ishikawa 2,
2.3 Ishikawa ZBffIH miR-486-5p 5 PTEN Ry4RE 15
33

TargetScanHuman ( https : //www. targetscan. org/
vert_72/) il starbase ( http ; //starbase. sysu. edu. cn/)
TE £ W 3 T % BR , miR-486-5p 7£ PTEN mRNA [f)
37 AR gm A X1 A7 AE 0 ) 45 A A, UL IR 2A 2B,
HE— 253 3 U 2 i L P S IR 50 45 R
75,5 WT-PTEN F1 NC mimic 3£4% 4% Ishikawa 2
Jii b %, WT-PTEN Hl miR-486-5p mimic 1t %% Yt
Ishikawa 20 ffg B9 FH X 2% O 2 Wl 76 PE R K (P <
0.05); 1fi 55 MUT-PTEN Hl NC mimic 3t #% J
Ishikawa #f ffd & %, MUT-PTEN F1 miR-486-5p

1 EC 4 AIER 15 M L B2 41 it miR-486-5p .PTEN mRNA FiEKF-(n=6)

Note. Compared with normal endometrial epithelial cells, * P<0. 05.

Figure 1 miR-486-5p and PTEN mRNA expression levels in EC cells and normal endometrial epithelial cells

7 : A B TargetScanHuman  starbase 7£4% W3 TN miR-486-5p 5 PTEN HUVEAE 45 G4 45 C W G R B4R 15 3£ A
SERYIAIE Tshikawa ZHME ' miR-486-5p 15 PTEN L5 C R (n=6) , 5 NC mimic 4 lb42, * P<0.05,
2 miR-486-5p 5 PTEN W#lL[R KR

Note. A/B, Potential binding sites of miR-486-5p and PTEN were predicted by targetscanhuman and Starbase online

websites. C, Dual luciferase reporter gene experiment verified the targeting relationship between miR-486-5p and PTEN in

Ishikawa cells (n=6). Compared with NC mimic group, * P<0. 05.

Figure 2 Targeting relationship between miR-486-5p and PTEN
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mimic L5 YL Tshikawa 40 M B A0 % 9¢ G 25 Bl 15 1
T E2ZS (P>0.05), WE 2C, LA, HEE miR-
486-5p MR F2 ik 1Y Tshikawa 20 M I 76t JE Al 4170 )
PTEN ikt 47 81 & 5255, qRT-PCR Fl Western blot
Kol 2% 3 7R 5 NC 4  NC inhibitor 2H FC %8, miR-
486-5p inhibitor £ Ishikawa ZJif0 ' miR-486-5p ik
TR (P<0. 05) , 1] PTEN mRNA FI%E 1383k 7K
ST E (P<0.05); 5 miR-486-5p inhibitor ZH  miR-
486-5p inhibitor+si-NC £ %%, miR-486-5p inhibitor
+si-PTEN ZH 40 0 1 miR-486-5p 635 /KFJC i 3 2%
S (P>0.05) ,PTEN mRNA Fl18E 135K FREA% (P
<0.05); NC 41 5 NC inhibitor 41, miR-486-5p
inhibitor 15 miR-486-5p inhibitor+si-NC 2 Ishikawa
AL miR-486-5p . PTEN mRNA H1 7 142 ik K F
KX REZEST(P>0.05), WK 3, LI Eg5H%EM,
Ishikawa 41/ miR-486-5p 1] BE G L [5] P 5 PTEN
Fik,
2.4 #%H Ishikawa i fa183E AT 1HER

5 NC 41, NC inhibitor 41 [t %, miR-486-5p
inhibitor 21 Ishikawa 1Y 48 h 72 h ZHE3E 1 FEAK

(P<0.05) , S BEUE > (P<0.05) , FT-%Fm
(P<0.05) ; 5 miR-486-5p inhibitor ZH . miR-486-5p
inhibitor + si-NC #H [t #& , miR-486-5p inhibitor + si-
PTEN 4 Ishikawa 40119 48 h 72 h 4075 /1 T+
(P<0.05) , B3I A £ (P<0. 05) , AT ZRFEAK
(P<0.05); NC 415 NC inhibitor 4, miR-486-5p
inhibitor 15 miR-486-5p inhibitor+si-NC £ Ishikawa
L P A LTS ) B T T UECRN  TRRTE  2E S
(P>0.05), WL 4~ 6,
2.5 #&%H Ishikawa 4HfATEFE BLEER

5 NC 4. NC inhibitor £ [t %5, miR-486-5p
inhibitor 2 Ishikawa 20 I8 X JE & & KL (P <
0.05) , 1% 4 JfL B0OFN 1= 2% 20 M %5 /D (P<0.05)
5 miR-486-5p inhibitor £ . miR-486-5p inhibitor +si-
NC 4 It %, miR-486-5p inhibitor + si-PTEN £
Ishikawa ZHERIE @& 2T 5 (P<0.05) , T A 401
O 1= 2% 20 L ECH I (P <0.05) 5 NC 4 5 NC
inhibitor ZH . miR-486-5p inhibitor ZH 5 miR-486-5p
inhibitor+si-NC ZH QR A 52 1054 40 MU BCRIR 22 40
JOETC 8 2 22 5+ (P>0.05) , LR 7 & 8,

¥ : A Western blot £l Tshikawa ZHiE - PTEN £ 433k ;B & £ 4HT miR-486-5p \PTEN mRNA Fl#E (A FE A KK (n=6), 5 NC 4 Lb#,

* P<0. 05;5 NC inhibitor 41 [b%Z, #*P<0. 05 ;5 miR-486-5p inhibitor Z1 6%, “P<0. 05;.5 miR-486-5p inhibitor+si-NC 21 [b#:, © P<0. 05,
B 3 il miR-486-5p 5% PTEN F ik Xt Ishikawa i H miR-486-5p \PTEN 31k [ & 1R

Note. A, PTEN protein expression in Ishikawa cells detected by Western blot. B, Quantitative analysis of miR-486-5p, PTEN mRNA and protein

expression levels (n=6). Compared with NC group, * P<0.05. Compared with NC inhibitor group, *P<0.05. Compared with miR-486-5p
inhibitor group, ¥P<0.05. Compared with miR-486-5p inhibitor+si-NC group, © P<0. 05.
Figure 3 Effect of inhibiting miR-486-5p or PTEN expression on miR-486-5p and PTEN expression in Ishikawa cells
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.5 NC4ib#:, * P<0.05;5 NC inhibitor 21 FL#, #P<0. 05; 5 miR-486-5p inhibitor 41 L%, “P<0.05;5 miR-486-5p inhibitor+si-NC #1
i, ©P<0.05,
4 il miR-486-5p 5k PTEN FiAXT Tshikawa JHHETE J1 IR (n=6)
Note. Compared with NC group, *P<0.05. Compared with NC inhibitor group, *P<0.05. Compared with miR-486-5p inhibitor group, ¥ P<0. 05.
Compared with miR-486-5p inhibitor +si-NC group, © P<0. 05.
Figure 4 Effect of inhibiting miR-486-5p or PTEN expression on Ishikawa cell viability

TE: 5 NC Z4Hb#, * P<0.05;-5 NC inhibitor 2 [E#, *P<0. 05 ;5 miR-486-5p inhibitor 21 L4, P<0. 05 ;-5 miR-486-5p inhibitor+si-NC 41
i, © P<0.05,

5 il miR-486-5p 5k PTEN ik X} Ishikawa JHHIHEVETE HURE 1 A5 MR (SR TETE LR ,n=6)
Note. Compared with NC group, * P<0.05. Compared with NC inhibitor group, *P<0.05. Compared with miR-486-5p inhibitor group, $P<
0.05. Compared with miR-486-5p inhibitor+si-NC group, © P<0. 05.
Figure 5 Effect of inhibiting miR-486-5p or PTEN expression on colony forming ability of Ishikawa cells ( Colony forming test, n=6)

5 NC4lHE, * P<0.05; 5 NC inhibitor 21 F %8, #P<0. 05; 5 miR-486-5p inhibitor ZH F4%, € P<0. 05; 5 miR-486-5p inhibitor+si-NC 21
He#s, © P<0.05,
Bl 6 il miR-486-5p Bt PTEN A%} Ishikawa 4HH T A5 0 (RN AIMAR  n=6)
Note. Compared with NC group, *P<0.05. Compared with NC inhibitor group, *P<0.05. Compared with miR-486-5p inhibitor group, $P<
0.05. Compared with miR-486-5p inhibitor+si-NC group, ¢ P<0. 05.
Figure 6 Effect of inhibiting miR-486-5p or PTEN expression on Ishikawa cells apoptosis ( Flow cytometry, n=6)
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5 NC 4lH4:, * P<0.05;%5 NC inhibitor 41 %5, *P<0. 05;5 miR-486-5p inhibitor 41 HL4E, ¥ P<0. 05; 5 miR-486-5p inhibitor+si-NC £
iz, @ P<0.05,
7 il miR-486-5p 5% PTEN kX Ishikawa 4 JEiE#% B2 0 (IR @5 5256 ,n=16)
Note. Compared with NC group, * P<0.05. Compared with NC inhibitor group, *P<0. 05. Compared with miR-486-5p inhibitor group, ¥P<0. 05.
Compared with miR-486-5p inhibitor+si-NC group, © P<0. 05.
Figure 7 Effect of inhibiting miR-486-5p or PTEN expression on Ishikawa cell migration (Scratch healing experiment, n=6)

.5 NC 44, * P<0.05;5 NC inhibitor 41 1b%Z, *P<0. 05 ;5 miR-486-5p inhibitor ZH [L#:, P<0. 05;5 miR-486-5p inhibitor+si-NC 41
s, © P<0.05,
B8 M miR-486-5p B PTEN FiEXT Ishikawa NI 42220520 ( Transwell S25, n=6)
Note. Compared with NC group, * P<0.05. Compared with NC inhibitor group, *P<0. 05. Compared with miR-486-5p inhibitor group, & P<0. 05.
Compared with miR-486-5p inhibitor +si-NC group, ¢ P<0. 05.
Figure 8 Effect of inhibiting miR-486-5p or PTEN expression on migration and invasion of Ishikawa cells ( Transwell test, n=6)

2.6 %8 Ishikawa ZHBE+ PI3K/AKT if %46 3¢
EERIEER
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inhibitor+si-PTEN £ Ishikawa 4 i ' p-PI3K/PI3K |
p-AKT/AKT L fH Ft 5 (P <0.05); NC 415 NC
inhibitor £l . miR-486-5p inhibitor £ 5 miR-486-5p
inhibitor+si-NC £l Ishikawa i ' p-PI3K/PI3K . p-
AKT/AKT IWETC % 22 5% (P>0.05) , 4045 3R UL
K9,
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#E : A: Western blot K5l Ishikawa 4+ p-PI3K PI3K , p-AKT ,AKT & 31k ; B % 40 H7 p-PI3BK/PI3K ,p-AKT/AKT(n=6) , 5 NC 4
Hds, * P<0.05;5 NC inhibitor 1 HL#5, #P<0.05; 5 miR-486-5p inhibitor 41 L #5, “P<0.05; 5 miR-486-5p inhibitor+si-NC 2 045

@ p<0.05,

B9 0 miR-486-5p B, PTEN F235%} Ishikawa 20l PISK/ AKT 1 B AH G 85 1 2635 O 5% 01
Note. A, p-PI3K, PI3K, p-AKT and AKT protein expression in Ishikawa cells detected by Western blot. B, Quantitative analysis of p-PI3K/

PI3K, p-AKT/AKT (n=6). Compared with NC group, *P<0.05. Compared with NC inhibitor group, *P<0. 05. Compared with miR-486-5p

inhibitor group, ¥P<0.05. Compared with miR-486-5p inhibitor +si-NC group, ¢ P<0. 05.

Figure 9 Effect of inhibiting miR-486-5p or PTEN expression on PI3K/AKT pathway related protein expression in Ishikawa cells
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[ Abstract]  Objective To explore how miR-34a-5p regulates insulin-like growth factor I mRNA-binding protein
3 (IMP3) and programmed death ligand-1 ( PD-L1) expression and its influence on the biological behavior of breast cancer
cells. Methods We analyzed IMP3 and PD-L1 expression in breast cancer and normal tissues using the Human Protein
Atlas and GEPIA, and patient prognosis and survival using The Cancer Genome Atlas and GTEx project. miR-34a-5p,
IMP3, and PD-L1 mRNA levels, IMP3 and PD-LI protein levels were detected in breast cancer and adjacent normal
tissues by quantitative reverse transcription-polymerase chain reaction (qRT-PCR) and Western blot. Correlations between
miR-34a-5p and IMP3 and PD-L1 mRNAs were analyzed by Pearson’ s test. Immunohistochemistry was used to detect
IMP3, PD-L1, and leukocyte differentiation antigen 44 variant 6 ( CD44v6) expression in breast cancer and normal
tissues, and the relationships between IMP3 and PD-L1 expression and clinicopathological parameters were analyzed.
Target gene prediction and dual luciferase reporter assay were used to verify the targeted regulation of miR-34a-5p on IMP3
and PD-L1. MCF7 cells were divided into control group, miR-NC group, miR-34a-5p group, miR-NC+pcDNA-NC group,
miR-NC+IMP3 group, miR-NC+PD-L1 group, miR-34a-5p+pcDNA-NC group, miR-34a-5p+IMP3 group, and miR-34a-
Sp+PD-L1 group. Cell proliferation, migration, and invasion were determined by MTT, colony-formation, scratch, and
Transwell chamber tests, respectively. Expression levels of IMP3, PD-L1, CD44v6, matrix metalloproteinase-2 ( MMP-
2), MMP-9, and E-cadherin were detected by Western blot. Results The biological databases showed that higher
expression levels of IMP3 and PD-L1 in breast cancer tissues were associated with shorter survival (P<0.05). Expression
levels of miR-34a-5p were significantly lower while expression levels of IMP3 and PD-L1 mRNAs and proteins were
significantly higher in breast cancer tissues than in normal tissues. miR-34a-5p expression was negatively correlated with
IMP3 and PD-L1 mRNAs, respectively (P<0.05). Immunohistochemistry showed positive expression of IMP3, PD-L1,
and CD44v6 in breast cancer, with higher IMP3 and PD-L1 expression associated with later TNM stage, lower degree of
tumor differentiation, and increased risks of lymph node and distant metastases ( P<0.05). Dual luciferase assay verified
the targeted regulation of miR-34a-5p on IMP3 and PD-L1. The cell viability, number of clones formed, scratch-healing
rate, cell invasion, and expression levels of IMP3, PD-L1, CD44v6, MMP-2, and MMP-9 protein were all significantly
lower and E-cadherin expression was significantly higher in the miR-34a-5p group compared with the control group and
miR-NC group. The cell viability, number of clones formed, scratch-healing rate, cell invasion, and expression levels of
IMP3, PD-L1, CD44v6, MMP-2, and MMP-9 proteins were all significantly increased while expression of E-cadherin
protein was significantly decreased in the miR-NC+IMP3 and miR-NC+PD-L1 groups compared with the miR-NC+pcDNA-
NC group. The cell viability, number of clones formed, rate of scratch healing, cell invasion, and expression levels of
IMP3, PD-L1, CD44v6, MMP-2, and MMP-9 protein were all significantly increased while E-cadherin expression was
significantly decreased in the miR-34a-5p+IMP3 and miR-34a-5p+PD-L1 groups compared with the miR-34a-5p+pcDNA-
NC group (P<0.05). Conclusions miR-34a-5p can inhibit the proliferation, migration, invasion, and epithelial-
mesenchymal transition of breast cancer cells by targeting the expression of IMP3 and PD-L1.

[ Keywords] miR-34a-5p; insulin-like growth factor I mRNA-binding protein 3; programmed death ligand-1;

breast cancer; proliferation; invasion
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WARAF . AZHFRUE: (1) BWIRZ IR (2) R
BT ROT ACTTAEEYT ; (3) MU ORI ST 4, BTk
A28 B E SRR AV R WF5E 5 AR VLV
AT I 4 PR (B P 2E 40 B 2% B S b (AL

5.41206) .,
1L.1.2 4

NFLIRAE AN MCRT (R BUAER N A PR AT
PR,

1.2 FERLFSNE

MTT ( AR R A BR A W AR =i 5
M2485) ; RPMI 1640 17 77 ¥k (b5 3R A BR 5%
AT A S . 31800-022) 5 KA 2F 3G (b 5t 4F—
R BR N AL, A RS 112082) 5 Bt A
IMP3 858 [ P ( 78 B 5. ZA-0639UM ) | RLBT A
CD44v6 HriFEPLIAR ( 7EfES ZM-0052UM) | fedit A
PD-L1 MSERERLIR (FEFE S . ZR3) (BUM AR%
ARA PR A ) 3 MMP-2, MMP-9 | E-cadherin , B-actin
Pifk (3£ H Santa Cruz 2 a), A 725 1 se-13594 sc-

374029, sc-8426. sc-301402 ) ; miR-34a-5p-mimic .
mimic-ne (L3S F AW TREARAF) ; oEd
fhikH) & BCA iXF & ECL B ( FiFE ZRA
a4 P74 5. PO615 . PO033  PO018 S) ; Ji 2 1 /i
HR R/ R R (EE GIBCO A H, At 5.
25200-056) .

WMSC-1088 {51 & A= 4 i il (b1 TP YA A%
o8 BR 2> | ) 5 SE260 2 4k 8 af: F L vk A (95
Cytiva 237 JL) ; BPN-150CW &AL 153546 ( L
GRS & A RN 7)) 5 Spark 2 I REBGAR X ( |
TR H LI A RAFD) .

1.3 EEHE
1.3.1 giffussR 5004

S 10% 64 3% 100 U/ml 75 %5 /55 %
Z 1) RPMI 1640 B3 3251555 MCF7 400, T4 h
37°C 5% CO, M FNE R 55 324 h 5% . 4 M4y
A control 4 ( AU S ) . miR-NC 2H (% %% mimic-
nc) .miR-34a-5p 4 ( 7 Y% miR-34a-5p mimic) ,miR-
NC+pcDNA-NC 4 (%% %% mimic-nc+pcDNA-control ) |
miR-NC +IMP3 4 ( Yt mimic-nc + pcDNA-IMP3) |
miR-NC+PD-L1 2H ( #% %% mimic-nc+pcDNA-PD-L1) |
miR-34a-5p+pcDNA-NC 4 (4% miR-34a-5p mimic+
peDNA-control ) , miR-34a-5p + IMP3 £l ( % 4% miR-
34a-5p mimic+pcDNA-IMP3) ‘miR-34a-5p+PD-L1 2{
(554 miR-34a-5p mimic+pcDNA-PD-L1) , #Z I /340
AFRATIE IR R L
1.3.2  WESOEERM L

Pyt IMP3  PD-L1 ¥ 4= 84 5 78 BUSE S0 R il 4
AN , M Fhog ok 4 %) 5 mimic-ne miR-34a-5p-
mimic IR, FLHEYLZE MCF7 40, 4L 48 h ),
B 25 2H A0 B 24 A, 423050 G id ARG I 2 't 2R il
1.3.3 qRT-PCR #&:l]

K TRIzol iR HUAH 2L RNA, 8% RNA J
555K ¢DNA,SYBR Green 14" $ | 2 i 5514 : 95°C
AP 30 5,95°C 10 s,60°C 30 s, fEFF 40 ¥, fdiH]
2784 N miR-34a-5p  IMP3  PD-L1 FX} ik
K F, 5l ¥ F F. miR-34a-5p F. 5 -
ACACTCCAGCTGGGTGGCAGTGTCTTAGC-3 *, R:
5 ’-ACACTCCAGCTGGGTGGCAGTGTCTTAGC-3  ;
IMP3 F. 5’ -ACGAAATATCCCGCCTCATTTAC-3 ",
R: 5°’-GCAGTTTCCGAGTCAGTGTTCA-3’; PD-L1
F. 5’-GTCAGATTTTGTCCGTTCCACA-3’, R: 5°-
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CATGGACTTGACGTAGCTGTT-3 °; U6 F:. 5 -
CTCGCTTCGGCAGCACATATACT-3 *, R: 5 ’-
ACGCTTCACGAATTTGCGTGTC-3"
1.3.4  SReib il

HAUHE AR ) B, B =
PR GRS | At B2 T /K BT 52 | LU= 1L 3 3 P
Ja S A IMP3  PD-L1 ,CD44v6 —¥i, 4°C 15 75 1
R HE I Z9t,37°C M F 30 min, 4 DAB I 4,
Y WK B B TOREE AR,
1.3.5 MTT #&:il

4 if 3 5 . A 2 A0 ML B AP T 96 fLAR I, 55
24 48 .72 .96 h Bf I A MTT ¥, 422555 4 h, 3¢
%, A DMSO, T 450 nm Ab4G OD fi .,

TERETE B A AR T 6 FLAR b, K 5% 2
Ji 4% 22 B HEEFE E AN 15 min, 25 S YL, T%
B WS IR
1.3.6 XPRSLK:

K AR T 6 FLAR T, X5 4 M G R A
J& H1 200 pL AL RE , FORBE N g g, I & )
JETERE  ARSERESE 24 h S FRROWEE T3 4 i %R
WAER=(0h FEEE-24 h FEE) /0 h FEEEX100% .,
1.3.7 Transwell 2256

Transwell [ 28 B IR Pk matrigel 2 BT/, |
TN A TC 0 35 77 ) A R, T &
IMAE 10% G4 1075 i) DMEM 55 37 3, 1% 9% 24 h,
RS 150, 25 SR e o, TR LS IR, et
AN
1.3.8 Western blot £l

IBUHR 3 2L i 9 2R U3 A 3 WA 45 41 MCF7
HHRRLTTYE , 43 A GE 2 AR, PR I LR R
BCA 0 %2 2 (5 & &, Hil#f, 4 SDS-PAGE #E i
LUK S R S I A PR P 2 e, 0 B IMP3
PD-L1 ,CD44v6 MMP-2 MMP-9  E-cadherin —#7 ( 1
: 1000)4°CFR A, —HT(1 : 10 000) ¥ F 2 h, 28
ECL 7, B T H0F U A S A R 45
1.4 FitFEHE

fii FH SPSS 22. 0 #4568 WA WA 52 1 GE 1153
BT, TR OB IR 204, B0 LV S48 e o 22
(x+s) Frn, LA B9 FL 3R ¢ KE 565 107 BE LA
H (%) R, AR HECR X K50, R 57K fE o
=0.05,

’

2 &R

2.1 miR-34a-5p IMP3 PD-L1 £ 3L PR fE A A rh

Human Protein Atlas 23 & . GEPIA 4R ) 5
TCGA ¥4y Hras B (8 1A 1B) Bos, 51E# 4
AU LG, FLIRRZHZY IMP3 PD-L1 3k B W TH i
AT ES S R IMP3 PD-L1 6k 72 B il g, AR
FE AW (B 1C,P<0.05) , 38 IMP3  PD-L1
FEFLIME P A AR X, qRT-PCR 45
(B 1D) R, 160 1] 8 LR L 2L (1) miR-34a-
5p F= ik i B B AIK T8 55 15 H 4141, IMP3 mRNA |
PD-L1 mRNA EiEH B & TRFEFHAL (P<
0.05) ; FL Mg 5 41 21 b miR-34a-5p 23 51 55 IMP3
mRNA PD-L1 mRNA % ] & fi 4156 (P<0.05) (A
1E) ., Western blot 255 (& 1F) &7, 160 1 2 F,
JRIEFAIZL IMP3 PD-L1 £ 1335 0 i /& F1E & 4141
(P<0.05) ,
2.2 RANFELNZLIREES IMP3 . PD-L1,
CD44v6 HI3RIE

GREH LSS R (B 2) BoR, Simss g T, 3L
BRIEELHZY IMP3 PD-L1 ,CD44v6 P55
TIEFHL,
2.3 IMP3.PD-L1 B Rix 5ZL IR B & I KR E

160 15955 194 B8 IMP3  PD-L1 AHX%F 35540 K
A2 (IMP3: 116 f]; PD-L1: 124 f4i]) AK3ik2H
(IMP3:44 f]; PD-L1.36 fil), &5% (F 1) Bx,
IMP3 PD-L1 FRik/K-F-54E 0 48 20500 e K/
T RAHCHE (P>0.05) , 5 TNM 733 ik EL &5
B Gm A RS T oy AL R A B B A e (P <
0.05), IMP3 PD-L1 ik i, TNM 4331 # g
JibeE o AR SEATR BR A 5 & A T B 5 R A e
2.4 EOEREFMREIE N EHLE

AYE B BT I 45 5 (& 3A) 7R, miR-
34a-5p 5 IMP3 PD-L1( CD274) KK #RAEAE 45 4 or
Mo PR BRI ZE R (1K 3B) s, 5 control
ZHAH LG, BFA 7 IMP3  PD-L1 %% Y15 5 i B b 25 [
K (P<0.05) , 1278 K1 IMP3  PD-L1 ¢ )6 2 B I 1
T EZ S (P>0.05), UiH miR-34a-5p A DL 2
WA IMP3 PD-L1 2K 7 Bt 3 UTR 2 A A 3R ik,
IMP3 . PD-L1 /& miR-34a-5p [{J#EIEA
2.5 F/AYHREIE TE A2 7 T 5 4 AR 5 T RE T AR AR
b8

TLEIE SR (K 4A) Bn, 5 control 4H Al
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miR-NC 21 AH Ht, miR-34a-5p AL 40 M B 5 BT WAL miR-34a-5p+IMP3 41 Fll miR-34a-5p+PD-L1 41 41 g
H &2 EWW />, 5 miR-NC+pcDNA-NC H AL, miR- TSR s B BH B4 in ( P<0. 05)

NC+IMP3 ZHF1 miR-NC+PD-1.1 ZH 21 it 5. 52 f& T8 i MTT Z55 ( 4B) 7R~ , 5 control ZH#1 miR-NC
BE BN, 5 miR-34a-5p+pcDNA-NC 2148 [, ZHAH L, miR-34a-5p2H 4 LT 7R A%, S5 miR-NC+

T A G ARG S8 2 TE TR A SURIFL IR 41 41 0P IMP3 PD-L1 35 ; B IMP3  PD-L1 7E 3L I 41 4L RS BB 4 U g e ik 5 €
IMP3 . PD-LI AN[A|FR3KK VB #H 1 4L D qRT-PCR 4% I J 1 9 55 41 21 miR-34a-5p . IMP3 mRNA  PD-LI mRNA #%f £k K E.
Pearson K46 /0T FLARIE 20 2L B miR-34a-5p 235155 IMP3 mRNA PD-L1 mRNA AYAHEE ; F; Western blot A& I 955 &% i 55 41 41 IMP3  PD-L1
HAMXRIBARF, SEFIEFHLMEL, © P<0.05,
1 miR-34a-5p .IMP3 PD-LI1 7EFLARSEH LU P Rk

Note. A, Immunohistochemical detection of IMP3 and PD-L1 expression in normal breast tissue and breast cancer tissue. B, Expression of IMP3
and PD-L1 in breast tissue and breast cancer tissue. C, Survival time of patients with different expression levels of IMP3 and PD-L1. D, Detection
of relative expression levels of miR-34a-5p, IMP3 mRNA and PD-L1 mRNA in cancer and adjacent normal tissues by qRT-PCR. E, Correlation
between miR-34a-5p, IMP3 mRNA and PD-L1 mRNA in breast cancer tissues analyzed by Pearson test. I, Detection of relative expression of IMP3
and PD-L1 proteins in cancer and adjacent normal tissues by Western blot. Compared with the normal tissues adjacent to the cancer, * P<0. 05.

Figure 1 Expression of miR-34a-5p, IMP3 and PD-LI in breast cancer
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2 GEALLSIHT IMP3 PD-L1,CD44v6 7E4 Ko o5 4 i ik
Figure 2 Immunohistochemical analysis of the expression of IMP3, PD-L1 and CD44v6 in breast cancer and paracancerous

normal tissues

R 1 FUMEALUP IMP3 PD-L1 FIA/K P15 B i O BE S EOH S B

Table 1 Correlation analysis of IMP3, PD-L1 expression levels and clinicopathological parameters in breast cancer tissues

IMP3 %k PD-L1 %3k

B33 ik IMP3 expression PD-L1 expression P
Parameters Cases & (44) H=(116) p ik (36) = (124)

Low (44) High (116) Low (36) High (124)
FRY(S) 0.386 0. 164
Age( years)
<50 64 20(31.25) 44(68.75) 18(28.13) 46(71.87)
=50 96 24(25.00) 72(75.00) 18(18.75) 78(81.25)
a2
bz 92 30(32.61) 62(67.39) 0.092  22(23.91) 70(76.09) 0.619
Menopause

b 7] 0

HEP{;jt/_l\( cm) 0. 750 0. 139
Tumor size
<5 76 20(26.32) 56(73.68) 21(27.63) 55(72.37)
=5 84 24(28.58) 60(71.42) 15(17.86) 69(82.14)
TNM 4338
TNM staging 0. 000 0. 003
[ ~1 72 30(41.67) 42(58.33) 24(33.33) 48(66. 67)
I~V 88 14(15.91) 74(84.09) 12(13.64) 76(86.36)
S
L5 . 98 18(18.37) 80(81.63) 0. 001 10(27.78) 88(70.97) 0. 000
Lymph node metastasis
IC b
LL&"@ . 92 16(17.39) 76(82.61) 0. 001 12(33.33) 80(64.52) 0. 001
Distant metastasis
AL
Degree of differentiation 0003 0. 001
I~1 94 34(36.17) 60(63.83) 30(31.91) 64(68.09)

I} 66 10(15.15) 56(84.85) 6(9.09) 60(90.91)
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7 ;A miR-34a-5p #U A IMP3 PD-L1 2L K ; B, SFOE EBFLE ; 5 miR-NC 4HAHEL, * P<0.05,
3 AL DR U B RSO 3R Wl L
Note. A, Targeted regulation of IMP3 and PD-L1 genes by miR-34a-5p. B, Double luciferase experiment. Compared with miR-NC group, * P<0. 05.

Figure 3 Target gene prediction and double luciferase experiment

T A MTT A0 4 20 20 O AF RE T 5 B - I AR B se B A H . 5 control 4l miR-NC 4HAHLL, * P<0. 05;5 miR-NC+pcDNA-NC 24
HH, *P<0.05;5 miR-34a-5p+pcDNA-NC 414, 2 P<0.05,

B4 41405 RE 1 Ke AN e RETE LR T 1) e
Note. A, Ability of cell proliferation in each group was detected by MTT method. B, Number of monoclonal formation of cancer cells. Compared
with control group and miR-NC group, * P<0.05. Compared with miR-NC+pcDNA-NC group, *P<0.05. Compared with miR-34a-5p+pcDNA-
NC group, “ P<0. 05.

Figure 4 Comparison of the ability of cell proliferation and clone formation of cancer cells in different groups
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pcDNA-NC ZH A kb, miR-NC + IMP3 2 F1 miR-NC +
PD-L1 2 (%) 40 it 1% 77 B & 4% 5%, 55 miR-34a-5p +
pcDNA-NC £ # k., miR-34a-5p + IMP3 41 il miR-
34a-5p+PD-L1 4 B 40 i% J7 B 0 1558 ( P<0. 05)
2.6 HBAMMMIEBEENLLE

5 control 21 fl miR-NC ZHA4H ., miR-34a-5p 41
YRR A1 A B B R, 5 miR-NC +pcDNA-NC
AL, miR-NC+IMP3 41 F1 miR-NC+PD-L1 ZH 41 fig
R AT AR A W0, 5 miR-34a-5p+pcDNA-NC 41
HHE , miR-34a-5p+IMP3 24 Fll miR-34a-5p+PD-L1 4
21 K R A R B R i (&1 5, P<0.05)
2.7 BEHMEBEERENLR

5 control 21l miR-NC ZHAH b, miR-34a-5p 41
=255 H W 5320, 5 miR-NC+peDNA-NC 44
AHEE , miR-NC+IMP3 £ #1 miR-NC+PD-L1 41 4fl i =
ZEXCH B BN, 5 miR-34a-5p + pcDNA-NC 41 4
Ft , miR-34a-5p+IMP3 2 #il miR-34a-5p+PD-L1 £ 41
Mtz 2845 5 0 B3 (& 6,P<0.05) ,
2.8 HHAYE IMP3, PD-L1, CD44v6, MMP-2,
MMP-9 . E-cadherin & B RixKE L

5 control 41l miR-NC ZH#4H kb, miR-34a-5p 41

409+ IMP3  PD-L1 ,CD44v6 . MMP-2 MMP-9 % ik
JK-BH B BEAK, E-cadherin £ iA/KEH BT &, 5
miR-NC + pcDNA-NC ZH A [, miR-NC + IMP3 #H #/I
miR-NC + PD-L1 41 41 Jifl tf IMP3 | PD-L1, CD44v6
MMP-2 MMP-9 ik /KF-B i F+ 155 , E-cadherin 35
KRB T B, 5 miR-34a-5p+pcDNA-NC ZHAH L,
miR-34a-5p+IMP3 4 Fl miR-34a-5p+PD-L1 £ 41 fifg
f IMP3  PD-L1,CD44v6 . MMP-2 MMP-9 % ik 7K
T+, E-cadherin 3K KFEF (K 7,P<0.05)
2.9 miR-34a-5p #[a IMP3 . PD-L1 EEF=ZL IR
925 20 it T R BY A 4E F AL

FRAT 3 A 4G IN Z2L Bio 2 2 UR s 240 B miR-34a-
5p. IMP3 PD-L1 /K, % Bl miR-34a-5p 7EFLIRE4H
AR Fk T, IMP3 Fl PD-L1 ik i, [A]
i, miR-34a-5p #[) J #2 IMP3, PD-L1 %3k, 136 W]
miR-34a-5p SFLMREIE ARG 135K miR-34a-5p
LR IMP3  PD-L1 7K S 100 il L iR s 40 f 34
VLT R 1= 28 M b B2 TE] 58 i F% Ak ( epithelial
mesenchymal transition, EMT) §& 77, i i 38 15 IMP3 |
PD-L1 BEfe s Bk 52 mm, el st FRATTHE T, 3 3Rk
miR-34a-5p # [ IMP3  PD-L1 GEM% 10 ) FL I 5 240 i
BB AT R (B 8) o

¥ : 5 control 1A miR-NC ZHAHF, * P<0.05;5 miR-NC+peDNA-NC 4AH I, #P<0. 05; 5 miR-34a-5p+pcDNA-NC ZAHIL, 2 P<0.05,
B 5 #AAMITRERE D) LE
Note. Compared with control group and miR-NC group, “ P<0.05. Compared with miR-NC+pcDNA-NC group, *P<0.05. Compared with miR-

34a-5p+pcDNA-NC group, “ P<0. 05.

Figure 5 Comparison of cell migration ability in each group
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7 : 5 control ZHAI miR-NC 4AHLE, * P<0.05;5 miR-NC+pcDNA-NC 4AHLE, #P<0. 05;45 miR-34a-5p+pcDNA-NC 4AHLE, © P<0. 05,
B 6 25240220 b

Note. Compared with control group and miR-NC group, * P<0.05. Compared with miR-NC+pcDNA-NC group, *P<0. 05. Compared with miR-

34a-5p+pcDNA-NC group, “ P<0. 05.

Figure 6 Comparison of cell invasion ability in each group

TE 5 control ZHH1 miR-NC AL, * P<0. 0545 miR-NC+pcDNA-NC ZHA L, #P<0.05;5 miR-34a-5p+pcDNA-NC AL, 2 P<0.05,
Bl 7 Western blot £l IMP3 _PD-L1.CD44v6 MMP-2 MMP-9 Fll E-cadherin & [ ik
Note. Compared with control group and miR-NC group, * P<0.05. Compared with miR-NC+pcDNA-NC group, *P<0.05. Compared with miR-34a-
5p+pecDNA-NC group, “ P<0. 05.
Figure 7 Detection of IMP3, PD-L1, CD44v6, MMP-2, MMP-9 and E-cadherin protein expression by Western blot
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8 miR-34a-5p [ IMP3 \PD-L1 3 P& 45 L I8 40 it S5 96 R gV AL A1

Figure 8 Mechanism of miR-34a-5p targeting IMP3 and PD-L1 genes to regulate malignant phenotype of breast cancer cells

3 it

miR-34a-5p # ¢ 18 7 2 F g 20 2L S i 3R
K, B 5 MR R, 0 Song %517 & Bl miR-34a-5p
Fa P X-box Z5A 8 1(XBP1) 1k, 7 A%
2T A 240 A U A B B R AR R RSB R - -
FIAIARA R -6 7K, AT R 2 KU 5 R 1 R
RE N Zheng %“4] 9% B miR-34a-5p 8@ 3 1 1
HOX #%5% 5 L RNA (HOTAIR) f) 23k, #hil4E /N0
Wft e R AR5, ] L R 1) 7 T Ak R ik
PR A B AR ASE R Sy i O 1 YR T 4R AT I O 2
Haghi %' % M miR-34a-5p 75 FL IR 40 i p 23k
T, #% Y miR-34a-5p REEA T AN A T, T 90
1RZEMTR2, Mansoori 25" BYF 5 45 5 /R, miR-
34a TEFLNRIE BB E R 2V P KRG, SR E AR
RIUSA K, A5 5 G4 miR-34a-5p J5 , MCF7
HREIG S TR 42220 W S , #2R miR-34a-
5p 76 L MR P R MR AR, S BREE A5 R
—3,
IMP3 J&—FEE IR 1, S 5RAE R f iR 28
TR, PD-L1 HLAG 10 I8k L 40 G 43 i B T RE
AR E R R Zuo 2 & BE miR-34a-5p i)
JEE PD-L1 (4 323k, RE A% B AR 0P 529 19 10 7 il ek
P, Tian % T RDT, PD-L1 ik LS5/
JEL it 9 4 LT ML W 245 7 O, At A e mT 3 - IR
/NG L s 248 P T miR-34a-5p 1] #04f] PD-L1 3%
by | B | AN N TR N OO e R U R e

Huang 25" JE 52, [ miR-34a A] #0 i) 4101 4] IMP3
Feak | DT RA AR LR 98 40 i % B AR BR I BE T, 3
1) L8 4 L P P 200 B R 1 . AEAS RS P, miR-
34a-5p 1A 714 IMP3 PD-L1, FLIREE 414 IMP3 |
PD-L1 538355 8 A A7 01 4 52 TNM g 380, i 773
AR AR WSS GERAL A G $27R IMP3 (PD-
L1 7EFLME T R AR O H S BE A R TS
EP

EMT J& /M 40 M 5 ol JE B SRAS 1= 28 A B4 e
T EAAF, CD44v6 J& CD44 KB 51, CD44v6
1o 22 TR AT AT UK B A0 M T R T R 4 1) 3 g
RPEMEERS, HWHEDY I S iR GEs A%
FLIRIE AN 1R 78 b 7 2K 11 MMP-2  MMP-9, 42 = 410
RS E-cadherin {335, 1] A 0% A% LR i 40
HER RERE S, A% KRBT IE miR-27 (1)
FEIK, AT HI ] MMP-2 9234, i E E-cadherin [ 3%
iR 0 LRI 20 AR P 2R W 2 AT S EA B S A
FH, Hu 2203 CD44v6 7 1= 28 1 L IR Jrs 40 i 5
BEAIAR 28 M L B 4 e v (2 3 A, R CD44v6
Jei BT LA 8 0 20 e A RUR 2, AR Pt R
ik miR-34a-5p J& , 7L %96 40 il IMP3  PD-L1, MMP-
2 MMP-9  CD44v6 3 ik B B FE AKX, E-cadherin [
IR TR, MCF7 20 % A= 2247 R 32 204 il
It F ik IMP3 PD-L1 fefifl iR, 25 R
miR-34a-5p A] i of 4 45 IMP3 | PD-L1 3K ik 5 i
MCF7 i35 1228 1285 ) EMT,

25 b ik, miR-34a-5p B8 i #2 (a] IMP3 | PD-
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L1 220K L g 0 S A 4244 70 R T miR-
34a-5p IMP3 F1 PD-L1 BETSAE Ml A & T #1
TRIT RSN TR R M A — 2T
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Effects of serum containing Fuzheng kangai decoction on proliferation, apoptosis
and cell cycle progression of human ovarian carcinoma HO-8910PM cells

TIAN Lu, CHEN Ying, ZHANG Yang"
( Affiliated Hospital of Liaoning University of Traditional Chinese Medicine, Shenyang 110032, China)

[ Abstract]  Objective To investigate the effects of serum containing Fuzheng Kangai Decoction (FZKAD) on the
proliferation, apoptosis, and cell cycle progression in human ovarian carcinoma HO-8910PM cells. Methods  Forty
Sprague-Dawley rats were divided randomly into control and low-dose (4.725 g/kg), medium-dose (9.45 g/kg), and
high-dose (18.9 g/kg) FZKAD groups. After 7 days of intragastric administration, serum containing FZKAD was prepared
and used for the culture of HO-8910PM cells. Cell proliferation was detected by MTT assay, colony-formation ability was
detected by clone formation assay, apoptosis was detected by flow cytometry using Annexin V-fluorescein isothiocyanate/

propidium iodide double-staining, cell cycle progression was detected by flow cytometry using propidium iodide single-
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staining, and protein expression levels were detected by Western blot. Results There was no significant difference in cell

survival rates among the low-dose, medium-dose, and control groups after 24 h ( P>0.05). However, cell survival rates in

the other groups were significantly decreased after 24, 48 and 72 h (P<0.05 or P<0.01), and the colony-formation

abilities were also significantly decreased in each dosage group (P<0.01). Compared with the control group, the apoptosis

rates and protein expression levels of P53 and Bax were significantly increased in the low-dose, medium-dose, and high-

dose groups (P<0.05 or P<0.01), while the protein expression level of Bel-2 was decreased (P<0.01). The percentage

of cells in Gy /G, stage was significantly increased in the low-dose, medium-dose, and high-dose groups compared with the

control group (P<0.05 or P<0.01), while the percentages of cells in S and G,/M stages and protein expression levels of

cyclin D1 and cyclin-dependent kinases 4 and 6 were decreased ( P<0.05 or P<0.01). Conclusions Serum containing

FZKAD can inhibit the proliferation of human ovarian cancer HO-8910PM cells, related to the induction of apoptosis and

cell cycle arrest.
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Fuzheng kangai decoction; ovarian carcinoma; proliferation; apoptosis; cell cycle progression
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M, 4 — 25 BB FZKAD 3657 IR 5898 19 2T HIL ]

1 #RF7E

1.1 SEIH#
1.1.1 sCxshd
HEPE SD KRR, TH 9,40 H,6~8 JAl#%, (K E

200~220 g, L TR A A W H AR B A BRZN F) $43t
[ SCXK (11)2020-0002 ] ; ScH s #7631 T BE 25k
SESISEY R SR [ SYXK (AT) 2019-0004 ], 1R 5%
FIRE R 50% ~60% , BN (23+2)C, A kK
FIFEE 12 h ERERI 12 h BEASBIEIR, AP
I BR 25 R % SE 56 o ) 10 B 2 B & it fE
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1.3. 1 SIME 5

S8 SCHR" T B O ik T 2 2 790 AR 4% 2
H,SD KB 40 H B AL 7 A % B4 2 FZKAD ik
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41,820 10 2 HEE 425 (AR 1 mL/100 g, 4
BRI, T do RIRGAEHRIG 2 h, CEEFR
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Wi MTT S2E kI T FZKAD & 25 1f 1 40 38 HO-
8910PM #fifi] 24 .48 K 72 h 5 WTEIR &, 45 Rk
L, 5500 BRZH b BRAG PRl s 2 AL 3T 24 b S5 B 4
JLAFE 2T i 2 P AR AP (P>0. 05) |, HAR 45 b 2
24 .48 J 72 h Ji5 B A0 BEAETE S W R AR (P <
0.05 5 P<0.01) ., 45HWFE 1,

2.1.2 SHMMFREIL R T)

ARG — 38 o V- AR o BT 1 S5 g A T T
HO-8910PM #fi il 8 A [ 5 5t 1) FZKAD 5 24 1fiL 375 &b
M4 d JE WS RETE B T, 45 AR R I, W R4 K
FZKAD A% v 5770 a2 41 1 400 i o 2 O B RE 1 4093l
4 100. 00% . (59. 12+8.63) % . (39. 89+6.58) % Fll

(26.95+4.24) % , 4557 i 21 5 0 R 41 oA 35 W 2 e
fl(P<0.01), Z5RWAE 1,
2.2 FZKAD £7Z5MF 3t A I & & HO-8910PM
b R 0b=A
2.2.1 FHHMMPPHT R I

YA T2 B B0 AT DL S O A, AR 5
Wit Annexin V-FITC/PI A% vk i 2 40 M A AG I 1T
FZKAD 5 25 I 75 40 8 HO-8910PM 4l il 48 h ()
TR, B2 25 R LB, KRR K FZKAD ik &7
A AR T3 3 000 Ry (4. 37+0.55) % (17. 56+
2.48) % . (25.23+4.34) %M1 (41.79+5.16) % , %55
T2 50 IR LA B N (P<0. 01)

T BHMMIFERLE (x+s,n=3)

Table 1 Comparison of cell survival rate in each group

ol AT (%)
i Cell survival rate
Groups
24 h 48 h 72 h
Xt R4
. THAL 100. 00 100. 00 100. 00
Control group
FZKAD {I&550 £ 20 .
.01+£3. * -
Low-dose FZKAD group 97.01+3. 56 89.57+4.74 83.19+5. 66
FZKAD i3 i 41 . .
95.69+4. 13 - -
Medium-dose FZKAD group + 77.08+5. 82 60. 82+7. 38
FZKAD 55241 . -
87.93+6.37 62.54+3.29 44.76+4.70

High-dose FZKAD group

TE: S IR LLEE, © P<0.05, ™ P<0.01,
Note. Compared with the control group, * P<0.05, ™ P<0.01.

BT P e BT S A I 2% 4 A0 e T

Figure 1 Cell clone formation ability of each group detected by plane clone formation experiment

2 Annexin V-FITC/PT BURE i AN NLA KTl 4 21 400 I 755
Figure 2 Cell apoptosis rate determined by flow cytometry using Annexin V-FITC/PI double staining
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2.2.2 ST R SR A KT g

P53 HE 11} Bel-2 Z5 & FR DL e M T 1)
Z M4y A WE Y I8 3 Western blot 35 £ ] T
FZKAD £ 24 1fil ¥ 4b B2 HO-8910PM 4l Jfd 48 h )5
P53 . Bel-2 J¢ Bax # FI R K KW, 45 R &k,
FZKAD ik . 4] P53 % Bax & A £ kK F
Hn, i Bel-2 8K R IR KO FRAK, 5% A g,
ZREAG T L (P<0.05 8] P<0.01), 45
WIE 3 K32,
2.3 FZKAD £Z5M &>t A P & & HO-8910PM
£ Fn & 5 3 F2 A9 22 M
2.3.1 #5420 R AR L

20 i S SO R A7 BEL AT A o R T, 0k o S e 4m
b M, AN A PT B i 3t X4 A AS
T FZKAD & 25 1034 4L ¥ HO-8910PM 4 fifl 48 h J5
R RIIAERE . S5 LB, S5 X R4 8, FZKAD i |
W E A G /G, BN E 4 EL RGN (P<0. 05 5%
P<0.01) 1M S 8 % G,/M 140 g 77 43 L FEAR ( P<
0.05 5 P<0.01) , RIMH A K G,/CG, WIBHHE
. &R 0LE 4 )33,

2.3.2 A AANHE RN R A DGR 1 IR KOF H A

il 1 Western blot 3K T FZKAD 7 24 I35 4k
H HO-8910PM 411l 48 h J 41 i J& 11 A 405G 26 1
FIRK, G5B KB, 5 X B4 4, FZKAD 1%,
v AR S AN R B R A DG EE 4 Cyelin DI,
CDK4 J CDK6 ik /K3 i 2 FE A (P<0.01) , H.
ZAEHHA BRI SR e, S5 R ILE 5 K&
24,

B 3 Western blot Al 441 41 /i
P53 Bel-2 K Bax 8 [k 7KF
Figure 3 Protein expression levels of P53, Bel-2 and

Bax in each group detected by Western blot

R2 KA P53 Bel-2 K Bax HAFIAAKF L (z4s,n=3)

Table 2 Comparison of P53, Bcl-2 and Bax protein expression levels in each group

2151 Groups P53/B-actin Bel-2/B-actin Bax/B-actin
i B 4
XiRa 0.08x0. 01 0.63+0. 04 0.23+0.02
Control group
FZKAD fERI R4 0.15+0.02™ 0.36+0.04 ™ 0.26+0.03 "
Low-dose FZKAD group D - 20%D: - 20%0-
FZKAD H &2 o . -
Medium-dose FZKAD group 0.27+0.02 0.30=+0. 03 0.41+0.03
FZKAD Bl 0.44+0.05™ 0.25+0.02™ 0.52+0.06 ™
High-dose FZKAD group D, P P25l
T SR, © P<0.05, ™ P<0.01,
Note. Compared with the control group, *“ P<0.05, ™ P<0.01.

B4 PTG A AR I 25 2 290t J) S0 2t 7

Figure 4 Cell cycle process determined by flow cytometry using PI single staining
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RT3 KA GG, B SN G, /M BTH 3 (x2s,n=3)
Table 3  Cell percentage of G,/G,, S and G,/M stages in each group

2H 3] Groups Go/Gy W Gy/G, stage SIS stage G,/M ] G,/ M stage
X HEZH Control group 43.26+3.24 23.19+3.13 33.25+4.53
FZKAD fXHI 4 Low-dose FZKAD group 49.51+6.41" 20.87+2.71° 28.08+2.26™
FZKAD 3544 Medium-dose FZKAD group 67.78+8.75** 16.22+1.94 * 14.86+2. 11 ™
FZKAD #5741 High-dose FZKAD group 82.17+7.10* 9.47+1.46™ 7.72+0.97 ™

T SXTRALEEE, * P<0.05, ™ P<0.01,
Note. Compared with the control group, * P<0.05, ™ P<0.01.

R4 B Cyclin D1 .CDK4 } CDK6 & 125K L# (3% s,n=3)
Table 4 Comparison of Cyclin D1, CDK4 and CDK6 protein expression levels in each group

ZH 5] Groups Cyclin D1/B-actin CDK4/B-actin CDK6/B-actin

Xf HRZ Control group 0.78+0. 08 0. 64+0. 05 0.92+0. 08
FZKAD i35 4 Low-dose FZKAD group 0.59+0. 06 ** 0. 48+0. 04 ** 0.71+0. 08 **
FZKAD H#| 4] Medium-dose FZKAD group 0.25+0.02** 0.36+0. 03 ** 0.27+0. 03 ™
FZKAD 5574 High-dose FZKAD group 0.10+0.02 ™ 0.29+0.03 ™ 0.09+0.01 ™

T SXH A HgR, ™ P<0.01,
Note. Compared with the control group, ™ P<0. 01.

B 5 Western blot JEHZM 4 ZH AL Cyclin D1
CDK4 & CDK6 & H #ik/KF

Figure 5 Protein expression levels of Cyclin D1,
CDK4 and CDKG6 in each group detected by Western blot

3 it

FZKAD A i AAE R B U 30 07, A7 %
Tt R A S8R T . FZKAD EAT $R IEREAR
ffBETH I AL, AN A TR, AT AN IE R
PABRAR , o HGE F T IR 5 A R, BENCE LR
RO AN R Ry /b AR s 2 B 2 0 9 3R W 4K OE
U RE A 0 3 i AR Y g 1, DR AR T I
BERIVER , 1 HL 0T LLBH 2 08 e i R 5 BB 1
AR FZKAD BLEL )32 1 T ik Ak
JPIRTT 45 2R G0 R 1) 5, e R R i 251
A H FZKAD & 251135 40 1 HO-8910PM 4 il f5
KRB, 5T R LA BRI h Rl s AR B 24 h JE Y
AT R TG 0 BRSO, LA 25 4 b 3 24 48
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CKD 41 4-HNE # H R E W B 1IN, GPX4 # H R IEW B8P, Western blot 45 7, 5 Con 414H 1, CKD 4119
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Changes of ferroptosis-related factors in a rat model of adenine-induced
chronic Kidney disease

LIU Yigin'*?, ZHU Tingting "**, MAO Haixia'**, KANG Ting '**, ZHANG Liling ">,
WU Weihua "*?* , OU Santao'"***
(1. Department of Nephrology, Affiliated Hospital of Southwest Medical University, Luzhou 646000, China.
2. Sichuan Clinical Research Center for Nephropathy, Luzhou 646000. 3. Sichuan Key Laboratory of Metabolic
Vascular Diseases, Luzhou 646000)

[ Abstract]  Objective To observe expression of ferroptosis-related factors in an adenine-induced chronic kidney
disease model, and investigate the mechanism of ferroptosis in the pathological process of chronic kidney disease. Methods

Twenty rats were randomly divided into a control group (Con) and model group (CKD). The CKD model was established
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by 2. 5% adenine gavage. All rats were sacrificed after 6 weeks. Blood samples were collected to measure serum urea
nitrogen (BUN) and serum creatinine (Scr). HE staining was performed to observe renal pathological changes. Masson
staining was performed to observe interstitial fibrosis of renal tubules. Iron, malondialdehyde ( MDA), and glutathione
(GSH) concentrations were measured. Western blot was performed to detect the protein expression of iron ferroptosis-
related proteins including systemic X" subunit SLC7A11, peroxidase 4 ( GPX4), and iron metabolism-related proteins
including transferrin receptor 1 (TFR-1), ferritin heavy chain (FTH), ferritin light chain (FTL), and membrane iron
transporter protein (FPN). Correlations between iron, MDA and GSH levels and interstitial renal fibrosis were analyzed.
Results Compared with the Con group, serum urea nitrogen and serum creatinine were significantly increased in the CKD
group (P<0.05). HE and Masson staining showed significant tubular dilatation and interstitial fibrosis. Iron and MDA
concentrations were significantly increased ( P<0.05) , and the GSH concentration was significantly decreased ( P<0.05).
Immunohistochemistry showed that, 4-HNE protein expression was significantly increased and GPX4 protein expression was
significantly decreased in the CKD group compared with the Con group. Western blot showed that SLC7A11, GPX4, TFR-
1, and FPN protein expression was significantly decreased, while FTH and FTL expression was significantly increased
compared with the Con group. Correlation analysis indicated that iron and MDA concentrations were positively correlated to
the relative area (%) of renal fibrosis, and the GSH concentration was negatively correlated with them. Conclusions
Ferroptosis is present in the adenine-induced CKD rat model and may be involved in renal fibrosis progression in CKD via
the GSH-GPX4 axis.

[ Keywords] chronic kidney disease; ferroptosis; fibrosis
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1.4 FitFEHZE

G127 43 M4l ] GraphPad Prism 9. 0 244,
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A ¢ K5, PAY (8] A O 43 M1 H Pearson K56, LA
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2 #HR
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SCr) ¥ 7+ i85 (P<0.001) , LK 1,

T SRR, ™ P<0.001,
B R R A UK
Note. Compared with the Con group, *** P<0. 001.
Figure 1 The level of blood urea nitrogen and

serum creatinine
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2.2 MAXKRSRENE

HE YL a5 5 B 7%, Con 4B /NER /NG I 15
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B /NG AT DL IR Tk A8 I N AT DL A A TR
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(] 53 B SR A AE DO IR 2 3 i ( P<0. 001) . LI 2,
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e SXT AL, ™ P<0.001,

(P<0.001), WK 3,
2.4 WAKAREHEL GPX4 71 4-HNE £EHK
ZR

g ik 45 R s, 5 Con 4HAH L, CKD 4
GPX4 & A #3511 s/ (P<0.01) , 1 4-HNE ik
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2.5 WAKXREHELA SLCTALL 71 GPX4 Western
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Western blot A&l 45 5 i 7~ , 5 Con 4 AH Lk,
CKD 0 K BB 24040 SLCTALL .GPX4 F H ik 1
S (P<0. 01), WIS,

2 HE Fll Masson 4% {045 5F

Note. Compared with the Con group, ™ P<0. 001.

Figure 2 The result of HE and Masson staining

HSXTRAAEEE, ™ P<0.001,

B3 k& HE MDA Fil GSH &=

Note. Compared with the Con group, ™ P<0. 001.

Figure 3 The concentration of iron, MDA and GSH
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0 HXHBAAHL, ¥ P<0.01, ™ P<0.001,

4 GPX4 Fl 4-HNE Hug b s 3
Note. Compared with the Con group, ™ P<0.01, ™ P<0.001.
Figure 4 Immunohistochemical results of GPX4 and 4-HNE

L SXHRAME, ** P<0.01, *** P<0.001,

5 SLC7A11 Fl GPX4 & 355K

Note. Compared with the Con group, ** P<0.01, ™ P<0.001.

Figure 5 The protein expression level of SLC7A11 and GPX4
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W SXF R4, * P<0.05, ™ P<0.01,

6 BRACHAISCHE AR

Note. Compared with the Con group, * P<0.05, ™ P<0.01.

Figure 6 The expression level of iron metabolism-related protein
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Figure 7 Correlation analysis
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Hehn, 4-HNE 2 f5 B i S| AL & 7= Y 2 — i
GPX4 VE R —Fh 15 2R AE T 1% SCE IE A, 78 CKD K
FUNE I FRIRI R > X RAGIET- T RES 5 T
R IAF S CKD B 2F 4k i
AW ES T PR EEZEH, 0
Wl ARG X (system X, xCT) A4 36 P 2 38 o 30 1 e
KRR GSH A1, T 808 BEH R 4
AR PR AR, A i b A AL BB 1 T B, g T ROS
R &Rk A Mgt hTit—



P P A R A5 2023 4E 7 ASE 33 455 7 ] Chin J Comp Med, July 2023, Vol. 33,No. 7 91

PRV CKD K BB kB0 T 1% A AR BILT, AT oA
TSP GSH &5 GPX4 1E R IA N, 45
A CKD 41 GSH & HFEAIL, GPX4 & 1Rk FE
i SLCTA11 J& xCT HriW§% s b AL | 2 kAt
T EEAREY Y . SLCTALL i 33k 7] i B &
GSH 7K - I sk 55 A B ok 404k, A T Pk 522 40 i 3
JpSL L FRAiTaE— 2B AE CKD K BB 2H 21 b G ) )
SLCTALL & & W E AL, 25 b #9R7E CKD K
U T xCT Z 230, GSH 5 GPX4 Fik T,
AIRE BT HA BT A ARE 1055 | BB BRI,

CKD H A AT AR H A 2 A R AR kA
TR ARB K IER BN, AR A FRER
SRIMT, 7 CKD B, k%% 128 B 1 AR DA BBk 2 11 Fn e
BB A P A B TE AR U i 2
FNEAR R AR R A DTS BT I AR
b, SR 7 B3 A 5 kAR AR
KM ER TR TR AR TR IR R, 455 & 8L, CKD
24 TFR-1 1 FPN £ 13RI FE{IK, FTH \FTL ik W]
BIE, X5 Wang A —3, WREEm T
CKD B, FPN 350 T, N e ok e, 51
R B 3G, B A T e Y AR A KT
TFR-1 25 (A T 18, 20 i 57 3838 n 2k 6 77 8 FTH
FTL 9335, DI i B ek i Ae R 4R fa s

ZE LR TR BRI S CKD AR A7 e 4k
DUBURIRG Bt Ak B9 Bk A TR e M 2 8, HL 7T g
it GSH-GPX4 %125 CKD "B £F 4 fb iy & 4= %
JESE I BF 5% RT A 40 B K SF HE— 25 56 E, I B
ferrostatin-1 il liproxstatin-1 5k 58 T~ 400 il 5 #:47 T
i, LA SR CKD "B 27 2 AL B 3 i A48 7 05, 41 ol
BRAET- B2 1AYT CKD A Hi 5 A SR
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SIER AR, MIA ZHA00E55 /7 MEG3 .COL2A1 mRNA ACAN mRNA F1 p-PI3K/PI3K .p-AKT/AKT .BCL-2 & 17K -
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[ Abstract]  Objective

To explore the effect of Rehmannia glutinosa polysaccharide (RGP) on apoptosis of

osteoarthritis (OA) chondrocytes induced by sodium iodoacetate ( MIA) via the regulation of long-chain non-coding RNA

(IncRNA) maternal expression gene 3 (MEG3). Methods

Rat chondrocytes were cultured with MIA 0, 1, 2, 4, and 8

pmol/L to induce chondrocyte injury, and were then treated with RGP 50, 100, 200, 400, and 800 mg/mL, respectively,

to detect the appropriate experimental concentration. Rats were divided into a normal group, MIA group, RGP group, RGP

+control (NC) small interfering RNA (siRNA) group, and RGP +si-MEG3 group. Cell viability was detected by Cell

Counting Kit-8 (CCK-8) assay and apoptosis was detected by Hoechst 33258 staining and flow cytometry. mRNA levels of
MEG3, metalloproteinase 13 (MMP-13), type I collagen-al (COL2A1), and proteoglycan (ACAN) were detected by

real-time quantitative polymerase chain reaction. Protein levels of PI3K, phospho (p) PI3K, serine/threonine kinase

(AKT), p-AKT, BAX, BCL-2, and caspase3 were detected by Western blot. Results

MIA decreased chondrocyte

viability and induced apoptosis in a dose-dependent manner, decreased MEG3, COL2A1, and ACAN mRNA levels, and
increased MMP-13 mRNA levels (P<0.05). RGP 100, 200, 400, and 800 mg/mL increased chondrocyte viability and
MEG3 levels (P<0.05). Cell viability, MEG3, COL2A1, and ACAN mRNA, and p-PI3K/PI3K, p-AKT/AKT, and

BCL-2 protein levels were decreased in the MIA group compared with the control group, while the apoptosis rate, MMP-13
mRNA, and BAX and caspase3 protein levels were increased (P<0.05). Cell viability, MEG3, COL2A1, and ACAN
mRNA, and p-PI3K/PI3K, P-AKT/AKT, and BCL-2 protein levels were increased in the RGP group compared with the
MIA group, while the apoptosis rate, MMP-13 mRNA, and BAX and caspase3 protein levels were decreased (P<0.05).

Knockdown of MEG3 weakened the protective effect of RGP on MIA-induced chondrocyte injury. Conclusions RGP can

promote the synthesis of chondrocyte extracellular matrix and inhibit cell apoptosis and MIA-induced chondrocyte damage,

possibly acting via a mechanism related to the up-regulation of MEG3 expression and induction of PI3K/AKT pathway

activation.
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Rehmannia glutinosa polysaccharide; long non-coding RNA; maternally expressed gene 3;
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E R A AE BB R R (osteoarthritis, OA) &
A Y E B AR S R I — 20 i R A — B
PRAT = E BT, DK B4 B P A 2218, B0 s
Az MR OAN B I, S AR 40 Y DR B B 3
OA WHEZE iR A2 ., HHET, OA MIRYT, JLH AR 14
PR AR RCRAE, IF B 5 B i i A i
R EAR RN A XD, I, A h 257
KERT7 ) J 356 e L o3 5 ik 2B 440 R 4 0 v
%R,

FERIRYT OA A EISAR I L, b B & —Fh
TEIRYT OA W 2505 5 ClnA7 VA AL ) vl iz fif
FRYAEGE b 24 BAT AN S BH L SE0RS £ 86 19 Dh
Hof 2 Hb ¥ £ BE ( Rehmannia  glutinosa
polysaccharide , RGP ) & H FF i /r 2 — , AMUEFH
L B SR LR S A 3 BA 1 4
EANM P TR X T oA -
SR, SCT RGP R4 4B 20 4t A e B B 9 fef A
ik B, WK W os, BE g OB UL B O3 MG
( phosphoinositide-3-kinase , PI3K ) / 22/ 75 %, IR 184 1§
( serine/threonine kinase , AKT) ifi % 7] fiE J& RGP &
% OA MFEAIHE A . PI3K/AKT 3 B % T 401 41

Ji AR R BT A T LA B B S o 0 A L B
AT

C A B 5% & LK 55 3F % #% RNA (long non-
coding RNA, IncRNA ) £} & 3 35 3£ [H 3 ( maternally
expressed gene 3,MEG3) 7E OA H{IRZR1E , 521 4 iy
WG T2, S OA By T 2253 T HUAR™  iE b,
IncRNA MEG3 #4218 7] i i #0905 PI3K/AKT i %
B G A BRE E A 28 T 40 LS 7 1 40 248 e O
721, %W IncRNA MEG3 A4 # PI3K/AKT i [
MG, BT LA EAESE, 2B HED RGP 4% PI3K/
AKT B EEZ 0 OA HEJ& 1 737 HL 7] AES IncRNA
MEG3 1 K, W I, A #F 58 2k it & 7R #h
( monosodium iodoacetate , MIA ) 75 5 4% & 41 Jit 7 7.
OA 4 Ji #5 A1 5 3 fiff F RT-qPCR, CCK-8 7%,
Hoechst 33258 H (f | i 3 20 il A 2 85 1 4 732 B 3k
(Western blot) #£ 5% RGP X HCE 41 I 61 455 14 52 )
IR HALH

1 #RFFE

1.1 SEISzh
5 HE R SD KB B b 50 4 i A 48 [ SCXK
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(51)2021-0011],SPF 2%, #fik | 6 JE#E , /A 200 ~
220 g, TEMRFE (24+1)°C MIBE (50+5) % 254 T 1
F¢, EWIEXIAEE, H ORI S, B SE4 12 h,
BT d, TR P ERE[ SYXK () 2021 -
00187, ARSI jE 44 v 22 e 2 P 1 38 2 01 254t
#E ( PZ-HNSZYY-2021-050 ) , ¥ & S£ 86 sh ¥ 3R
JEI,
1.2 FELF S50

RGP (BEVY 28 2 A= W) H R A7 FR > ), 46 B >
90% ) ; MIA ( 32 [ Sigma 2\ F], $7%5; 57858-5G-F) ;
MR T357) & (Hoechst 44 0, IR ZE T A YR
HAMRAT, 55 :63680) ; 51908 A A TEY
TR R T si-NC | si-MEG3 /1) M i 24 A
RS H14 L — T PI3K  p-PI3K ,AKT . p-AKT BAX |
BCL-2 ,caspase3 &9t Il B85 H ST S AREN
(e abcam 2\ H, 5T 5 43 il . ab154598
ab131067, ab38449 . ab8805. abh32503. ah32370.
ab179517 K ab34712) . DMil 18] & FH 2= 0 i e (2
[ Leica 2V H]) 3 SEA 2 E £ PCR X (S R FHAE
YRGS A, BS . StepOne TM) 5 I 2040 AL (52 [H
D158 & IR R A, 05 CytoFLEX ) 5 25 FH B i A
1G4 ( EFEITERR KR A A, 5 . E-Gel Imager) .
1.3 XWHE
1.3, 1 &R RS 4

R R A B O 2 2% Scik Y AR B, TG R
FRAE W T FRUNUIM R 6 747 1% B 1 B i B P a2 B 4
H I, HFARBPEHCE BT (1 mm®) |, THAL G 15
YA E, FH 7 20% BG4 138 A1 100 U/mlL 75 4% 55
1% DMEM/F-12 535 d B B e 255 2~
3R, TR S5
1.3.2 FCE A %

FEAR) B A 22 0 UBE N B TR BE 3% H AR [
A AR 4 MR A D F AR R . I T 2 i
T REH LU 2 S e 5 2 AR A0 B 5 2 AR
£ 60 (38 A0 L BB BE R 5% 10%/mL) HE A 6 FLAR
T TCE FDE 52 3% A o K 6 LR (2 mL K5/
£L) H RO AR B 5 48 h, 4% 22 5 W a5 UL I E
10~20 min,PBS #{k 2 K, 5K 5 min, $X )5 BEHLST
IV B AN BA 2 5 BEPEZH R 100 L $ip 11 7Y
JBE IR 1 1 R 22 e REpLR (R BERE 1 2 200) 403, B
PEZL 100 pl PBS AbBE, FHLHINTE 4°C FIFHE o
®., WEE,7E37°CTF ,HPu(FRBE 1 : 200) 4b
1 hfdH DAB R &, A IR AR Y 2

1 min, 7K BB, 780628 G T WA
A R 4 4 L ) 4 £ T O
1.3.3  MIA 5 S 7 R 20 i i A A 7

HUER 2 ARHRCE 2, & W B2 3% 10°/mL 1Y
YR, T VAL 100 pL AR TR ZE 96 FLAR
v dHMEIG REJS S AN RV E MIA(0,1.,2.4 .8
pmol/L) ARG FE FALFE 24 h, SRIG A CCK-8 AW
(10 wL) M8 2 h, BEbR ORI 4 £L %% BE (optical
density , OD) E, ¥J7F 450 nm &b, 41 fg A0 X6 71 Ry 52
el 5 IEH 4 OD {H2Z L,

1.3.4  Jpefl Beft g

SIS Ay M IEH 4L MIA 4 .50 mg/mL RGP 41 |
100 mg/mL RGP 4 200 mg/mL RGP 4 400 mg/mL
RGP 41,800 mg/mL RGP 4, E 4 E T 96 fL
M, IE #2405 10% i 4F 17 19 DMEM/F-12 #5357
WOE R 5535 R B INZH Bl 4 wmol/L MIA
A3 24 b 50 mg/mL RGP #1100 mg/mL RGP
4 .200 mg/mL RGP #H 400 mg/mL RGP #H . 800
mg/mL RGP 45351 53 S IR B2 Ve B RGP, 15 3% 24
h, BE#E 200 mg/mL RGP 4ibAT /R8540 . IEH 4
MIA 41 . RGP 4H (200 mg/mL RGP) RGP +si-NC 2H
(200 mg/mL RGP +si-NC) RGP +si-MEG3 (200 mg/
mL RGP +si-MEG3 ) 2, RGP +si-NC 4. RGP + si-
MEG3 4 %% Jii 200 mg/mL RGP & fit b FH
Lipofectamine 2000 43 5| 7% 4% si-NC . si-MEG3, }i#
24 h JE WSS A MR A T S 2 S
1.3.5 CCK-8 ¥aiill RGP X 41 3% 77 i 5 i)

W 2 3 b P 2% 2HL B 2 MR A AE 96 FLAR
ACBRIA] 1. 3. 3 20 LA A 7 ik
1.3.6 Hoechst 33258 4 {f,

EH2H MIA 41 RGP 41 RGP +si-NC 4 RGP+
si-MEG3 141 i & F 6 fLik AL 2E 24 h, S5 41 il
P &5 (Hoechst Y& () U B 45 7574, A€ F-
28081 \Hoechst Y B YL 4,,0. 9% NaCl P& Fr, 740
[ EIR D E Wi ES i S X R O] S
350 nm  ZHE K 460 nm T WES, A% B 6 B
TRFHHLILEE 3 AT
1.3.7 RS an B AR A A0 A 8 71

WEHET 6 fL T AL 24 h,# 8 Annexin
V-FITC/PT 20 I8 T A0 & e B 45, AR FL 1x10°
AR, 28 0. 25% B8 1 I Ak | W R 42 vl IR Ok
JE B0 5 min, 1000 r/min, Y5 40 il i A Binding
Buffer 277 408 (500 wL) , 5K A Annexin V-
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FITC 5 wL P15 pL iRE%4], RN 5~ 15 min (2 i ik
J) ,IFAE 1 h AN AH M T R LA )
1.3.8 RT-qPCR il 4ufitirh MEG3 4 & 11 i 13
(MMP-13) | Il B L ol ( COL2A1) Fl#E 11 5 bl
(ACAN) mRNA /K-

WA 2ot A BHE 1Y) 45 AL KR AL, VR I TR1zol 3
F,$EHUR RNA J5 4 1 cDNA, 7F RT-qPCR X | ik
P985, 20 L EAEARR . 2xMix 10 wL,ddH,0 8.0
pL 50 ng/pL ¢DNA 1 uL. B/ FHE51% (¥4 10
pmol/L) £ 0.5 pl, ¥ KW 214 H:95C .60 s,
95%C 35 5,61%C .40 s,40 MEH ., MEG3 .MMP-13 ,
COL2A1 Fl ACAN mRNA 3 ik K F-#E47 % & 43 #r,
2B, SIS 1,

£1 5WFY

Table 1 Primer sequences

FEH Genes J¥% Primer sequences
p— F.5’ -TTGCAACCCTCCTGGAATAG-3’
) R:5’ -AGTCTTGGGTCCAGCATGTC-3’
ACAN F:5’-GCAGACCAGGAGGATGTGAGG-3’
R:5’ -GTTGACAAACTCCTGCTCCTCG-3’
F.5’-GCTCCCAGAACATCACCTACCA-3’
COIL2A1
R:5’-ACCTGCTATTGCCCTCTGCC-3’
F:5" -ATTAAGGAGCATGGCGACTTCT-3’
MMP-13
R:5’-CCCAGGAGGAAAAGCATGAG-3’
. F.5’-CACCCGCGAGTACAACCTTC-3’
B-actin

R:5’-GTCATCCATGGCGAACTGGT-3’

1.3.9 Western blot £ 28 ifd 7 25 (1 ik 7K F

B MIEE T 6 fLikh b3 24 h, BEIR 2% Ml
THVRAIAE, VK b 2% 10 min J5 250 20 min, 12 000
v/min, FIE NS, B FWE SR BCA &, &
fLEAE 20 pg, BERCHLIK 73 B ER 11 PVDF JBEFE L
JEW K (5%) W& 2 h, I\ =\, 200 A —¥t
PI3K(1 : 1000) .p-PI3K(1 : 1000) ,AKT(1 : 500) .
p-AKT(1 : 500) ,BAX (1 : 1000) . BCL-2 (1 :
1000) .caspase3(1 : 1000) ,B-actin(1 : 2000) , 55
B (4C) s AR —HL (1 : 2000) BFE 1 h( =
) o ECL 523 F 8 FEE R g m B4
1.4 Zit=EFHiE

BARSHT I SPSS 24 | 3B I SE 28 Aw
EZE (x5 ) Ko, Z AR AR R Jy 22530 Hr , 20 18] 5
Fb# SNK-g K560, P <0.05, W b 22 54 4 it 2

2 #HR

2.1 EEXRHREHME

fRE A 22 0 B S OER B, 5555 0 d R G
TECH MR ERIE S B AR R SR A (K 1A)
g% 2 d I, KER S i M B R 35 50 RS
W(EB) . 28 1 ARHEE 2 ARACE M ZE B 3% 2 d
JEIES R FEIE S IRDE A8k (K 1C.1D) . BE A

T ACHFR O d MECEAIME ; B 1557 2 d A9 AL ; C FCRr I TE 1| AR 5557 2 ds D B A7 2 IRFAUR Bi5R 2 d B F: a1 RUK
I G e A A S B AN, B35 2 Q200 M 4 200 M S e e i (5, BR X IR A A B (2

Bl REEHE

20 ) M

Note. A, Chondrocytes cultured for 0 d. B, Chondrocytes cultured for 2 d. C, Chondrocytes were cultured for 2 d after one passage. D, Chondrocytes

were cultured for 2 d after two passages. E/F, Chondrocytes were identified by type II collagen immunohistochemistry, cytoplasm of positive 2nd

generation chondrocytes was stained brown, negative control cells were not stained.

Figure 1 Identification of rat chondrocytes
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ZE WA, BH P 2 AN i i o 2 A A L (A
LE) |, T BF 1 20 40 B &4 H 1) 48 B B R e £ (81 1F)
Ela?ﬂ% 2 AR BT 4 2 S S ) S P
AMFEE R E A, HIH TR 2,
2.2 MIA FEHNREHEMRGRENEE

5 0 pmol/L MIA A AHL,2.4 8 wmol/L MIA
HRCH AN MG 1 . MEG3 FlI COL2A1 mRNA | ACAN
mRNA ZKFFEAE, T3 . MMP-13 mRNA 7K T
(P<0.05), H 2R Sl rE (Bl 2, % 2), Hri 4
pumol/ L MIA XoJ B 240 it 7 3 1 400 44 V6 FH 42 30 2= 8K
e B R 4 wmol/L MIA HEFTJE 4525

2.3 A[ERE RGP X5 & 4 iE 71 % MEG3 7k
g b A

MIA 2 F 15 L 4IRS 1 B MEG3 7K F-F
iR (P<0.05) ;55 MIA 4141, 100,200,400 ,800 mg/
mL RGP 44035 J1 &% MEG3 /K- T+ ( P<0.05) ;
H 200 mg/mL RGP 2,400 mg/mL RGP 2 F1 800
mg/ml RGP 414175 71 &% MEG3 /K-F453T , % 5% 6
St L (P>0.05) , WL 3, #EEHE 200 mg/mL
RGP #1752t 5% .
2.4 RGP X EHIEE SR

55 0F % 4140 b, MIA 41 40 B 3% ST BRI (P <

B2 HesdE Tl R AHAR)
Figure 2 Apoptosis of chondrocytes( flow cytometry)

K2 AFHREE MIA FE T 0B 40005 1 A0 7% S mRNA JKF- EE# (2+s,n=6)

Table 2 Comparison of chondrocyte viability, apoptosis rate and mRNA levels under different concentrations of MIA

MIA YIS Iy IHITAT- % (%)

MEG3 MMP-13 mRNA  COL2A1 mRNA ACAN mRNA
(pwmol/L) Cell viability Cell apoptosis rate - - -
0 1. 00+0. 08 3.58+0. 51 1.01+0. 10 0.99+0. 11 1. 00+0. 09 1. 02+0. 12
1 0.90+0. 09 * 6.12+0.67 " 0.90+0. 08 * 1.2410.13" 0.85+0. 08 * 0.79+0.09 *
2 0.72+0.07 ** 12. 30+0. 89 ** 0.52+0.07" 1.59+0.16* 0.67+0.07 " 0.55+0.07 "
4 0.54+0.06 *** 22.79+1. 14 %4 0.37+0.05** 1.82+0. 18 ** 0.42+0.05** 0.31+0.04**
8 0.36+0.05 “#44 25.08+1.26#44 0.21+0.04**44  2.03£0.19**24  0.30+0.04 %44 0.20£0.03 **~4

1.5 0 wmol/L MIA AHAHLL,
<0.05,
Note. Compared with 0 pmol/L MIA group,

0.05. Compared with 4 wmol/L MIA group, A P<0.05.

*P<0.05; 5 1 pmol/L MIA 4141, #P<0.05;5 2 wmol/L MIA 414 L, © P<0.05; 5 4 wmol/L MIA 41401, 4P

* P<0.05. Compared with 1 wmol/L MIA group, *P<0.05. Compared with 2 pmol/L MIA group, “ P<

&3 AR RGP R T ANMLES Iy & MEG3 /KF-H 4L (s5,n=6)
Table 3 Comparison of cell viability and MEG3 level under different concentrations of RGP

20 Yok
o vty
1E% Normal 1. 01+0. 09 0.99+0. 11

MIA 0.57+0. 06 * 0.35+0. 04"
50 mg/mL RGP 0. 69+0. 07 * 0. 46+0. 05 *
100 mg/mlL RGP 0. 80+0. 06 ** 0.58+0.06 "

200 mg/mL RGP
400 mg/mL RGP
800 mg/mL RGP

0.91+0. 06 *#24
0.88+0. 08 “#24
0.87£0. 07 *#44

0.76+0. 08 *#24
0.79+0. 06 *#44
0.82+0. 05 “#44

" P<0.05; 5

H: HIEFHML,
Note. Compared with normal group,
with 100 mg/mL RGP group, 4 p<0.05.

5 MIA HAH I, *P<0.05;5 50 mg/mL RGP 4AHIL, © P<0.05;5 100 mg/mL RGP éﬂﬂ%lt 4 p<0.05,
* P<0.05. Compared with MIA group, *P<0.05. Compared with 50 mg/mL RGP group,

2 P<0. 05. Compared
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0.05) ;5 MIA ZHAH b, RGP 41 RGP +si-NC 41 4 Jify
6 11T (P<0.05) ;43515 RGP 41 . RGP+si-NC 41
FIEE, RGP +si-MEG3 20 21 Jifd A %F 3% 1 B AR (P <
0.05), W4,
2.5 RGP 31305 4 AR T B R0

Hoechst 33258 e 45 5L I 7R |, 1F F 41 20 B e
5] s MIA 21177 22 200 i L 00 200 60 A% 4% 4 ok 2247 30
% RGP 41 RGP +si-NC £H A] #4355 MIA 33
) 200 JH A%, 58 47 0 S A R 2 s RGP +si-MEG3 ZH 21 o #%
REAT MIA 4UF1 RGP gz fml, WA 3, i
JRIAAG I 25 5 8 7, 55 1E 5 41 AH B, MIA 2 200 Jifg 3
TR T E (P<0.05) ;5 MIA 414, RGP 41 . RGP+
si-NC 240 Jf 3 T2 %A (P<0.05) ; 4751 5 RGP
ZH RGP +si-NC 4 A I, RGP +si-MEG3 ZH 40 g ¥4 1
RIE(P<0.05), WK 4,% 4,
2.6 RGP ¥t 3 & 4 i@ # MEG3, MMP-13,
COL2A1 1 ACAN mRNA 7k 520

S5IEH A0, MIA 4L 408 h MEG3 . COL2A1
mRNA [ ACAN mRNA 7KF-FE{I%, MMP-13 mRNA 7K
TR (P<0.05) ;5 MIA 2 A, RGP 41 RGP +si-
NC 41 fii v MEG3 . COL2A1 mRNA ,ACAN mRNA
KT+, MMP-13 mRNA JKF-F%AK (P<0.05) ; 43
5 RGP 4 RGP +si-NC ZHAH Eb , RGP +si-MEG3 £H
M MEG3 ,COL2A1 mRNA ACAN mRNA 7K F-[%
I, MMP-13 mRNA 7KF-TF5 (P<0.05) , WL 5,
2.7 RGP X B4 A+ PI3K, p-PI3K, AKT, p-
AKT .BAX BCL-2 #1 caspase3 & B 7Kk F B0

SIER AU H, MIA 41401 p-PI3K/PI3K . p-
AKT/AKT BCL-2 £ 17K FF#{% (P<0.05) , BAX,
caspase3 fH FH/KFEFH & (P<0.05) ; 5 MIA dHAH L,
RGP 24 RGP +si-NC AH 40 iR H46 iR 0ok
AR (P<0.05) ; RGP +si-MEG3 4H 3% %
RGP 4 RGP +si-NC HHEH KT (P<0.05), WL
K6,

R4 5 AAMIARRE Ty AR T3 LB (245 ,n=6)

Table 4 Comparison of cell relative vitality and apoptosis rate in 5 groups

251 YA HfE T3 (%)
Group Cell viability Cell apoptosis rate
1EH# Normal 1. 000. 12 3.15+0. 31
MIA 0.55+0.07 34.15+6. 15"
RGP 0.87+0.09 ** 10.36+2. 15**
RGP+si-NC 0.85+0.08 ** 10. 42+2.09**
RGP+si-MEG3 0. 66+0. 07 “#44 23.47+3.207 %04

T HIERAML, ©P<0.05; 5 MIA 4L, *P<0.05;5 RGP 4IMLL, “P<0.05;5 RGP+si-NC 41HLk, *P<0.05,
Note. Compared with normal group, * P<0.05. Compared with MIA group, *P<0.05. Compared with RGP group, 4 P<0. 05. Compared with RGP +si-

NC group, * P<0.05.

3 5 AYNHIIET-1E 00 ( Hoechst 33258 Jefh)
Figure 3  Cell morphology of 5 groups (Hoechst 33258 staining)

B4 5HAEHTIKFE
Figure 4 Apoptosis level of 5 groups
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HEFIEWAMLL, " P<0.05;5 MIA 411, *P<0.05;5 RGP 41#fHL, “ P<0.05;5 RGP+si-NC 41HH, 4 P<0.05,
5 5 AU MEG3 /K- MMP-13 COL2A1 ACAN mRNA 7K b5
Note. Compared with normal group, * P<0.05. Compared with MIA group, *P<0. 05. Compared with RGP group, “ P<0.05. Compared with

RGP+si-NC group, * P<0.05.

Figure 5 Comparison of MEG3 level and MMP-13, COL2A1 and ACAN mRNA levels in 5 groups of cells

L SIERAMLE, ©P<0.05;5 MIA Z1HIE, *P<0.05;5 RGP 4L, “P<0.05;5 RGP+si-NC 41Ht, *P<0.05,
B 6 54uurf PI3K p-PI3K AKT . p-AKT .BAX BCL-2 Fll caspase3 & [ I5 560
Note. Compared with normal group, * P<0.05. Compared with MIA group, *P<0. 05. Compared with RGP group, 2 P<0. 05. Compared with RGP +si-

NC group, A p<0.05.

Figure 6 Expression of PI3K, p-PI3K, AKT, p-AKT, BAX, BCL-2 and caspase3 proteins in 5 groups of cells

3 Wit

FEIEHTEOLT , &7 #0H i i Jf 7= 55 34 i ik
SIS (R EE BT, BB AR T S S, ]
1% OA, OA 2 FEOCTKR ik A H 21 B
TG BT R R e R A T R T AR R, 4
A7 (TIL-1B, TNF-a ) . NO . GE 2 £ 385 310 i 5 ( 4
MIA ) 55 3 ] S 3008 40 M3 5 58 T s MIA fig il i
T 40 A e X T S B A i PR A 3R ORI T AT
T X BB P A 5 N OA (R BEARAEAR L, (RSP
FEUESE, MIA ] 2 {6 45 B 40 0 0 7~ 04 B 6 R b
fiet > AR R B, 4T R IRE E MIA 595,
R A X 3G 7 328 80T R 400 444 A a7 30 10
H ACAN F1 COL2A1 HJ ik K F-FEAK, MMP-13 3
KT, R RO B 4 e o B
A I AR 20 LA 5L BT ( ECM ) SR 4437 06 15 30, 11 7Y

JRE R (1 COL2A1 JE K 4 A% ) Al ACAN J2 67
BH ECM B EE MY . MMPs J2—2KZ 15 0A
HE R R (K A Bl v A2 S DR 1 I S A i o
AT IR A%, o MMP-13 78 OA # & it = 324k
P, Hod B Sk AT B R ECM & iR 4 i =2 1) i S
S DL AFSE R MIA AT B S T Rl A
OB AR AL, Hodh 4 wmol /L MIA X %5 B 40 3% /1
BRIV FH B P 5 ) ok B, PR % 4 umol/ L
MIA 7R 22555 45T RGP AbFEG | Bl % Hok &
T, HMLAE R TG 2 T, $E s RGP Al DL &
O TS 7, SR A A

UTAFE SR A 22 J R 2 Bl 2R 0T 90 3 W — Se oy S 1
JE4i# A% RNA (IncRNA/miRNA/ circRNA ) 35 (1 2028
AT S AILAAX 2550 ) I 7, 7= A 25 W67 SR 1 25
S, MEG3 1E R b #0 il N F 2 5 & Fiogs i & A=
H AT 6 R i i g T AR R, MEG3 1E
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OA BEF AL RARFR A, v] 8 o) 4% 17 R
FERACBREZ A S PRI IB T R, IF T
HEEME RS S oA WAL LR SR, &
AEEE RIS MEG3 4% OA ML %4 B, MEG3 fE
BEAEHE OA FRH 4 LG AE ) 40 M 96 T F0 ECM [
fift , TS BRXT BER f) , FEARBF TP, 44 T
AR B MIA 5505, 30CE 40 MEG3 2RIk DAk
FERCH 1 1) J7 R AR, B RGP J& MEG3 7K F
7, P78 RGP Al BEM i MEG3 52 Wi 1 40 it 184 7
AT ECM P 2,

PI3K HA JE 2SR A0 S 1, 1y H LA
PRI OE AKT b 22/ 55 S IR R Ak A 5, DT 98
20 A A R R TR G I R R i Y
ROFE PR TN 87 2208 B 45 W PI3K/ AKT 3 fif 4
SEPIE TR P8 BAX , caspase3, [ 1# BCL-2 AY 53k,
M TR YERE  MEG3 i I8 PI3K/
AKT 38 5% 5 i o 5 4 22 o0 8 T AR L bR
SIS R, 1AM AT S G B PI3K/ Akt i
PR HE R AL ECM & 10, W 6T el R AR
EH . FEASHIEFE H, OA BRI i o p-PI3K/PI3K
p-AKT/AKT BCL-2 # 17K F- W] & T %, 1l BAX |
caspase3 & /K2 A $2/8 MIA 531
BB 4 M08 T PIBK/AKT 38 B& 3 . 78
RGP J& , B 40 i 98 7200k B0 BH S ok 3%, 40 M b p-
PI3K/PI3K . p-AKT/AKT . BCL-2 & 1 /K F F &,
BAX | caspase3 & [ /K (&A%, H MEG3 . COL2A1
mRNA ACAN mRNA 7KF-F & , MMP-13 mRNA 7K
WA, 6B RGP W] F38 MEG3 263k, fi£ #F PI3K/ Akt
BT AL, FE 1 A FECE A ECM A AR, I 4
MIA 5 S CB ZHEME T,

T HRAIE RGP 27518 i MEG3 #4176 PI3K/ Akt
3 BT R A A AR AP VR T A E SR 7E 45 T RGP
SO PR LR T 2R /NG TR OR IR MEG3 3
kG R, BIK MEG3 5 808 4 il v p-PI3K/
PI3K . p-AKT/AKT, BCL-2 # [ /K *F il COL241
mRNA ACAN mRNA 7K 3 F&A , BAX | caspase3 H
JKEFT MMP-13 mRNA 7K T, 40 i 98 7 i i)
RGP X 20 M43 03 6 D 4V FH i ] 0 55 5 $0
RGP mI gl [ 8 MEG3 ik, 55 PI3K/AKT i
HEIEAL DR MIA 75 SR A

25 LTk RGP Al HEHCE A ECM & %, I
A0 T, DA MIA 35 S 10 301 40 i 0, 3
VEFIALHI T e 5 98 MEG3 235, #EMii%AS PI3K/

AKT MG A . AT RGP IRYT OA 241
—E MG . RGP 1 Sl 8 32 2oy, A b 2
RA TR, A R 4 e R BG4 AR S
MRS ML K- HEAT T R12BWETE, 76 AR K BIESE
B 255 R NBFE i — 2P Bk RGP AYFE FIALA

S 3k
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AR ,FRWL,REE S B HLAY

(1P ER MR EER, W] VM 646000;2. THEFERI K= BEE E2ZR 101 J5M 646000)

[HE] B8 HITEFEBOTE R RIAITSER AN, ik BV 22 KR %o 2 Al B |
PR (USSR BT BEIR ) S5 Bl Rl 6 (AT [ Hulth VA B G e OG5 SRR 5155 8 Jl )5 4524 4 .
KR LR T R W S5 DU B TR B, B 41 - 0 Y ()5 AT Mankin $F43 348 A Tunel 25 4% 6o 1k 46 I KB
ZH AR A R TR O 5 A S A AUk A TR 2 Col 11 5 Col X 2 Y 3R IK K5 ffi ] Western
blot LA ECE 4 H Bax , cleaved-caspase-3 ., p-ERK , p-p38 . p-Smad2 ,p-Smad3 . TGF-B1 FEHEKILKFE, FR 5
75 VAR LE AR ZH e SR BE /b Mankin $F 43 FH i, 0B A MO T2 A, Col 11 | p-Smad2 , p-Smad3 , TGF-B1
R A RIBKIEAR, Col X Bax  cleaved-caspase-3 ., p-ERK ,p-p38 R ik T, SHIRIZIAA L, FHPEA 5 B ke
Bl HE RGN Mankin W53 BEAR, 0CE A T2 FEAIK, Col 1 \p-Smad2 .p-Smad3 | TGF-B1 # HEKIEKF-F+ i,
Col X \Bax cleaved-caspase-3 ,p-ERK ,p-p38 F ARG, S8 HEHON B I R EA RIFHIGITRUR, GEE T
R S ML PR T B SR A B R AR RO R U A B, JEHLE T R S i ERK/P38 K | HE
TGF-B/Smad i 4 5,

[R8E] B0 R B HCE 414 ERK/P38 j# i TCF-B/Smad 58

[hE52ES] R-33 [ XEHRIRAB] A [XEHS] 1671-7856 (2023) 07-0100-08

Gubi powder alleviates knee osteoarthritis injury by regulating transforming
growth factor-f3/Smad signaling pathway in rabbits

LI Dongdong' , LI Xiaoming”, WU Xuelian®, YI Lu', CHEN Guangyou'"
(1. the Affiliated Traditional Chinese Medicine Hospital of Southwesst Medical University, Luzhou 646000, China.
2. Department of Rehabilitation Medicine, Southwest Medical University, Luzhou 646000)

[ Abstract]  Objective To investigate the therapeutic effect and mechanism of Gubi powder on osteoarthritis.
Methods New Zealand white rabbits were divided into a blank group, model group, positive group ( diclofenac potassium
gel) , and Gubi powder group (n =6 rabbits per group). A rabbit knee osteoarthritis model was constructed using the
modified Hulth method, and the treatments were administered for 4 weeks after 8 weeks of modeling. Cartilage thickness
was measured by toluidine blue staining and the Mankin score was derived after Muscovite O staining of cartilage tissue.
Terminal deoxynucleotidyl transferase dUTP nick end labeling fluorescence staining was used to detect the apoptosis of

chondrocytes in cartilage tissue. Collagen (Col) II and collagen X protein expression levels in cartilage tissue were

[BEETE IR E A E R (202110632059 ) 5 76 g ZE R 22 B Hp 2 2R Be i ( 2018X YLH-019)
[EBBN IR (1983—) 5 i+, EIREIG , BF 58 7 1) B 67 SHAPR . E-mail :1idd831116@ 163. com
[BEEE MK (1974—) 5 Wt BIZEZ, @ AR P EIW B9 0 W B X 5% ., E-mail ; doctorcgy@ swmu. edu. cn
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detected by immunohistochemistry and expression levels of Bax, cleaved-caspase-3, phospho (p) extracellular signal-
regulated kinase (ERK) , p-p38, p-Smad2, p-Smad3, and transforming growth factor (TGF)-B1 in cartilage tissues were
detected by Western blot. Results Cartilage thickness was decreased, the Mankin score and chondrocyte apoptosis rate
were increased, Col II , p-Smad2, p-Smad3, and TGF-B1 protein expression levels were decreased, and Col X, Bax,
cleaved-caspase-3, p-ERK, and p-p38 levels were increased in the model group compared with the control group. Cartilage
thickness was increased, the Mankin score and chondrocyte apoptosis rate were decreased, Col Il , p-Smad2, p-Smad3,
and TGF-B1 expression levels were increased, and Col X, Bax, cleaved-caspase-3, p-ERK, and p-p38 protein expression
were decreased in the positive and Gubi powder groups compared with the model group. Conclusions Gubi powder

showed good therapeutic efficacy against osteoarthritis in rabbits, by reducing chondrocyte apoptosis, stabilizing cartilage

tissue structure, and promoting the regeneration and repair of cartilage tissue after injury. Its mechanism may be related to

inhibition of the ERK/P38 pathway and activation of the TGF-B/Smad pathway.

[ Keywords ] osteoarthritis; Gubi powder;

signaling pathway

cartilage tissue;

ERK/P38 signaling pathway; TGF-B/Smad
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B KT 4 (osteoarthritis, OA ) & —F B B H I
P, T2 B e PR 2 B R 5 R | i i A Bl %2
PRV SRATR AR SR B B i Ak N R
AR RIG AN, OA T4 BRI Fl PN 14 5805 58 240 T 34
L2947 31, 4 AL AL Ul 10% 2, i2
A0 1k, OA W AR AL 1 A 58 42 1, Ba B AT 1
TSP I OA A Y OB, A0 SR AE DG 19 B0
B E A5 AN S R B T AT IR YT, A2
RIEIH OAR S BT R HRRRIE— A R T
B B R S A Ol R T SR IR AT MR
AR Wt R A R Ao S B R R S P A
G T 2l AR e, SRS B A AE K1, I ok
WA B K BT (transforming growth
factor, TGF-B ) X 545 #CH HIE 5 701k + 0 S B
R TR B A I A D 2 BT ( Extracellular matrix,
ECM) A48 1408 20 MU 41, TGF-B1 3 ik J414% T Uiy
Smad i FEAEHE ECM JE B, IR A48 2
SEATERER AT BRI, R 540 08 2R R AR
OA AR5 OA BFIEREAEEE L, H
B ST RIS AU E T G2 e IR, R4 21
A B A B T

PEELEIRST OA T MIAFTEE —E MR i B
LR AN AN S AR F 7 N LTl O A DO B
fif A U AE T AR 2 2 B T W, R
2575 0 TR O LU RAEAT B rg il AR
XF TGF-B/Smad i &t A — & I 15 1E ), X A Al
BERCRIRYT B O A MR 1 AE i BB,
DA S, 5 45 16 R 25 4 B, FH i 2 R 1 I
SN AR PR BB ST RA —E BRI AR, Ei
5l 5 30 e BB R EON R H U R kB A2
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PR ARG v e 4 B AL Al 1 S BH B, DR A i
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1 #RFnFE

1.1 SR

ARG SR S50 s W #1022 K A R, W TS
%% 24 H K 3~4 kg, 4~5 AW, HEPE, W B EEL
248 B4 IR Y W] [ SCXK (J11)2019-0031 ], A
Tt FH 7Y R B R K o S Bl W 40 B S B o o LA
i (swmu201901426) , FrA sh¥) iR 5% T V5 rg EERFK
2RSS A L [ SYXK (1) 2018-0065 1, % PN I
TRIFTE 20~24°C A S eI 35 5 L gl # rh 1y
REAE 3R JEI
1.2 FERKFSMNE

B ELTCER VY R S AR R A B e s e B 4L (A
JIE5 18 ¢ HlE 5 18 ¢ I 12 ¢ FLF 12 ¢ 2 12
g HEHAR 24 ¢ BHE 24 o B 18 g W18 g
ZH18 g WA 18 ¢ AL 18 ¢ HH 12 ¢ &M
18 ¢ EANEATT 24 ¢ SEART 24 ¢, BEE L) ; A
ISTRENBEIE , B 24575 H20020385, 1 3 KA A -
DU AR 2545 BR 23 ) 5 Tunel 9864 (3857 & (B
B LA T, B85 11684795910) ; K JF A 14 1T ( Col
1) (ab34712) JJEEE FH X ( Col X) (ab182563) .
BCL2 JHK X &5 H (Bcel2 Associated X Protein, Bax)
(ab32503) \ K& A MR Fe s M e & R & il 3
(cleaved-caspase-3) (ab214430) Wl {L 41 fd 4ME =
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B AT IR A B ER 7K, BH P 2 0 PR XUGE S5 R ot
JE B IR R A B AR, 2850 7 25 R O T
BR2WK, 54 14,
1.3.3  ShE e s MR

SRy E R AR SE S, WAE B ST BB L
TR BT R R i e (0 53/ 41 -0 Yoo, I i
B 2R 5 Mankin W43, PSS ARG 1 R i 4445
I3 VEAARE LR 1,
1.3.4 it

L SRR A A v TR A B
IR W 5 R4 7266 Tunel Y2 (5, 798 BB F
AR T A AR, Bk D) ok 4 3 AN I, AR X

am

R CFRRINHEIFIFR

Table 1 Pathological evaluation table of osteoarthritis

T H Ttems P43 Score

iR Description

0

B

Bone tissue 4

AU
Chondrocyte

SR (0L

Substrate staining

IR SR

Tidal-line integrity 1

IEH A
Normal tissue
SH AR A LN B 145 5%
Tissue surface irregularity and pannus

ALURBGFL A AR AT R

Tissue fissures deep into the cartilaginous radiation layer

HALH 52 2RI

Organizational structure is completely broken

T 4

Normal chondrocytes

SRIRTEN A i &

Number of diffuse cells increased

HH UG A= 1 A0

Chondrocytes show proliferative clusters

illitkseenty

Number of chondrocytes decreased

IEHG0
Normal staining
el B
Matrix staining was slightly weakened

Yoo o L YRR

Matrix staining was moderately weakened

Yo (o F T Uk 55

Matrix staining was severely reduced
PN S0
Substrate unstained
SR
Integrity of tide line
B S

Blood vessel crossing at tide line
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Bk AE 3 5K R, 53 0l IR A 6 (Merged ) | 36
(DAPI) S5 ( Tunel) , T4 T- 3
1.3.5 e gifes

ot FH B 95 20 1 ok ARG 0 2% 20 i H 2P T B e
JRHEF (Col 1) 5 X B F (Col X) Iy IAK
-, AR H ) A 200 AR OIS ECT R4 3 I
PR EDUEE
1.3.6 HHFHEREENIE ( Western blot)

W& sh Y s HEVE T ok Bk A7 8 A B
O 7 8 B kil 4% 1 Western blot I KK
PEATBERC TR, FE I B0 — BT & . TGF-B1 (1 -
1000) .p-ERK (1 : 1000) ,p-p38(1 : 1000) ,Bax (1

1 1000) . cleaved-caspase-3(1 : 1000) ,p-Smad2 (1 :
1000) .p-Smad3(1 : 1000) .B-actin(1 : 1000) , fJ5i
i ECL x4 8 AR EA T RO G 52, T BEM R
RGP A TEEOEHA R i Imagelab X8 FH B 5%
AT 50, LA Bactin fE NN S5 & H Kk
K-,

1.4 SitEHE

Bl P28 e b e 22 (2 2s) ok, ] SPSS
25. 0 ARG M7, Ge it 7 i N B 3R 7 22 40
P2 TP LR F LSD-t K36, P<0.05 #Rom 2
SEAGIEE X,

2 HBR
2.1 BEHBEEREXTRIAZIXARAN
ELbj]

HIOR M W g (. 5 25 FLALAH LG, BB A B J2

TE A HRM g B AR LL O e,

JEE AN, o RN IR SRR A L B A A
WE B BB KB B HE C LI, R
PRI AR, W ACE R EE R, 525 H 41
Lt AR A A R 2 R FE DD (P<0. 01) 5 SREAIZH A
o, B 4 5 B R R Bl 2 R i (¥ P<
0.01) , Hor B B 2 5 B L B s il o R ( P<
0.01),

Tl O Yot 25 UL R O 2R W34 5] )
LROEHE  IRZ C F R R AN
LA HEH XTI RN —, REKE
BT WA TR HIR R O R Ol 2R
AN— | JRER A, R R U AR 2 R Lk R e dk, B
R R WFR 2, & 1,

R2 B HLUREAE AT (x+s)
Table 2 Pathological changes of cartilage tissue

215 Mankin %43 BB RERE (um)

Groups Mankin score Cartilage thickness
23 114
S 0.0+0.0 451.7£19.4
Control group
i "
7.0+0.6 147.9+29. 1
Model group
PR 2H
o 3.5+1.0" 407.4£49. 1"
Positive group
AL
i 43611 265.8+51. 9"

Gubi powder group

S HAMEL, " P<0. 01 SRV L, ' P<0. 015 5 FITEAL
M, $¢P<0.01,
Note. Compared with control group, ™ P<0.01. Compared with model

group, #p<0.01. Compared with positive group, & pc.01.

1 SAPHE AN AR

Note. A, Toluidine blue staining. B, Muscovite O staining.

Figure 1 Staining of cartilage tissues in each group
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2.2 BEHBLOBREXTRAMIE=XARKEH
R T

5o AR F AR 20 0CR ZH P 0 i R T
TFHE , tH 4N Bax 5 cleaved-caspase-3 i T2 25 [ %
XTHE  ERK 5 p38 BER AL 3 Rk KF-Th i (P<
0.01) ; SHEERIAH EL, FHME A5 5 5 s 4
YN 95 T~ 2 FEAIC, Bax | cleaved-caspase-3 ., p-ERK 5
p-p38 HE R IR AL, B PIHCAH BT AR U8 T s
TR, BARERILE 3,18 2 & 3,

2.3 BEHAMBEEXTRIAZXARREH
Rast
525 HUUA EL A0 21 T B T R B 1 21

Col 11 .TGF-B1 .p-Smad2 5 p-Smad3 FiE/KTF-FEIK,
Col X FKIKKF-Thm (P<0.01) ; S AH L, BH
PR 5 B o A2 Col 1T, TGF-B1, p-
Smad2 5 p-Smad3 EIEKF-FHE, Col X KIEKF-FE
fIK(P<0.05) , ‘B A 202001 40 o3 Ak 1 5 SR 55
TRATEA (P<0.05) , B4R IR 4 K 4 K 5,

R3CEBRON IS S HOE A A TR (s )
Table 3 Effects of Gubi powder on chondrocyte apoptosis in rabbits

2H 5 T2 (%)

) . Bax Cleaved-caspase-3 p-ERK p-p38

Groups Apoptosis rate

23194

=HE 0. 00+0. 00 1.001+0.014 0.999+0. 038 0.999+0. 023 1.001+0. 010
Control group

R ZH . v

41.59+7.27™ 1. 664£0. 028 ™ 2. 679+0. 062 ™ 2.357+0.037 1.902+0. 021 ™

Model group

PR

. i 14.20+8. 12" 1.250£0. 012" 1. 5320. 080" 1.377£0. 083" 1. 4470. 026"
Positive group

AL

&
Gubi powder group 24. 121176

1. 3940. 029"

2.057+0. 021 %4 1. 639+0. 017" 1. 59820, 0224

TG AAML, T P<0. 01 SR, *P<0.01; SIEAMLL, “P<0.05, ““P<0.01,
Note. Compared with control group, *“* P<0.01. Compared with model group, *P<0.01. Compared with positive group, ¥P<0.05, ¥P<0.01.

B2 A4 R R HA TR R

Figure 2

Immunofluorescence staining of soft tissues of rabbits with knee osteoarthritis in each group
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B3 AU RCHHLUTE R KOKF
Figure 3 Protein expression levels in soft tissue of rabbits with knee osteoarthritis in each group
R4 CEBIRONRE A O PO LU AL R (xs)

Table 4 Effect of Gubi powder on cell differentiation in articular cartilage of the knee of white rabbits
21 5

Col 1l Col X TGF-B1 p-Smad?2 p-Smad3
Groups
23 4
A HA 7.360+0.718 3.34420.570 1. 0000. 007 0. 999+0. 002 1. 000+0. 005
Control group
& 3.212+0. 634 * 13. 426+2. 294 0.453+0.014 ™ 0. 576+0. 032 0. 548+0. 010
Model group
H 2
F. el 6. 475+0. 954** 6.227+1. 030* 0.712+0. 014* 0. 796+0. 018" 0. 822+0. 009*
Positive group
A
A 5.785+0. 355" 9.990=1. 598" 0. 547+0. 0127¢¢ 0. 682+0. 022" 0. 650+0. 008"¢

Gubi powder group

T S AL, ™ P<0.01; SRR L, *P<0.05, ¥ P<0.01; SHTEAMIL, “P<0.05, ““P<0.01,
Note. Compared with control group, “* P<0.01. Compared with model group, *P<0.05, #P<0.01. Compared with positive group, ¥P<0.05, ““P<
0.01.

B4 BAHASWKEHLET Col 15 Col X B HFIEKF

Figure 4 Col II and Col X protein expression levels in cartilage tissues of each group
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B 5 HAHYHEHS T TGF-B1 p-Smad2 5 p-Smad3 5 H KKK
Figure 5 Protein expression levels of TGF-B1, p-Smad2 and p-Smad3 in cartilage tissues of each group

3 itig

OA J&—Fh B ACE BCE T8 A 2 A
TG 4 ST PG , Herp R — b o B 25 56 1y
WP ELL 2L, T 430 375 B J5 1R A0 V0E 0 ) A ) T 4
Bt T IE R IIAE ) OA 514 1 ¥ 5 4 i AN 2T 4
AR S B0 BT A0 L R T, i AR B0, B
K UIRE, e B MR A A&
PR R RE IR DG AR AL 2 b A T A R A B
TR T8 Rk U B R LR A B 4 X B R
RAEG R WP T2 T, TR B & B, AR 4l 4
ERK 5 p38 2 I AR b 7K 7 B A, 1 W1 R R
Pl ERK/p38MAPK 8 [, MAPK J& 335 iR
[ 5% 5 3 K, 1230 B 00 ¥ p38MAPK | NK Fil
ERK1/2 46 i 51, £ 9% 4 i X - 41 TNF-o 1 1L-18
TS p38 4 P S %15 S OA, ERK1/2 1
SHRIE A SN TR B e m B H
FERBL, 5 IEH O A EE, HBE DG S 56 B
4 p38 M ERK HEH KA B EF ", X H5A
SCUSEE IR B, B, P OCT ECE A 2 AN i
AT AT OA MYILRE, BB HLH &3R97 OA 1Y
(IS

OA B H B R 0 HCRHR AT R MG, 561y
B B ECM A A3 A AL, 7 s e 1Y 3R
17, A2 B OF SR L R A 67 5E ECM
(R B R R R A, AR R R ) 4IAE R L R E A

JRANFE R R AR5 e ECM AL 1 i R
o VU2 5 ) 26 A L o R BRI AR 11 G
Col NI iS5 REHZHEAHALE I ZH —KATTH
#H ECM 4525400 Col X I AE A H 1 440 M (g e
B, OA BB B O I BB A i 2= R AR I
Kok, T3 Col X FIFIRIG N, 55 1Y ™ H
FESEIE AR DR Ry O R B = 0l A R A
ARG PR, 2 W B E s b A7 4
TEARSCIS A O IR 40 Col T &R
ik FRAIK Col X R FIFRIA iR 5B R I A1 8 45
Ty Wl R 2 L T S R TR SRR B AR
YN IE # 434k, TGF-B1 8% UE BA fig 18 i 3 15 T Ui
Smad RN T FE 4205 3 A i A FE DR B AR
F LIRS Col T A LS 4>, FEARSTZR
H BN AR BRI S AR 1) TGR-B1 FEH
Fik , 0 BEIE S N Smad2 5 Smad3 5 A BERR LI
1% TGF-B/Smad i [, Fo . ECM V- 114 [F] B i 2k 2%
KT AR AR R BN R O ER .

25 LR B SO B O R B RIFRIRYT
R, e o D R A R T, R B L AL
AR R U e AR 5B, AL AT g
5 ERK/p38 MAPK i i  #47% TGF-B/Smad i
A,

S 3k
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Experimental study of curative effect of xiaochaihu decoction in a rat model
of chronic pyogenic osteomyelitis of the jaw

ZHANG Xiuyun', YANG Kun®, LI Peijia', TANG Shun', YANG Siyu', CHEN Hui**
(1. North China University of Technology, Tangshan 063200, China.
2. Department of Stomatology, Affiliated Hospital of North China University of Technology, Tangshan 063000 )

[ Abstract]  Objective To explore the healing effect of xiaochaihu decoction in a rat model of chronic pyogenic
osteomyelitis of the jaw. Methods Sixty-five specific-pathogen-free rats were used to establish a model of chronic pyogenic
osteomyelitis of the jaw, by introducing Staphylococcus aureus into round bone defects prepared using a bone drill. After 1
month, five rats were randomly selected to test the modeling result, and the other rats were divided randomly into four

groups: group A, debridement+saline; group B, debridement+xiaochaihu decoction; group C, debridement+cefuroxime ;

[MEERIN KT = (1994—) , Lo, W358 R 7 1) . HESRE SR, E-mail : 1538681075@ qq. com
[BIS1ER BRI (1976—) 5 Wi+, FAT BRI, 5507 ) . H SR SME}, E-mail : 15383056663@ 163. com
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and group D, debridement+xiaochaihu decoction+cefuroxime. Five rats in each group were sacrificed at 2, 4, and 8 weeks
after administration. The extent of the bone defect was detected by cone beam computed tomography ( CBCT) , levels of the
inflammatory cytokines interleukin ( IL)-6 and IL-1B were detected by enzyme-linked immunosorbent assay, and bone
morphogenetic protein-2 was detected by immunohistochemistry. Results CBCT showed that the bone defects in groups B,
C, and D had decreased at 2, 4, and 8 weeks after administration, compared with group A (P<0.05). In addition, the
bone defects were smaller in groups B and D compared with group C (P<0.05), and smaller in group D compared with
group B (P<0.05). Levels of IL-6 and IL-18 were lower in groups B, C, and D compared with group A at 2, 4, and 8
weeks after administration, /L-18 levels were lower in groups B and D compared with group C, and levels of /L-6 were lower
in group D compared with C (P<0.05) ; however, there was no significant difference in IL-6 levels between groups B and
C (P>0.05). IL-1B and IL-6 levels were both lower in group D compared with group B ( P<0.05). BMP-2 expression was
detected in groups A, B, C, and D, with higher mean optical densities in groups B, C, and D compared with group A,
higher optical densities in groups B and D compared with group C, and in group D compared with group B at 2, 4, and 8
Conclusions

weeks after administration (P <0.05). We successfully established a rat model of chronic pyogenic

osteomyelitis of the mandible using S. aureus. Xiaochaihu decoction improved chronic pyogenic osteomyelitis, and the

therapeutic effect of xiaochaihu decoction combined with cefuroxime was better than that of either drug alone.

[ Keywords)

morphogenetic protein-2

xiaochaihu decoction; chronic pyogenic osteomyelitis of jaws; interleukin-6; interleukin-13; bone
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12 P Ak B P S0 B & 22 ( chronic  pyogenic
osteomyelitis of jaws) T FERT AL 1 > H A &UE
(O RAEVE B A B A 40 B T 5, e
A BRI H T AEI20% 108 R ok R
SR B3 B i Y5 A S g i R ] ] A 2
U R A RAEVE BN, 4 RAE HE AN P
R JEB B ALTE A 2 AT B 0S5 4 BrIE AR (HL R
SRR A, BE R R IRBETE BUSE Y H T
iR b IR T AR R 5 T ARG GIRIT.
INSESTA T AR PR R A O ELAR B
TR AR5 2R B P B 25 5 0 B8 B AR
TRITPER EARE AL AT 58 3o 1 7 R
PEAR e PR G5B B 8 A B WL /N S0 7 % HoR T
AIFER

1 #RFnrE

1.1 SLIEHHR
1.1.1 ZE%zhY

65 HfFEAY SPF i SD KB, /4 5 (300
20)¢g,8~12 JAlI%, sk i F At s 4e B R AE Wb
JBE Ay A7 FRZA 1 [ SCXK (5T)2020-0004 ], FIr A F 5256
PRI AR AU 38 TR 22 5200 3 ) vt B e S e =
[ SYXK(FL)2020-0007 ] 58 &, 5% 5 2k i ™ A% 185 <F
3RFEN, s scs @t TAbEE TR0 5 5h )
S THZE B 2 4 (2022-SY-002) |, fRIFRAE AL B TR
EEEE YL SPE RN, iR (25+5)°C

ARSI 50% ~70% , 4 {3t 52 96 2 A o K Bl AR A
H oK,
1.1.2 4w

G B E A AT ER A B bR CMCC(B) 26003, AL
BT R b 2 B de it K Al B T bk B JC
I W R 3R IF I SRR S 1..0% 107 cfu/mL &
W, R
L2 EEAFSEH

INSETR Y SEEH 125.0 ¢ 5 46.9 g N 2:46.9
g K 39.1 g 4% 46.9 ¢ KH 36.6 g, HH 46.9
g TARAL I TR =R EEBe b 25 55 ) |, FHZ8 1K
FURK 22 s SR U B Sk ALk = i TR B R (0. 125
o/ INARBIELG IR ARAR) ;s HA AR -6
(interleukin-6,L-6) . H 40 g 4t & — 1B (interleukin-
18, IL-18) K& P X 57 &, 92 %5 43 5 S~ CD30219,
CD30216 , 4 Ry i 4 B2 A= R A FRA R 7= s
W & 4 % H - 2 (bone morphogenetic protein-2,
BMP-2) Hiidk , A4 P2 R Affinity, 525 5 AF5163 ; Goat
Anti-Rabbit IgG Secondary Antibody $T 1A, A= 7= R
sino biological , %55 A SSA004 ,

1 Ji 401 T 50 £ JE R CT ( Cone beam Computer
Tomography, CBCT) ML (fEE ) ; HLY A AL (fE
Leica SP1600) ; B0 HL (7 [ 3L AfE 5810R) ;
B ( HAS AR T DP8O) 3 ML F HIL ([ i 1l 3k
HP-1) ;iR K48 ( H AR HA MDF-U5S00VX) 5 fH il
UKFE ( HAS =7 MDF382E)
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1.3 ZEWHE
1.3.1  ABUEEST Ko or e

65 H SD KFUERMEFE 1 A, H 3% 5 He 240
Fi i1 40 me/ kg SRR 5 BT B, TR
R R A DX A A T R R BRI Al Sk AR
4 mmx4 mm [ BE B 6451, 0. 9% 4= BRER K kAT
FEAr Rk, A RIS A 0. 1 mL 1. 0x107 cfu/mL
BB, B S B AR R K oY gE A (B 1) R
JEHEAESE LA H E RIS H A, 2885
[ DN I N R D L S N R
A AR+ K B A AR+
(0.3 mg/kg #EH ) .C A IEOIR+LAL( 1. 67 mg/kg
HEH) D4l AR+ N+ kA, 5T 2408
JEREHLRER 5 HEF ARG
1.3.2 MRS bR 1 v

(1) RS

WEEA X 75 o ik, A 2 A5 4%, 2 A5 A ik
PET I SR A E TR L

(2) CBCT &3]

BUR#UE FA 8% CBCT, WLZE 8 B4t ik 78 Bl 2 75
R

(3) Ao

/Dt e 1 4 1 0 A LT B 8 % 2 AT A0
(LR S SR LN e o W g AVE LR N R Y =i )
FLICHEEAE S50 TIE U 2 75 2 4 B (0 A A BK AT

(4) LHZ1 s B 2EAG I

BUR a5 4120, B A U5 J5 1T HE Ye e 0
FOETA RIEAML, S BA 50

1.3.3  SEgRtalFebr STk

(1) CBCT G244

T 2.4 .8 S BN AR REALIHEC S 2 BT
WHEAAHE CBCT, X Ho 4% 2H AN ] B 8] B S A3 Y el

(2) RAEHFFRIKKF

T 2.4 8 JH R4 4K B H AR 4 mL (1)
1 =B Bk, 50 I WA A L 3 YR g TR I G 3
FFFZ: (ELISA 32%) A il ¥ 11-6 IL-18 (/K-

(3) g A2

HUR AV, 3 2 i R 2 40, 0 45 I S0 i 4 Ak
FRALER >4 5 f o 0K B A f 28 A1 1 B 1 45
Fo FHEG AL PRAR (32547 BH 1 40 i 3% 58 0 %
T, ARG B RN G5 I RO B
BH Pk
1.4 SFitZEAHZE

KH SPSS 22.0 Siit 43 B, -3 8 e o 22
(s ) TR 2 B FORE, BOXTREA ¢ K255 20T W 201 (] 4
P, Z N ZE 220 Bt Z4U8005 1 LSD 12 H e 4 ) 2=
5, UL P<0.05 £ fg b EMEER,

2 #R

2.1 EERER
2.1.1 RIHIR Mg,

ST A KBRS MR B 85 22, R IXBRCZH 2 i ik
b, 1 RS R G2 R XA v s R A (A
2) o RREARFT AR 1 FEE L (E D) RS
RET A, RGEREERE(P<0.05) , 5% H B3#
HES,

AR B IHEE; C o4 mmx4 mm FUE BB DA LNR LB A P45,
Bl 1 (@R e E s A A T R

Note. A, Shaving. B, Disinfection. C, 4 mmx4 mm round bone defect. D, Drip into the bacteria. E, Place the bone wax. F, Stitching.

Figure 1 Establishment of surgical procedure for chronic pyogenic osteomyelitis of jaws
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R1 RIS KBARE K (g,x45,n=65)

Table 1 Weight comparison of rats before and after operation 2.1.2 CBCT

R/ ARG hE ARJE 1A H NS HOREAAHE CBCT Yyn]

Preoperative/Postoperative Weight E}m*g%@% E?ﬁ[ﬂgﬁ( [7§] 3) o
Prezkfrztive 315.36=+0. 33 2.1.3 éﬁfl%*ﬁbﬂ\“
opere ARG 1A A7 WA 1B B 555 30
e 314.9240.20" B AN o T B 4 L I B, AT 32 I
Yufn L H-> ) 2| I VA K& He d

— e G R B FITUBSE A b KO 0 22 9 L
Note. Compared with the preoperative results, * P<0.05, t=3.061. ( l@ 4) °

TE: A ARD AR ; B AR KA C AR KA el -4

2 ARJE R E SR
Note. A, Swelling of the operating area. B, Fistula was formed in the operative area. C, There was purulent discharge in the operative
area.

Figure 2 The model was observed by eyes after operation

T A SRR TR B LR O 5 B 2 R R T W Bl Y8 LI K 5 C . AKP TR WL Bl B R R K
3 CBCT %#H
Note. A, Extent of the defect became larger in the coronal view. B, Extent of the defect became larger in the sagittal view. C, Extent of

the defect became larger in the horizontal plane view.

Figure 3 CBCT findings

TE A IRUMPE M) 5 B MV A ARG R 5 G T LSS 2 R G RS 56 D FUBBESR SOV

B4 HE-ERIEER
Note. A, Take purulent secretions. B, Bacterial colonies on the plate of blood. C, Gram stain was bluish-purple under oil microscope. D,
Latex agglutination reaction.

Figure 4 Bacteriological test results
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2.1.4  HEURHEZR

il B4 998 BRI S S R R SR AT e B A%
A, HIEETE R S)

2.2 KR
2.2.1 CBCT %%

A3 2,48 JE A4S 41 b T 5 4 H% CBCT
(Kl6),CBCT 25 BR252 48 )G, 5 A 44
FRER AL B, Hofth = 2R A DXB S g i R 290k /N (P
<0.05) ,Guit A B EEES B /N4 . D
H/NSEA G+ A BB S C 4 kA
/N (P<0.05) , Geit2# A B E V25, D 4/NSEH
i+ AR B A R 4 At = 20380/ (P<0.05)
Gl W E R R 2,

2.2.2  IL-6 IL-1B RAEHFKF L

e 2.4 .8 Ji, A HAEFEERKA IL-6 . 1L-18

TR HA = 203 D 725 ( P<0. 05) , Geit2F A &k

T AN B Sk M R4

E5,5 CALMA i, B /N mA L-18 /K
FREIR(P<0.05) , Giit2e A MR R (R B A
INSETIHA IL-6 IK V5 C kA e S it
A BEEZER(P>0.05),D 4/NEE 7+ 3k
4 IL-6 IL-1B /KPR HA = 4 K (P<0. 05) , 4
A R E R AR 3,
2.2.3 s

PG 2 4.8 JE VUL B BH M 2k (A
7) A ZHA: AR K A A H A =4 L, S O
fi%,BMP-2 fH: 3555 (P<0.05) , G it %A W&
PE2ESR 5 C Ak i, B /NS0 7 43
JC% B B, BMP-2 FHPE £ 3858 (P<0.05) , 48 it
A BEEES D A/NEIR G+ LT %
JE A A = 2H ¥ 1 v, BMIP-2 Pk 36 3k 58 T HiA
=H(P<0.05), Gt A R EEE R, R W
4,

B 5 HZUEHEL R (HE)

Note. A, Arrow shows the dead bone. B, Arrow shows the inflammatory cell.

Figure 5 Histopathological findings( HE)

R2 AATEBDULA B BB R (mm® 245, n=5)

Table 2 Comparison of bone defect extent in four groups at each time period

2] GIETED “Fr B O
Group Time (week) Extent of bone defect
2 11. 60+0. 37
A QAR+ A BIEEK 4 8.29+0. 31
Group A debridement+saline 8 5.26+0.19
2 9.55+0.24 "¢
B 4T QAR +/NEH 4 5.50+0.29 "¢
Group B debridement+xiaochaihu decoction 8 2.26+0.20 "¢
2 10.39+0.30"
C HIFAIA+L A 4 6.23+0.30 "
Group C debridement+cefuroxime 8 3.22+0. 15"
2 6.50=0.26 "%
D QAR +/ N5+ 1 4 3..13£0.10*%
Group D debridement+xiaochaihu decoction+cefuroxime 8 0.80+0. 13 * ¢!

H: 5 A, ©P<0.05;5 C 4L, “P<0.05;5 B 4Lk, 'P<0.05,
Note. Compared with group A, * P<0.05. Compared with group C, €P<0.05. Compared with group B, ' P<0. 05.
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HA~D2 T A4 B4 .CH.DABBIBTEEK/NE~H .4 FR A4 B4 C4H.DAFHITEE KN T~L.8 ERF A4 B4.C

41D A EBREE AN,
6 VUZHAS[R] s 30 - Bl 3 el

Note. A~D, Size of bone defect at 2 weeks in groups A, B, C and D. E~H, Size of bone defect at 4 weeks in groups A, B, C and D. I~L,

Size of bone defect at 8 weeks in groups A, B, C and D.
Figure 6 The bone defect extent in four groups at each time period

W A~D:2 Rt A4 B 41.C41.D 241 BMP-2 BHIERIAT L E~H. 4 B A 241 B 41.C 41D 41 BMP-2 [HPER B 1~ L. 8 FHT A

4B .CH DA BMP-2 BPERIAREL
7 PULLA[EIE ] BMP-2 BAPER AT O
Note. A~D, Positive expression of BMP-2 at 2 weeks in groups A, B, C and D. E~H, Positive expression of BMP-2 at 4 weeks in groups A,
B, C and D. I~L, Positive expression of BMP-2 at 4 weeks in groups A, B, C and D.
Figure 7 Four groups of BMP-2 positive expression in different time
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R3 FHHEBIUL 118 1L-6 KA (pg/ml,z+s,n=5)
Table 3 The levels of IL-18 and /L-6 were compared among the four groups at each time period

4151 1 () g L6
Group Time ( week )
2 4 45.11+2.23 172.03+6.70
A TR+ B K 4 31.09+0. 54 122.92+26. 63
Group A debridement+saline 8 28.44+0.95 77.27+7.46
2 32.55+1.49*¢ 134. 46+20.49 "
B 4LIE QAR +/ NI 4 27.930.21*¢ 80.72+9.93"
Group B debridement+xiaochaihu decoction 8 20.76+2.31*% 58.87+1.95"
2 39.29+4. 63" 143.74+18. 14"
C AHEBIAR+ %1 4 29.540. 46" 85.51+14.20"
Group C debridement+cefuroxime 8 22.83+2.37" 60.53+5.40"
2 30. 84+0. 87 "% 108. 38+7. 95
D A BIAR+/ N+ K1 4 25.09+3.30 "% 68.33+1.37"%
Group D debridement+xiaochaihu decoction+cefuroxime 8 18.29+1.09 *&@ 50.48+1.70 "%

5 AU, T P<0.05;55 C ML, “P<0.05;5 B 4lAiTE, 'P<0.05,¢ P<0.01,
Note. Compared with group A, * P<0.05. Compared with group C, €P<0.05. Compared with group B, 'P<0. 05, P<0.01.

R4 AWHABUA BMP-2 FURIMHTE R LR (2s)

Table 4 Comparison of the analysis results of four groups of BMP-2 images in each time period

51 il ) A
Group Time ( week ) Mean optical density
2 9.91+0.55
A ZIHAIR + A K 4 17.120. 23
Group A debridement+saline 8 20. 28+0. 44
2 16.960. 137 ¢
B A TE BIAR+/ NI 4 25.95+0.26"¢
Group B debridement+xiaochaihu decoction 8 36.77+0.23 *&
2 16.04+0.20"
CHTERIA+KA 4 23.13+0.20"
Group C debridement+cefuroxime 8 33.05+0.13"
2 23.76+0.43 "%
D ZERIAR +/ NN+ 1 4 34.79+0. 15"
Group D debridement+xiaochaihu decoction+cefuroxime 8 52.83+0. 49 *!

T 5 AU, ©P<0.05;5 C 4L, “P<0.05;5 B 414, 'P<0.05,
Note. Compared with group A, * P<0.05. Compared with group C, ¥P<0. 05. Compared with group B, ' P<0. 05.

3 itig

P8P A I P T B 9% e — o i A A A T
R LR O Y AT AR , AR 2 A I
I, MBI, SE T B, B A 3 S E B
A B RONIANH ) 0 e 4 0 2 R TR
e gl MU N AR AR, N T, ARR
AL AU A 2 BRI KL, R T S 2%,
FGRNRST T 7 A, ARSI My i 1 1
PEA I A1 A R R R B R A Sy s B T
ESRRFAE, IR T/ NS M A KB HIR T AL
RIYZES

/NS AE R BR A B A O AR A BH i 2
B2 75, PO o B & (A J€ I
FE I A A B R A S ORISR R K

A, HEA RIS, nT AR IE A b i 4 | 5
KNEIE WAL, AT LA R AR R, AT L
PETTRE Bk s NS R O H AR, AT
RN, BRIE AR IR LI R BB R OR IR YT &
PP S R, A2 B2 w58 &
INSERRIAH B BUR AR, B 5T & BN S 5 AT L
AR BR G 4 Je PRI K S E IR T i3 v |
I E bS8 48 JR 3 1 4N Y B0 R RE IR
N ARHERA T R A R A R B A e AR R B P
AHE AR FA R AR 7 S R /0 BH 22 28 5 1) /N S
REWATBABA R B < BAEH . A A s R
INSERRA AT LA T IO R 1 R R R A B % K
R, e R AR A Y iR
HP S AL IE A B R AT AR | B F S H R /N e
BT R TR T 08 1 A e R B B RE R 2
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I R 367 12995 3 A JE DU 400G Vi o kb s 4 B
NPT M B-HI BRI AE R NRIRYT 4
HRER A P BURG G I RIA T 1%
e Sk 2, 3 B A IR 4 R A
BRUA 1 40 B B 40 o) 5 T A B B R I R AR
FHUST TR i e P 3k 7625 25 W) O 2 2 56 PH R 6 R
29,

20 A Z -6 (interleukin-6, IL-6) & —F & T
HATLIR P Z AR 2 PR AR I IR 7, 78 00 I R P
FHXRAAERYY . A4S - 1B (interleukin-18,
IL-1B) J& 50 RGE ) —FhE B4 i v] LAJE 5 RAE R
N, PR MR B RER 1 KA IL-6 IL-18 Y
I A OGRS NS v AT LAAR I M Kk
RAEAT BEREH b 0 T IL-18  IL-6 F7KE
Vol FR 4 B €0 2 R B T R ) SR RN, A SR
WFFEUESE , /NSEH 17 o] LA ] IL-1B IL-6 55 93 4E
AR TIC A T 452 B 18y e 3 /0N RO 38 R A 2, AR 5K
B9 SR FH 4 ¥ €04 75 1R A o 5 1 e A e 42
B BE R SRIBOMLTE AT R0 J5 & BN 560 1 %)
IL-18 19 F WAE IS T3k 1 (P<0.05) , T X} IL-6
TR, A RIX A (P>0.05) , 2 —F B
GAEFIIE  IL-18 IL-6 /KP4 T AR HI B 2 (P<
0.05) , Wil /NSl 17 k5 Sk A6 97 200 B AT LA
TR Hi B A AR A 7K -, T B At FH /N S 1 ik sk
FIRRAR A IEIT , —F RO E AR,

NSRS A R 2R AT AR R A A
A ISR A AT DL R A R A -2
( bone morphogenetic protein-2, BMP-2) & 72 Hll 3 i
A0 B A R R Y B A R L %6
W, T BB CBCT 2 W %R, CBCT W] LA i A& b Jz ik
HBR YL, BMP-2 85 2 IAh— B AT LUA R
S FERCE I R T AT RGO 1 S ke
Bra B a, B VR A, e e AL A T BMP-2
PHPE R A B, AFFEIES CBCT & /NS %
BB B AR T2k 1. (P<0. 05) , Jf H e 21
AR BMP-2 PHE 283k o Sk 76158, B 1B FHAF
T8 35 A (o FH R AR 100 ), B0 AT DAk 31
TG BRI RS DR oty R A3 0 L e — 5 B feff FH B/
(P<0.05) , BMP-2 BH 2 0k 5 — 3 By fiff FH B o
(P<0.05) , BEHT/INSEEH 7 RS A 34 mT LU 2F 8 1
B (R/INSEA VA 3 S FL A A S, 3 B A A
R4

B I B U<y N A R o8 s G

HATERTA 1T LA D) 4 05 1 T e 1 401 S e A
R /NS AT LR IL-18 IL-6 KT 1R
BMP-2 PR 281 38 B BT 4%, 42 HF 0B 1T, B8
B B, 8 0B A, IR 7 18 1 Ab e 1 40
HBES 25 A0 p S R B AR SR EAE

S 3k
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Operational management and prevention of contamination in barrier
environment facilities of laboratory animals

ZHANG Wei', WANG Muzi*, DENG Shaochang®*
(1. Laboratory Animal Center of Sun Yat-sen University, Guangdong 510006, China.
2. Guangdong Zhiyuan Biopharmaceutical Technology Co. , Ltd, Guangzhou 510006)

[ Abstract ) Laboratory animal barrier contamination by pathogenic microorganisms during the operation of
environmental facilities seriously affects research and animal health or leads to biosafety incidents, interference of
experimental result, or interruption of experiments. However, elimination of contamination during their long-term operation
is difficult ,and can occur due to careless management or operational details. Contamination by pathogenic microorganisms
is a major problem for laboratory animal managers. After engaged in laboratory animal barrier facility management for many
years, The author deeply felt the importance of details management to prevent infection by pathogenic microorganism.
Therefore, summarized of the details problem combined facility layout with staff management based on years of working
experience, which in order to be discussed and used for reference.

[ Keywords] laboratory animal barrier environmental facility; pathogenic microbes; contamination; prevention

and control
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Protein synthesis and degradation signals are involved in tumor Cachexia muscle
atrophy and the regulatory mechanism of traditional Chinese medicine

PENG Mengwei, LIU Yan, ZHANG Yan, HAO Linglun, CHEN Yulong, WU Yaosong "
(Henan Key Laboratory of Traditional Chinese Medicine (TCM) Syndrome and Prescription in Signaling,
Academy of Chinese Medical Sciences, Henan University of Chinese Medicine, Zhengzhou 450046, China)

[ Abstract]  Cachexia is a syndrome of multifactorial metabolic disorders involving multiple organs and is a common
fatal factor in patients with malignant tumors. The major clinical symptoms are muscle atrophy and loss, and their
mechanism is associated with excessive protein degradation and synthesis disorders. In recent years, traditional Chinese
medicine has made a significant advantage in the use of few side effects, multi-targets, and multi-channel intervention
diseases. It has unique value in preventing and treating tumor disease and muscle atrophy. This review mainly discusses the
effect of muscle protein degradation and synthesis mediated by various signals on tumor Cachexia muscle atrophy and the
regulatory role of traditional Chinese medicine to provide a reference for the clinical application and research of traditional
Chinese medicine in the treatment of tumor Cachexia muscle atrophy.

[ Keywords] cancer Cachexia; muscle atrophy; protein synthesis; protein degradation; molecular mechanism;

traditional Chinese medicine prevention and treatment
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A4S TR, DA L DA 8 Dk /b 525 4 5 2 1 Jo
iob R gt B A3 R A G, P B 2RI YT R
A T R S LB, T s LD ZE A, 4 5
BUAGRE Ty, S B A A7 3, O T AR AL,
R XTL P 2 A R e A 4135 0 T L 20T T
KRAEHIBIESE, BURE b B2 25 98 15 JULIA) 3 1 6 R0 figt
By i I e A T AL PR 22 A O ML A — 23, LAIL)R
SIS PR I E

bR A U Je R B R 57 I, R AR O
FOR TR B LR £ TR AR 5 S E R
SRR N EEEIN . (R - EHLE R R
B RE Al R BE T, B P =G, e B AN,
S WIR AL R R IR R R B,
SN 2 AR BIL DA L B BH R g, R G
TP R E R R, AN B e & B 2
G407 BRI (R 2t S
7, HOF RO, < FEF AN 2 < IRIESE A 2R
IT D7 A JE M KA s ik, e RZA, R
M AEAZ U, A 2 I PR 3 3 o A B 1A B
JE RMTANEIR, LA 2 T HE RE A5 118 52 1 et
o o R A T = I A BIF AR UE 52, e L A9 U
PN AT o NP R DATIR V3 i) L A o1
HIN B R AL F R 5 2D 15 BRI
HATARE P , e 2 g Joi 3 S0 JUL 1A 25 4 B 2 R 2K
filtis D, SUR MR 2521 BB o E AN
iR A o B LRI 5 IR, BT R, REFESY
IEESTNES LR ERES: ST ) L5 AT AN s =P
SRR e 57 VLA KL, HARYT EZ IR SR E
B TR R S v B A O L
ST T IR, PR, i R 20 36 7 L e it 2
e E, EARENFRIE T P B 256097 M
AR TR R 3z AN 35 pIL, 25 2R R T, v 2 i
PRFNHR 25 7 TR AT WL EE YA O A A
L AT 50 B A AR PR e IRVL A ZE 4R A

BUARHFTEIN I, WP o o o £ 9 o 5 A
V2% fifp 2 1] ) ~F- 7 Ok phe i 19, AR LR AR LA R
A R S AR B 25 P 1L IR s I UL
PRI FEZE 40 (A 2 JUL PR B P T e 2 e A sk
E A% LR R 1 45 1 40 Al o B AT 45 2R
W AN Z MG Sl ES S TR E AR
i R L) i A T 2 5 3 P R R A A

TS A2 R - A AORE M iR AR (UPP) (£
FLARTAT 348 e A M A2 5 i LA A B R A
(mTOR) Ay H L A5 5 0 2 5 B 8 92 15 JUL B 19 o
A AR BRI R, R 2 EE AR DL LA
53 VAT LR R A S R A A I S
NS NP (YA
1 ZEARGHRSKRBSEMEBETRRRIRNZSEL
EEHH
1.1 ZH-ZE0BEFEE

Z % - & H M 1K i& 72 (ubiquitin-dependent
proteasome pathway , UPP ) &4 44 N JILEF 2 A1 B
Sy IV R i R R R 2 —, G5 BOE
S L A BT R, UPP 2 iz KL
Yy A T AU O 2 iz R bR L IR A A AR
FIBE A A, XMz R SR s & i B1 B2
E3 B U S S 0y AT Y vz R g
Fell £3 J20z AL b i OGS B, 32 20 08 o A e 1
PUINRE 1, 2 5 KW IR 5 0k i 47 2 1 BT 0 1%
fig 2 vz KRR E3 I FRAEAR L 1(muscle
1, MuRF1) 1 L B 2 45 3 A
( muscleatrophy f-box, MAFbx/ Atrogin-1) , i # i i3
STAT3 NF-kB FoxO3 Fil p38 MAPK #{##1% , HoAE it
oA W JoT Sl ) A R v e ARA WIS L 4 1Y
TERRAEY Y R R B v AR AE R TL-6 {25k
PR, L3 i Wl 1R AL R D e s R STAT3 1,
I UPP 42 4H G F MuRF1 MAFbx [1)3R35, {2 i
TR . NF-xB & p50/p65 #4 11 e
DAY SR AR I IL-1, TNF-o  TNF FER T2 5
( TNF like weak inducer of apoptosis, TWEAK ) Z£1E N
MIVFZ JAE N 7l o B IKK 25 9, B iR 1L
IkBa, i fb NF-kB W% 8 T 800z 2% HE M e %
B T UPP IZ R AL IxBa B 265 B 1 GARE
it , 175 T S U — SR ARG A MO AZ R AT 0 r, R R ok
W BN T B AR AR . Fox03 J& Tk T
O 5 H % J% (forkhead box class O family, FoxO) , B
J& PI3K/AKT 55 09 T W1 A 7, 2 58 LR
FIBR R4 i (0 R 45 2% 0 PIBK/AKT {5 5 3 o 40 il
FoxO3 #2621 BH 1E e 5% [ g B 1k B3 3 42 1
MuRF1 1 MAFbx/Atrogin-1 fi¢ _F 3, 411461 8 71 /K figt
RGO D R p38 22 BFE T AL
¥ B ( p38 mitogen-activated protein kinase, p38
MAPK) HBEHR B B 808 , /& MAPK 5%
H— B3, IR 2 MAFbx/ Atrogin-1 Fil MuRF-1 {2

ring finger
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OB A S O T, RE I TS p38
MAPK, fiil % 2 2 ZE e g4 L34, 5 3 UPP & UK f#
HLHI S50 LA S FE ™ . p38 if RE W IR 1L T
PTG NF-kB, 5 18 35 A [A] 38 4 O, A WOt T
Akt FI NF-kB {5558 % .
1.2 BRRBEEE
H W % B /K & 48 (the autophagy lysosomal

pathway , ALP ) J& EC A 20 il 14 )32 4775 19 25 F 7K i
Bz — e IR E AR S R A
FIE2 AR IR R AN SR R B, 2 5 4R
Jo A2 F J5 R 200 i 4 VA AR, I ) R L RO
T RS JE K AR OB B, A BT LRI
AR RIS Bl SE AR O 58 2 2R IR, ff Hazs
IR REA B E WA BE R, R 5 MUK B Y
WEKE . MR gVE KRGS e S BUE R Z i
A Sh 22 1 BUILPY 26 40 55 800 BOIRZS | JE IR 9 eV
AL A B A R 2 Y PR A K A
WERYRE R, FOE AL AT UL A AR DG HE ] (Arg6/
Beclinl , P62, LC3B/LC3A ., Atgl/ULK1 ) % i [
PN 2SR TR R Akt & —Fh o
HWEADCH F, HOE A 7E AN b, 2 Ake W0 /5 fE
PE— 30 AL HLE Y mTOR , WA T 390 ) 400 B 19 Wk 1)
A AERENLA S H G M, 3 AME Akt B R liFid A
— N HE FoxO3, Bk S5 LA 8 H R 2 DIAR G
LC3B /RN iz B A WebRic B2 5 A AR i
J, T Sirtuin-1 ] 125 ZBEACHE T, 71 F AR O
EH, 0 AtgS  Atg7 F1 Arg8, I TETY A LS
1.3 ZffFETEE

LR T iR AR S e e 1k R LR P o e A
AR g Vg B AR DL K Sl W R v T A
TE SRR Tk Ae i, e T S I A AR
T, Caspase-8 #{ G , 85 8% S5 4 55 U1, #8437 C o £
ORISR, AR Bel-2 S5 AR I T2 2R 1 il s 4ok
PRSI 58 1, K SR A A 1) 2 P B T 30 o, DA
MfEHE Caspase-9 RIRIG Ik, TG 1L B Caspase-9 J4i
Caspase-3, NITAFANAI T2 2 e 2R 25 1 g
( cysteinyl aspartate specific proteinase , Caspase ) 42 4fl
M dE T et N -, TR s, Y Caspase i
AT B R R AR R AT — & P G R, T
Caspase-8 . Caspase-10, Il 13 5§ 47] N f# Caspase-3 3
PATUR T, 58 U F1 BT R T B Ak B2 40 O R -2
FEPIAHSCH I (Bel-2) o TERAAR MR | | HFR IR %
I BEF T RS RL A 1 A7, e 8 R R 536 58 e, [] P

WG ROBAILE] a0 Bax TE PR RS4RI T,
1.4 TGF-BigfF

G & A(activin A, Act A) [ TNF B TS5 S
(TNF like weak inducer of apoptosis, TWEAK) . /L4
A 2 H ( myostatin ) 55 2 Fp 8 H T AR & T 4L A
T-B MW (TGF-B) ., TGF-B AU & 1) 4% il A
RS A N AN SEIE S i R e B L A £
AR R R R UIAR G, Rl JE ot B R AL T Wit i s A
¥ Smad2/3, ¥ 75 Akt 45 B9 F i T mTOR Al
FoxOs, i i mTOR & 4240 i L& F A9 & 9, i i
FoxOs #i% UPP &A%, i WLEE 45 3z B, I i
)72 R LA B £ B s A UL PR A A A
2R (Myostatin ) 3815 10 1 40} J&) 309 3 98, e 22 s LA
LA A R R, 0 o UL A B 35 5 0 A
A Loy 4 A K I F ( myogenic  differentiation ,
MyoD ) FILZH L A 1 2 ( Myogenin , MyoG ) #& C2C12
JUVAE eh i DL 8 B i UL 3 AR 35, Myo G 19 2R il 32 3
Myostatin P, {55 JULAH BELAS BB 53k R 22 % 1) il
A HVE 40, 5 ALY NF-kB R85 2 #F myostatin
FEIR AN, M MyoD 1y kP TWEAK /&
TNF BRI b1 Z —, He i R IR BRI IE NF-«B 5
o BEER AR A T 13RS FRARE # LA, A
SR B RER R
1.5 Stk

R B RS E R R A E BN R
— LRI A AR R AR P ORI TR A 4
P PR T 4 5 S JUL 200 L ) R 2R T e
SR LA AR G 0 T A7 Ay 3
QI F-la  ( Per-oxisomeproliferator-activated
receptor coactivator | o, PGC-1a) J2& I 15 Zbi AR A= i
AL AL AU CHE R T, PGC-Ta B 3K BE
BEMZRAR ATP & i K E LRI R W) & IR RE,
B WL rh 2R A Dl BE 1 5 A DG AR 1 Y 3Rk Ok
M EEILES S BRI, PGC-1o 3 33 8
KWW R F- ( nuclear respiratory factors, NRFs) NRF1/
2 Fak, WG 4ROk R 5 P A ((mitochondrial
transcription factor A, TFAM) , ik 21| fig i £ k7 K A= J
B, SRR AEARIB EE F1-2 (UCP-2) Rk
FI-3(UCP-3) J2&: il B 2 11 28 i 01, 5 kiR 4R
PHiER AL SRR UIAH O | L 3K e 9 DA P s S L
PIRES AR b B2 BT, S AL TR G
1.6 mTOR {5SiEH

mTOR {57 18 B 76 8 1 505 i Qg ke 224
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P 2 It s Jo AL A 25 4 1) OC B % . iR A i
s Bg W L B 3-34 B4 ( phosphoinositide3-kinase,
PI3K) & 1% B( protein kinase B, Akt) HIng FLsh
EEREEA ( mammalian target of rapamycin,
mTOR) 41 1%, PI3K A= A B i i ot JUL A = Wl 7R
( phosphatidylinositol 3-phosphate , PI3P) , j& Akt #%{f
AT 1, PI3P 458 25 11 0 A5 A ) 2 i i
Wik Akt 1) Serd73 1 Thr308 i 5 | I J5 W 2 k.
mTOR M & (54 IGF-1 ¥ % T ilig
PI3K/ AKT $#F KA LA ZE 44 , Akt ] DU i i 55
TR T mTOR BARME HLE ARG, R R
H: K11 (insulin-like growth factors-1,1GF-1) j&—
AP ROV T2 200 i A A A L R LR B 5 B
7, L 75 5 T Ui T PIBK/AKT A3 JILIA 25
A, Akt Al RUSUE 55 H R 3% [ F mTOR 1 FoxOs
eIk B BB L 1 B Y Jfd mTOR iR 242
ﬂ:ﬂﬂﬁﬁﬂ/ﬁ%ﬁk,ﬂiﬂ LI oL ] FoxOs S 7z
FHEME P MuRF1 A1 MAFbx, mTOR & 4% (3%
Wi T Akt BERR L mTOR P8 H 4y A% A
YA sh AT 4E 455 B 1 (4E-BP1) A B S6
R U Sk ), 1 R 36 R s AR 4 R ARE
AL LA
1.7 Wnt {5 S&E8%

Wnt {5538 J 2 B8 ORAF R0 18 3, 1A 2 201
PR I 285, GG B 2 1 Y S o T | S B P IR
AT S8 R 1Y) 2 JRE v 2 4 o A D Im] 200
825 1008 TR E AR s BT R TR T A I TE PR
2 HEHMEBREHNSEBRESSSMBER
BRI AZESENIETIEAR
2.1 ZER-FEABEER

RAEWFFE R, #8325 BRI 52 )y g Jd i i
T UPP {55 FIAH SCHE AR 45 e 8o o L 1A 25 4
W TTE T, 29 & UPP bR ilFY STAT3 | NF-
kB . FoxO3 Fil p38 MAPK &% F 2531 FIH &, i
N NG RN PR E S NI A S R /e LI
STAT3 (IR Ik, T UPP RZH SN F MuRF1
MAFbx 1 3 3k, DT BH 1k 7 988 /0N BB i UL 1) B
(AN (1 PAv SR /N G T E N TE - R T2
BAAR 1ML 375 FP S RE 40 PR 1 ( TNF- IL-1B \IL-6) 1) 3%
ik, T MuRF1 Fl Atrogin-1 FRIBAK, YL S
UPP _LWfi*S STAT3 {5 S id #2460 %
BRETILRRE R THN(ECCG) (BA 1, Aj 25
gy 4 v 24 B R BB 38 5 #0  NF-xB ( p-p65 ., p65 . 1-

kBo) [ 36 1, HE 10 0 4 UPP R ¥ ¥ MuRF1,
MAFbx &5 1Y 3 3k, 2% fif fof 988 /D LB B Ly =2
AT MBS AT 2 D R A A B O 1 2%
TP e I LA ZE 4 R AR T e S 2 il
il B9 20 B 4 06 4R 9 P (TNF-o  IL-18 , IL-6)
K] NF-«B 5 5 38 B 0 B0, ATk 2D 1
FEAFREEmR 2 P FoxO @12
i UPP B930S , A B 94 Atrogin-1, MuRF1 A9 7K
S, 3 E I MyHC FT MyoG 197K & S8 BT LA 25 45
HIVEFHSS! A E & FoxO A UPP 15 5 2% i b
Je S SO JUL R 22 4 1) v 2 58 A R R D AR IBE
JELRIN S 20727 IRE AT 55 R I JES AN B A i
P2 IGF-1 5% Akt BY7KF2K T I FoxO3 | Atrogin-1 F1
MuRF1 (7K, 35 UPP 3805 , 0B | ¥ [4) i
WA R E S AN T TNF-o IL-6 7KF, {5 I0f#
B RE I AN E3 {2 RiEHES Atrogin-1 Fll MuRF1
BRI R RIBK -, ] p38 MAPK mRNA s HIE
FIRBERR AL i A AL B U B T RS
Y F2 HepG2 fupded /N FRLE 42 48 I TL-18 | IL-
6 TNF-a FILA ' p38 MAPK NF-kB 223547
2.2 BHEREHEFRRE

AR VAN ST R AR G W M =l BN 8 NS ST 2
VAT AN [ 0 R o R e T L PR 25 4 1 B
Py sl 20 AR TR K At i o Ak, DR 4 LA 48 i Y D g
KHEBUNLAZRGR R0, 9 ) A S 5
53T Akt LC3 sirtuin-1 55, 2B EEAEY I3 2550
Al R Akt AT mTOR & A A9 Rk, HAT e it i
Je s IO/ N BB B LIVL IR B 11 LA VR, LB
A RES AN [ WEZ A 50 2 B R S T
$E7 Akt .mTOR HI FoxO3 [{# R ALK, Bt 1 %
iR R A T 05 W [ s | K =
WFFE & B, 0B R A 25560 TS 0t Ake MG 5T
oA R R AR S A bR R Y LC3B BTG PE,
it /0N BRUAE A7 00 Bl 35 A A 300 7 G0 SO0 9 R 5 1 B
ZESE" B TR, v 2 Bk 25 B 3 I A 2
A A far R /N BRUHE R AL | e H LAY 2 5 DL R LET
AR AE AR G 0 /N BRI 212 Sirtuin-1 19
FEIk R /N B LR (K g
2.3 ZREATERE

WFFEUERA , w24 SRR 1 0 i mT a1
AN TR A T PR 5 i 28, 11 B R e | i FE e e g 0%
i BT DI fE , Caspase-3 , Bel-2 & PEA/ 4 JE 58 127K ~F
B 7, 2 EBRMYE L E Caspase-3, 155
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[ TR F DI 7K g A0 B %) 0 T, A Sk 3 e o
ERDBY ) KRR S HCT 116 (N 45 i 8 40
JfL) BIPRT-#F: Caspase-3 i 1335 19~ o, W] B B 7
B i 9 /0N R A Ul A 5 S Y L P 2 4y
LT ALK ALY AT 00 4T LRI 1796 /) By i LY
T8, EIRBTIA T8 H (Bel-2) il Bax By KX
], FEARARE 9 T 25 11 ( Caspase-3 Fll Bax ) 7K, 5
PULRL PR T AR O T B R R

2.4 TGF-pigfz

H A R 53 TR AN BE P AIR Myostatin [ 383K
P SMAD2/3 BRI , I T+ p-Fox03a 3Rk,
[R]85 150 5% MyoG . MyoD iKY T [, KT
R IR LA ZE 48 B MR AR R 4R B
AL 3E 5 30 ] Myostatin 1 RSB, P8 15 4H 5C 3k (] 1)
i5, A4 7 ActRIIB , FoxO3 . MuRF1 , MAFbx %5 %& 4]
25k, 4 p-Akt Fl p-Fox03 Fi5 , AT i 350 %
LA ZESE Y
2.5 ZuffigE

o252 R OGRS B AT Re3 AT ik
fI$E PGC-1a , TFAM NRF1/NRF2 7£ P i) £ Ri 1k &
BOCHER FIERIA , Bt/ BRUHE I Lok 14T 25 A
Kk, 388 HE B LS £ RN WLET 2 188 455, 0ok 22 50 4 1k
N, B LA 2 45007 [WEE, fR T
RTEAHE T E WK UCP-2  UCP-3 mRNA HI%E 1%
IRAKOF B Ape™™ " W Jot /)y BRBE AU UL IR 28 4, e
BLE T fE 5 1038 T 1L-6 & &, UPP 3% M 32 #)
FoE S
2.6 mTOR 5Si#E%

RS Y2 X 48 e 2 B R IR | VRN I 38 2ok
I IGF-1 (97K, % mTOR 15 - % | i i e ik
FULEE P A5 B 2 ik 15 5 UL A 28 450904 i 489 98
e AN AN ISR R S EZTD O o 4 L o
ZIRBWIREE B IGF-1 A9 7K - [ B 4 ) Fox03
T8 UPP B3, NIz R & 1§ E3 MuRF1 A1
MAFbx 4 7K S 30 1 LEE 00 [ A 50 4ig i
i W, AT mTOR {55 19 Hh 245 J B A 2 B2 4
PEZVEIL IR R | JEANS . 4 B 2 BE G IR IR | JE AN
AL EYE IGF-1 K, 35 S LA A A G A
- (p70S6k 4EBP-1) 3 , HE ML G 1k, K42
TU IR TR L PR 25 4 A O
2.7 Wnt{ESiE®%

I W 4 2 L 2E A A, DU T EEEE PI3K-
Akt F1 Wt {5538 % 22 fift 987 DR 0 5T, {H X AR

JERET RIS SR Z AR S TERT T RS R
W, REEFILEREE FRREE (EGCG) REME M i
Wt {5538 e, DT 400 ) G SC 90 Be ST Y 1
| MERE ) TR O s RN U s -4 S i el @7 RN
— BB R 9, LC-MS/MS ) BX & IPA ( ingenuity
pathway analysis, i [ 70 AT 401 ) #E47 TR R
Br, KK LA H & T BRI (epicatechin gallate,
ECG) il id Wnt A& mTOR {5518 FE 14 5% C2C12 4
Ol AT

3 BREERE

FETF UL SCEREE IR, h e s i A 24 1 I
B HLTHIF-E- 8% LA B R A 10 455 5 a8 48, 280
F R 1 A BRI B AR A AR A S | [
IR AE Bilan, [ — A8 F Tl e S 2 MG
SRS SEAG MM, Hik, fEE T
(2 25 470 B 8 S0 JOR A F 9 7 78 % B A% it 2
[i] (4 IR RI AR T, A6 XoF 22 388 866 %) % gl PR - 0 A 5 A
[vi] — 38 A T B [ i 4% 22 ) 2R 15 SR BRAF 5, v i
WRERBL P R T 20 TR

ST iR S S5 1) & ML A T i — A Y
W, A i SCHR 2 BH 1 1E 2% PR Ay i3 205 o AL A
U AR A EORRIBEAE B 19 &2 2 LA, B — 1
T A AR M 2 ) R o A O, S B DK 1) 25 )
TETT BB BE 223097 78 5 2% 1 e 3 a5 R
ANREE BB E R, B B AR E IR K
iE , T R AT AR PR LA, LA R IS 2 A PR A RN
M0 I B AR RRE B R I DR M s
GRS REy Nk sl = S L SRy o O (= N S =11 R Z =207
iR S T R 1 I AR e S R T LA 2 1 A A
ML IR A5 B ) AL B, BB Tz & -
RABHAIE A | A WA B AR A2 | K i 2R RO %
& .mTOR {5518 1% . Wt {55538 #% 5 8 WL
T AR S, 56T P 2 5y SRR IR YT R
S 4 BIL A i i D K R G TR A B 5 R
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Vascular endothelial dysfunction and its functional assessment
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3. Research Center of Translational Medicine, Central Hospital Affiliated to Shandong First Medical University, Jinan 250013 )

[ Abstract] Vascular endothelial cells form a thin layer of flattened cells that cover the surface of the vessel wall, As
an effector tissue, the vessel wall responds to various stimuli to release vasoactive substances to maintain homeostasis.
However, endothelial cells are prone to dysfunction induced by multiple pathological factors, which is manifested by an
impaired vasomotor function, thrombosis, and arterial wall proliferation. Studies have shown that vascular endothelial
dysfunction is closely related to the occurrence and development of cardiovascular diseases such as atherosclerosis and heart
failure. Therefore, effectively evaluating endothelial functions is essential to prevent and treat cardiovascular diseases. In
this review, we discuss the functions and regulatory principles of the vascular endothelium and its relationship with
cardiovascular diseases and summarize the basic principles and advantages and disadvantages of existing endothelial
assessment techniques to assist in the diagnosis and treatment of cardiovascular diseases.
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Figure 1 The secretion of bioactive factors is unbalanced in

vascular endothelial dysfunction.
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AWt 22 AR BT 4810 0 5% A B0TR B 5 7 BRI 10
T,ROS A it Z | ik A AL A AL T IR S B
FTBS, X I LA B AL L

TR, — 7, % B R 2 1 (low
density lipoprotein, LDL) # 5 #% 1k Jy SE AL AB A 1K
%R B H (oxidized low-density lipoprotein, oX-
LDL) , 1 J5 # I B IR 40 i 0T 2 5 sk HE B e i B
J8; 73— 5T, NOS — SRMCRTRE 1N ff il , T B0 4R
H BT EE NO AR i 22 | ik b vl LLAEfE NO
IEH 5% Ak S 2o 5T A R AR 25 - ( peroxynitrite,
ONOO™) , 5 #H A FEAIR NO AR EE, T 2 5
A5 VST A7 R 240 L 7% 65 R R0 485 B o3k 3 Jok R A 1) 43
P50 A, SRR R VED A8l bk ok B 58 1L 1
RARHZE,

NADPH % 1L/ ( NADPH oxidase, Nox ) & & #)
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JE MGG BEH ROS ) R ZR I, & EE AL Noxl |
Nox2 Nox4 Fl Nox5 PUF i %Y, HHr Nox1, Nox2 F
Nox5 FJH4HI O, I AL, [RIBTREAIR NO (R, i
it VED, A WF 5% & B i & b ¥ i ( peroxidase,
PXDN) A D38 i3 NOX2/HOCL/ Akt i #% Ui /> eNOS
BRI , AT 5 | JE S A S AL K 7 ) (advanced
glycation end products, AGEs ) 175 5 ¥ ¥ J 95 L 45 9
Rz I g s o PXDN i@ ik H,0, P74
HCIO M i fin 2 ifin %5 4804k 2 38 5 i NOoX2 {2 fif
eNOS AR BRI Hml R (L K - R#AIE, 530 NO AR AR
D S VED &AM /N RNA
UUER PXDN =5 B NOX2 #0] isk_b A 155 00 m] 45 %)
BEGM N BRI, A R A AT R S
L6 ROS A% 45 BEAG 1E 1m 4, 92 R B, 4 KT
A Nox4 £/ H,0, BA AR 1EM , J5 & vl
i AKT A6 1) eNOS B R fk ( Serd73/Thr308) K i
SRR NO™ BbAk, 7N BRI AR Y, H,0,
Y& N JZ 45 A 8 Atk I F (endothelium-derived
hyperpolarizing factor, EDHF) | 18 1< 45 175 19 £ 18 18
AT 117 SF UL 20 B A Ak, DA T 51 i 4 &
k150, I, Noxd FI 3% VED FIsh kil £ 88 1L 11
K,

3 VED 50MEHR

3.1 VED 53hRkRHEEL

757 PN B2 368 385 1 38 = A VED B 2 L 3
JKSBAEREAL )R B K 3R A IS e — I sh i S g
B, X A AR L, S IR IR A R BT
Bl KRR A Ak g5 728 1PN Bz 3 3 [RI Western
blot .78 MLC 1 L3k & % 5% ¥ ( myosin light
chain kinase, MLCK) [ 31k 1t 35 48 5 | 3 2655 A8
FEREH ML7 (MLCK #1477 ) 5 #84058 8 . MLCK %
IR MLC BER 1 (2 {57 A 1 24 6 e 20 A T {7 HL 3 375
PRI , 5 R N B HORSE M 1L 48 9 5K ) B 52 15 FD
SR RERE AL KA1 eAh A B 40 i ) R B
NS5 T g KBEAR ) & J& , S5l i B 58 R B, 7 1
A ok o A Ak A2 a] DUAS I 380 A /) I e
TR (CCs) W B, CCs I 8 A K2 48 I P A DT B2 ARG
eNOS HYRIBTEVEFT NO B4 B, b IRRG B o3 iy
IR BRAZ AN RORG B 30 N B 1 e 4 S B0 B 4
IRERENT . sirtuin6 ( STRT6 ) — A I IR 2R — A% T
TRRARSE 11 5t < T Pt A o T A% P 7~ B2 A OGP 1 2
( Nuclearfactor erythroidderived 2-like 2, Nrf2) [ 1A

M5 CCS TIE A N B P RERR AT , X AT g 2 3l ik
RERE AL TR T SR LT R B

B 25 1 A il R 3Z K (scavenger receptor class B
type 1,SR-B1) J2 {57 T 41 Jitd 3 11 /1) — F 222 15 5 7% 245
P B 0 T RCE () —J0URTF 52 15 K38 7R T SR-
B1 A8 o 5T 43 244 FH A F 4 (eytokinesis effective
factor, DOCK4) 3K 51y A1 K¢ 4l il LDL J50h: % Jifd 75 1
F, TR 3E sh ks R A i) 267 5 TR B ik
ARG, TE A2 T2 U, /)N B 3 Ik i) o5 4 B e Je
X B2 N 2 ok R B Ak Bl Jok rp 24 R] G I 2] SR-B1 Al
DOCK4 {26534/, H SR-B1 FfEil 5 — R fE
PRI 2 AR L, AT 5 385000 M 655 0 11 2B
PLHCETXE SR-B1 14 25 M5 A1 5% sORE 18 2O 1L A8 9
BT RGBT 1M, WA, A B, N B A T
i % S I F- (forkhead box protel , Foxpl) A] LA P
PR SR/ M5 W, DT SEE 52 2y Ik ok 1 A AL T I
k&, Foxpl % WM K Kruppel ¥ K ¥ 2 (kruppel-
like factor 2, KIf2) BT, ZEIR P 8y UIN JIMEH T,
KIf2 B4l f 2 Foxpl A= gk 2 | e fd Py fz R AR
ASE I, 5 25T B 50 Jik 1 95 78 T i 5 T = A At
TR 4 B KU2 5 Foxpl 78 3h ik &) Jg i 4 P
BRI | U LA 8 RE DA T X Bl Ik A A
IR
3.2 VED 5.0 /1Ri&

WEFE R B, N B2 D) BE R A% 5 0 ) T2 35 (‘heart
failure , HF ) Z [B] & T 22 7 2K IR & | 76— T Il IR
WrFerh, nT W R) HE EE AL 8
HUVEC HORS Bt 3523588, AT S0 & 1. 2%
IR T S Ll S e A T R
B0 e HF BMEIT, AT 4 S S O N B
PR IE, &F 5K M0 3 S48 5 i o> BOOR B PO 3
( heart failure with preserved ejection fraction,
HFPEF) , #T4E3K HFPEF 1) % i Bl il = | Bl &
FE E WAL It ek JLAE HFPEF A] BESCN
HF (29250, IFH, i T AAMIXT HFPEF (9%
DIos A A AL i AT A, H BT — S5 X 5 1M o3
B AR M 0 3= (heart failure with reduced ejection
fraction, HFREF ) [ 254 % HFPEF [y7 RCAI B -+
SRR, OIS R GER A A o S i, A LR
i Cr AURE I P 1 40 i 52 4 i 2 B0 NO AR FH s
557 BE & HFPEF A% 19 I K 98 A8 58 2 583,
HFPEF i # 2y 40% 17 1£ VED, — 4& fff 5% 3 1]
VED FLE 4546 58 AT 5 HFPEF () 4005 FZE 45
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A, F L FZE AR YT HFPEF B8 76
BRUOY S AN FEVEREE T AR A B IR
JE IILAE 45 — 2 310 0l 45 6 B 5, VED A5 AT AR 2
HFPEF £ A0 i A48 =5 44 b 37 100 5~

Yamamoto %% % ¥, 5 4F HF % 4 b,
HFPEF F8# I3 it SR A AT A= 0K OF 1B 3%
RS, A BH,/BH, HO(E KR FEAR, DL 25 42
N BE AR K LB S ROS/NO 7K 2k i (eNOS fift
) TTRES S T IMAE N Rz T g A RO IR 4T 5K ) fig
RS, HEADLEIZE T ROS AlK: eNOS Ay 26 B4 1l
BT BH4 A4k, A B T 76 PR 1) — & AR s
( dihydrobiopterin, BH2 ) , M\ 1j 5] #2 eNOS it ¥ 5%
PRIt , AT T o 0 b e R R 33 HFPEF FE 5 1Y
R D RE RS, A W9 A B IR AN AR i = 4 5-HF
FE U R AT LAE 3 i eNOS FE I AT NO A i
IR EA B ORI & NO AR, A
PR R 38 0 A P B I TLAR R B AT X
T HEPEF (% WA 0 5 m B A, MG IR f BB &
HFPEF $IA N & — 2210 | 248 B 5 I I R 25
AAE , Schiattarella %[54] 57,1 HFPEF /) A AY i
EWERE T HFPEF B ZHRHE  JH SR K A
PR ORE K H: 32 E Ay T iNOS Y 3 1% (iNOS i S
IRE1a-XBP1 i #% %) & HFPEF A& i 3 S5 21
A BEHLED, B INOS B HAd AR 48 A 5 f LT
Al g HFPEF BRI H R A2,

ZE LTI  MAE P9 R T RE R AR 50 M4 1Y
B KRBT Ay IR PR AR 4 N Bz Th e R
HLEL

4 IME M KR INEER T

A ET A PROIE X P R RO 1M 47 R S
A PR B A P i A 5K L Py R AR I A A
ik 5 PN Bz A0 AE 24 4 el AR B R B NO, 1
FH 03818 WL A il A8k 5 A8 P R AR ot 4
F K PR AMEYE NO AU Canas iR T RS ER AN S )
TR AT B R R T A T i LS R i &
sk BRI, B 5T AT — B B SR VAR i A S L
el A 2E FMD (%] FESZER | Sir se4E ok |
HVFZVEAG LS N B2 DRI 7 v, AT TR BT L4y
RIS, BV BIPEAG L FJERNITAG 2%, A BIPEA 7
FEAFE AR S N Bz T RS I, T TG BT AR 2
ZLAFE FMD  SFE B KoK I E 2 (PAT) M A K
FRIE M (PWA) RN AE S AR iE AR T

A ARSI A5 5 1%
4.1 BARBORKA B ThEEAL I

ARITEAL TR B R 5 4R Bl Ik P T 4 5
A A (L4522 1t 68K 3 ik 3 52 32 R 75 LG
EHSEEREOR ) | vk iy J5 B 38 4o 1) e IR 3l bk
A SRR | 3L TR P e B i afi A 6 5 [
M 56 R4 47 3K 7 Ludmer %% R, 5
TEH SRR S AN [, e R S AR S ik oS A Al Ak 8
AR s B SEEAR B ko4, 3 S s e AR N B2 T RE
RAEREAG TR A AT T 3 2 T A R T e
SR MY 5K X KRB LREARZ 4, A W5
FAH R0 J5 v, A P RE 26 1 b 5 IR [
LDL—JIH (B 2 938 0, Ach AR B9 e ik 3 5k oK 7
FEAK. JEok, Al-Badri 557 SIESE AN A M4 4 1 2 g
5 kN B D RE S A AT — & R AR e, RIS A 1M 8
PN B2 T RE FT DAAR B 1 S5 1t oA 3 AR 12 St AR &l Jok
Ut & D RE LA S SeE AR 3 ik i 6 25 00 . Rt o
ARSI KT 487 PR AR AP R v XU P HLAS 38 T K
PSRN TR = AV o0 N7 O ol 1= [N S o
FRST B G AFAE , A0 -55  R AR Ifi & K S
BEEFENHK,
4.2 B FE @ -5 A Bk W E &
( peripheral arterial tonometry,PAT)

21 2247, 1 Ttamar Medical ltd JF % 1) Endo-
PAT ZR4Gti8 2 5w P 78 1t - A1 J& 20 ok 5k o I 2

(reactive hyperemia-peripheral arterial tonometry , RH-

A SCHRIRIE DT RS A R — A LA
HSTEL RS A ShiH 5 RH-PAT $5%0(RHI) , A R
4 RHI=Ln{ [ RH-PAT .fH ] - [0.226 - Ln(F£4k)
-0.27}, BI 4y RH-PAT {HHUH SR XHEC . BAR,
RHI 8K 7R N J D RE AT, ) Z 8 2%, RH-PAT
D AEAR KRR B L R AN T4 3 1), A [l A
NGB [F]— 44 N D3 PN 3B 2 55 0 45 R 1) 5% e A
DIZBSANTE, R 0F5E s RH-PAT Hi AR HA R
WM R 5T & AT M B E X R AT S, &
# HI PAT F1 FMD AYAH G R IR E, SRT, AR 24
HENVE R A58 H A — Y, Matsuzawa 251"
I FMD I 14 1 G ORI 14 K S5 RH-PAT
Z AR b 2R DG - 5 AT AR O s A5 1A AR I, Lee
ZELRIG0 Sk PAT I FMD 22 8] A AR, B Z it
JRUEE PAT WA 50
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4.3 Rk#EiK 47 ( pulse wave analysis, PWA) (&
T AR FRREIE R A0 TT 6 A 1L 4G

PWA ; KA I v B ST iple 25 Bt i A8 B 5L
B Ik o A B8 A 1 2 J 7T 28 Ak, WG 3k o BT s S D
HE5 A 4 LU RT ()42 s e 0l 4 TN B2 DR, 2% B AR AR
BRVEE K R E A 227 RiAE S AR
VO I8 N B2 AR 3T U1 0 /E R o 30 s g 1 7
I, 308 300 28 R 7 i e R 1) L 2 7 0o
A BRI PN R T RE , %R RS A FMD IR
TN A=A - 1l PR 3 A5G A LR Py bR ic ) e
I (4N ADMA (CRP | A J 28 F A i 4 440 i 288 FfS 2
A R AR R A, H b e 1 A R A D
AJ SN B A5 R AR DL, A5 R e S R 1Y
FEA AR OC . MG PR A= Wy Fr iC P s D T 35 R AR o
R, i R B 24 LB HR AR A
TV RS 22, B 52 Z2 i DR 2210 52 il 45 650 0 T
ARME I HIAS N FH T 1l R S i A 2 B (% 1)
4.4 FMD

1992 4F , FMD 5 A —Fh G A9 A Bz 2 g
RG], Celermajer 251 38 i3 #8 75 %F ik 3 ik
PR #EAT T IFAL . 2002 4E &R T FMD 1Y
FE g WA T L R IR e e B
KR B EERAE , SR J5 4 1l e 1 BT i 25 iR O
KT 2~3 em &b, @3 g5ty 5o <, A5 1% & T

e 4s % 50 mmHg (1 mmHg~0. 1333 kPa) 515 (EFT
AL IFHERE S min, DT GE AR 5 R B0, Bl 5 %5
A FEUSUS 60 ~90 s PN I 15 50 Jik ] — 34
NS FE LS A P AR Ik Bt DAL I Y37 1) AR X
SR T — AR BT VI A7, v S P R 4 B R
NO MBI MY 5Kk, MY KEE S NO B
BB G, B ST L-NAME 7] 5 3 A% FMD, JiF
B FMD 55 P B2 DR =22 [ 5 RAF A OGR4I
A L 3 e B K AR AR X T IR
A3 HERVEAL M8 9 K D fig, BLAR A . FMD = (J
PR FE L R BH Ik P A2 — s R P T I i B 20 Bk Y
1) / RV FE Il T AL Bl K N A8 < 100% , 3 B84k
KAt I PRUE S 22 WA L 3 ik FMD 5 9 52 D) fig &2
TS HBUR TIME R I © B B 2 5 i 12 32 91 5
R AT HP A N R DR B b

KM FMD B0 I AR 5 R AT E WA
T T N R D) e R A A O LA R R R, —
S0 I AE R R 2R, AN A IR W PR | s i
NE S5 &R 530 VED, R3MA FMD {H T, DL L
PR 2 TT DA e — A~ [ A A, BRIV 4CAk 17 3ok 34 m
ROS (ALK, e S50 NO W Rl A1 FH 2 T I, N
FeETakZ W (& 2) o FR b, XS fE R P 2 Ak
ANTHCHA (B3 | AR el | A A ot 335 TR 1 e K - 2
WG T N B MR I I T 5K R, R NO AR AR

R SPGB REIAG B 4 R R A B s

Table 1 Principles, advantages and disadvantages of various vascular endothelial function assessment techniques

TR J5 3
Name Principle

Pt

Relative merits

TR BNK P 1 DI REAS

Detection of endothelial function ~ Coronary  perfusion  combined

of coronary artery quantitative angiography

SN A FE L~ A0 Bl ik 5k 1300
TE
Reactive  hyperemia-peripheral

IR $ 2R Bl kel 3 2R AU 1

R fingertip artery
arterial tonometry

ok P 53

Pulse wave analysis

S e 2 ok Aes it

Reaction artery stiffness

128 S AR IEAR
Strain gauge plethysmography

&) FMD
Same as FMD

TEERAE W4 10 A I 0 1 2R P OR

pstlest e il e

Nonivasive Circulating biomarker

biochemical examination and microalbuminuria

SEEER B bk PR T 8 1

Measurement of pulsation volume change of

detection

KL, A4, FERT AL SRR

with  High accuracy,

invasive, time-consuming and expensive

H SRR = AR A

High degree of automation, independent of operators
FREVEAF ARSI

Reliability is controversial

Jof, e

Noninvasive and simple

AR R

Poor repeatability

AR, AR
Low cost, operator-independent
SRR
Low specificity
B BT R AR, 0T i RO S 2% 5 4 R M 5
RAEBIREA ARG
Former requires large sample size and complicated analysis process;

accuracy of the latter results is directly related to the sample taken
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S E AN

BRSOt PR AT S 52 56, FMD AR 9 5 (R A6
B, TEAAL FE/IN B, AT LR S0 /] — /) LAY i
EIIREHEAT B BR P A, B S A R A UL AR T
Schuler %V XF /NI FMD ()45 BEARFIESEA 7
filid  IXIEWTFE CVD Iy IR L s e i, |
HIT FMD 15 R L8 FH B¢ I 47 P Bz 40 20 B A
F-B, 75 B0 LA B AR R AT AR A 0N BRUAY I
EHAR OO AR B+ 22— T ARSI Y
AP A MRI SR N 73 B R BRG], JCI57E /N R B 52

K BE A3, Ot S AH T E T IR (optical
coherence tomography , OCT) £ AR & —Ff 5& T{IKAH T
T SR RO A 2 4 AL P A [ TR
AR N G A RS R L R R IR RS 14
JE LTS A S TR IR A BT Y AR ) 2R
FG —oRYE, OCT HAR sl LUk 5+
TOK R LR F 40 FRE T8 75 (9 PR A Ok R4
PEm T 10 £%, H OCT B ARPHA Pk =2k i1 g
3, AEXF A A & rp AT AR R R AR 50 4 e
OB A A BRTE 25 | R AT B AR (8] 3,51 A &% 3

2 A fE PR - A AR D RERERT (FMD | ) - I A5

Figure 2 Risk factors-vascular endothelial dysfunction-cardiovascular disease

T (a) W1(b) A T AR AL, /0N BB 30, B XS A A Ta) , S0 2R SR ) 2 AR g 2 0 i A7 S () o7 8 B4, 51
IR, M OCT =HERfR, m] LA i T 4RI 107 2UH ff AT ELAR RO I EER A T A 9 1R — (15
B3 SR sl It R 28 7 = 2 G b AT AR AR A 4 3

Note. (a) And (b) measurements from different times. The imaging areas are slightly different due to the movement of mice. If two-

dimensional imaging is used, the diameters of different positions of blood vessels will be measured, resulting in measurement errors. OCT three-

dimensional imaging can ensure that the measurement of blood vessel diameter comes from the same position of blood vessels by looking for

reference points.

Figure 3 The measurement error caused by animal movement can be well eliminated in three-dimensional imaging
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HK') S H RIS A S8 AN B FMD 3 R
Ao PRI IZAER A /) B LA D REAS I B AT 2
B E . (E2, A0 H T8 A R, OCT $OR Y %
BURBEAR , 76 SC 30 AT 7 39 0T Bk, % 8 4 AT
W, BTEL, OCT (035« op B R, AR 1
P, AT T = HE AR s 25 0 AR TR AR, L5
3 BT R

5 BESRE

A5 PN B 2 AR P LA s B A R o 6 T
A8 B, B AT LU N AM R BE 1 48 A6 3 22 i il
EIEMEY PR AERe LA N IR . SR A
P AT, P9 B 200 b A2 5%, e 3550 787 5 12 4
T NO Az s> LA & ROS A2 il %2 |, e X 51 £ F
DA BRI &, DR, AR I 9 Bz T RE X T
O A5 0 1 R I 0 x| i W YR T A AR
FH 50 RT3 48 i N R A 306 5 ALK S, I AR
o, A N B B R 207 T A QI E A Y R
TRER BRI, PAT . PWV TG A A A AG I 25 0B A6 )
T B R L B vy I 1k KRB R FH F IR . H AT, FMD
YRS —Fiili R L8 FH 09 A K D se e il 75 v, 78 OCT
RGN SR TR TS i oy, i R 5 8 43
PERE HoAT AP T P = 4 4 2 e, R
T, M EE T8 75 A%, OCT $2 AR (1 5538 TR BE AR, 78 52
BT Y R Rk, R R A HE TR, ARk BK
VAT DAIE 5 32 5 R 40 R S B TR SER BY I 2
JER T A5 AT BCAGE , DA A /I BRI 47 0 B A DU B3k
FNEHIEM“ TR,

S 3k
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[ Abstract]  Accumulating studies have shown that long non-coding RNA (IncRNA) plays major roles in endothelial
injury, inflammation, cancer, and autoimmune diseases. Systemic sclerosis (SSc) is an autoimmune disease with an
unclear pathogenesis. IncRNA may be involved in the occurrence and development of SSc by regulating immune disorders,
microvascular disease, and fibrosis, and may be a biomarker of SSc to predict occurrence, activity and progression of the
disease. Therefore, IncRNA may be a novel therapeutic target of SSc.
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PRER AR 2 — |, MIVE 28 b T SSe W ATE 1Y & bl
HilK BT SSc IR 2 Wi RGYTY . 2 W5 il
T v U P R A B KA AE 4B RNA (long non-
coding RNA ,IncRNA ) 7E HLAZ 5 s vh R 4 AR
IncRNA 7[5 DNA RNA (& AR TAH AR, #
PESE IR BB | 5% 53 DL B SR I i 2Rk ol
A A P, IncRNA AJBESE SSe & ALl (1)
T HH I [HE T IneRNA 7E SSe HAYAE F it
KoEWIHh, B, A SCHE IncRNA 7E SSe g 2k
JH RO AR 2 R AR B AR 4R AL, DL B SSe IR
WA T T AE TR R 58 0 e E AT 2508 T
SSc ML mpARIT IR IES % |

1 IncRNA #%it

IncRNA J2&K B # i 200 MR I HLIA
T8 T AE ST 5 RNA . KRZ 8 IncRNA 2
RNA R A& 15508 i, RA DECE R RNA R &
i I %% 5% , HLAT mRNA FES5H,{H IncRNA £ mRNA
FEIR AR . AR IncRNA % 55 58 51 75 85 11 53 2 )
RN E AT AL 5 25 4% F 517 mRNA A
A FAYIE X IncRNA  Zi i 517 mRNA Jz X5k
)2 X IncRNA Zwh% )7 5% H mRNA N & F P&
T IncRNA gt 751 56 275 P~ mRNA A 5 2 [8] (1)
FEHH] IncRNA gt 7 5145 F 28 L K5 3 1 kb
NS N (SR 3 SN Syl Y i O
IncRNA™® 5

IncRNA HJREZ A H A 4%, IncRNA AL AT LUAE
/K (=0 7413 57w Sl [ B 0% o 1 572 0% e Rl L R
mRNA A 5% s 38 ] LUAE by 38 4+ Pk 9 RNA
( competitive endogenous RNA , ceRNA ) , Bl “ 73 i
a7 55— S B AM S A9/ RNA (microRNA,
miRNA) 54, T A0 miRNA b H 0 3 D] ) 30 4
PERTOT, EAh, IncRNA 76 A 6] B #5541 40 40 il
T R RESE R RGE | H RO FEAN TR , e
I AN [A) 2 R o B 2 A T AN [R), IRLBE, IncRNA Al 7T
YERBIGILWE 697 MBUG RSk &

2 IncRNA 7t SSc HpI{ERHLH

PERIE , IncRNA 75— 26 [ B e Py & £
KR LA, Yan 251 BFE 2 72K
M K B, IncRNA HIX003209 38 s #1 [i7]
miRNA-6089 , #4151 A kB ( nuclear factor-kB, NF-
kB ) 15538 [t , 412 32F 10 200 R ) 34 5 0 2% R 240 e PRI

TP, INE B RAE RV, Liao 457 #F 55 IE
SZ,IncRNA RP11-2B6. 2 7E R 14 B 4 B4 1 B A
A BRIk % IncRNA S 30 4 715 5
& 5 4 il £ F1 ( suppressor of cytokine signaling,
SOCS) 1 iy s AR B A A 1 A4 2 0 o BB
. SR, IncRNA 7 SSc &R ML 19/ FIATS 8% %0
ZHA L BTN N, SSe K AH K 1Y R T 52 5|
IncRNA BRI, il 5 | 62 5005 ZR GE 2 1 | DN Bz 40 Jifd
100 A2 i R M R AE , e A T B LA S AL
AR (WL 1)
2.1 IncRNA 5 SSc ®Z K

FE SSc Hf I LA AR 2 bR A0 i R A AT e A
G A L T 5 T 0 W 45 AR AR A A R R A
B, 0 (40 L4 2 (interleukin, IL) -6  1L-8 M8 51
BT o ( tumor necrosis factor-a, TNF-a0) b A K
[H-F - B (transform growth factor-B, TGF-B) , T E Ak,
21 2k 20 L2 A S LR 2T 28 20 i, DA T 5 | S 21 21 4 4
1B T K (interferon, IFN) J2 W J&—Fft 57 A1 HL
i, °T LA 1k 5 AR I I sl e s e i TN
JREAE SSe ML K& FE BN, Wu 27
KW, THE I A F 7 (interferon regulatory
factor-7 ,IRF7) J& e JE IFN =4 () G F 7, HL R Gk
IR T Z 5 1Y SSe /N BURZ JEk b 25 34
AR TRE7 J R AT LA il 412 48 PR B e Jit 2 1 7 ™
A= WU SSe /N BRAR E N T Bk S B R AF 4k Ak
Mariotti 25" #F 5% & B, IncRNA NRIR W] LA/ IFN
RN, 51 SSe fE REE MR, 7 SSe B HHE
1L B~ 4% 40 MY ( peripheral blood mononuclear cell,
PBMC) H' NRIR fyE1k 3 L1, 4T3 PBMC
) NRIR ik, IFN 3 K C-X-C FE 7 b K+
fic /& 10 ( CXC chemokine ligand-10, CXCL10) A
CXCL11 B35 K-t [R] A B AR, 177 3 3 i 4k P
TR S A, 3 SSe F R TR A A
SN, Servaas 25N it 43 M SSe HRH 1L S BT
P AN 886 1~ IncRNA 7E HLAZ Al fifd v 22 S 335, L
i1 IncRNA PSMB8-ASI 2 SSc 3% PBMC LA %
IR B OCEETE 5 I, 1% IncRNA AT $5 1L-6 Fl1
TNF-a B3 1, 24 PSMB8-AS1 ik b BT, IL-6 i
TNF-o BIKF-38 NI H R R EF A i AR BE L fin g

Zi ] WL IFN N5 SSe s 2 i VA6 |
Guo 22 iIEW] Anifrolumab R 3] IFN K20
S5 SSe B F M H CXCL10 /KF-F1 CD40 Fi A iy
FEAR, W42 SSe FR A RAE M H AL 44k . 1M IncRNA
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B 1 IncRNA 7£ SSe &L - rY1E
Figure 1 Role of IncRNA in the pathogenesis of SSc¢

AL DLETE TEN J 5 1HE SSe #3500 y2 20 it b 41 48 [H
TITEAL, 51 SSe e M, LR ASRT P
ZIAIER R, W R SSe 2T AT $2 468 i L%
2.2 IncRNA 5 SSc M E R

SSe ol i A8 5 A5 T BE S Fr T P B2 40 i 37 31 46
i, FEUMAEBAS , S50 518 R FR A 2 e il | e 2855
R B A AL DL B2 R R BE S iF5E B, IncRNA
STEEL .IncRNA GATA6-AS FI IncRNA MANTIS 2 Ifil.
A B BT R, 3K 28 IncRNA J2 3 3 1l 3
Bl 7 R AR A SRR R A AR B L kA, — sk
IncRNA F5% 235 v] LUINEE 145 9 B2 DO RE s i, 51
EEFNPT KL, Zeng S5 WIS BN, 5 (g BR
NBEFI L, 148 T8 B 8 35 17 H A9 IncRNA ANRIL
JKF-F+ &, ANRIL # 1fij 38 3 # [1] miRNA-99a Fil

miRNA-449a, [ F BEA OCHE A beclin-1 BY3RIA, 51
R LA VA 2 P ) 2k K T, R 0 AR 3 AR B
B A PR St UE B T3 ANRIL 19 235 7] 3k /b SD
KA IMATE B, Zhang %5 5T % 2R, FH =5 i o
TN 8 K PN B2 40 i B 35K 26 P B2 41 IneRNA
MALAT1 f) 3k 7K F & 2 F &5 25 0 ] IncRNA
MALAT1 (23R, e i P B 20 M3 5 3 4% A
AR, [) B ) PN Rz 40 6L T, ) T PN R T g
PR ft HA H

TE SSc H, 2 ) ST 15 | 240 BE 39 56 R0 240 B 0
Xof Bt A 28 Ay B JF e A S T LA R
Hi 5 ] S B0 A RE S AN Sl K B ZE Y 4
JEWIEE D1 J2 e 5 B0 40 A 4 A A DG 3R I
— 2 Takata 2 5T R W], 75 SSe HUE AR K Jik
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H1 IncRNA OTUD6B-AS1 Ay 33k T i, fiff I s L 5%
¥4 IR (antisense oligonucleotide , ASO ) 4 E {7 1l
21 4 4 i R N il 31 K - 9 JULAE B OTUD6B-ASI
(2238 | HL Rz BT 20 40 it 0 N 3 Jik P T UL 40 i
AT Z B0 H] . A, OTUD6B-AST i {3 i 14
IR P AR 1 D1 A 238 K7 il T B R &
21 4k 41 B AN i 3 IOk T T WL A0 B % 35 5 {H X AT
Al A — P 400 o) 40 e O T AR AL, X S R
OTUD6B-AS1 i i 14 5 4 e il Bl & 1 D1 i 3R ik
Skl A0 M A T A A, NI B 1S T SSe 9 1l 3 5

Dolcino %7 X3k [ 20 ] SSe 4 Fl 20 i) f
FEAEAR PBMC H' IncRNA ik 10 #r B, Hf—
> IncRNA ncRNA00201 7 SSe "' & & T ¥, 1
Sutaria 25 HF 5% 2 WH1Z IncRNA b A] {ig 3 A 40 fifg
IG5 A2 22 M, 20 X% ncRNA00201 2 [7]
miRNA FIEEE A 0015 B 2% 40 B 3R B, LR L [ 5
Bt ¥ M % B H  C ( heterogeneous
ribonucleoproteins C,hnRNPC) 7] 4 fi SSc AHICHY A
EHJE, IF H neRNA00201 7EIH Y SSe B L4572 |
H B LA I 1 ZUR 2 B AT A AL rh b ke 5 A
FH,3X K IncRNA 7E SSc & ALl H (9 0F 5% TR T
B BT B IneRNA A B HA 45 SSe Il
R AR AR, H H AT IneRNA BB 5T 22 6 5
M FEAR ST HT I 22 T 3R 35 i B B VR AL 4
ANA-I3 5 BT E T 22 A REAR A R tE— 2 i I R
R 2 B IncRNA 7 SSe IL45 9% 728 vh i V6 1, it
MK SSe BIRTT T B G
2.3 IncRNA 5 SSc 41k

TGF-B B AT LA 5 5 Ji 2 11 R Al 200 i &1 33 Joie
FRy 3t A, A T L H 20 A 3 S R i, DR
TGF-B J& SSc £F 4 fk i & v i & i 9 15 [ 712,
Wang 2513 BF5¢ & B, SSe H 35 14 1038 1 Bz ik i &7
e ) IncRNA TSIX 223k [, % IncRNA A
ReSE il A HE TCF-B 1551% T, S BURLEF 4 4n
V1) R DB 1 1 5 3 58 5 24 R TSIX [ ki, 1
U 28 B KT BEAIS, 3R IncRNA 7] 2 59845
SSe £ 4Efk, H19X & —Fh7E X Jetafh I & BlnY 3
8] IncRNA , Pachera 25" fJF5EIESE , IncRNA H19X
AP DNA #0535 5 105 S AR 4 FEER 1 (DNA
damage-inducible transcript 4-like protein, DDIT4L)
R 7 53 AR 33F TGF-B T Ak, 5 | e 1l 2F 4k 41 i 431k
JSCVUBLET 4 20 i, 5 5020 M 0 3 o 1) ok i T AR

nuclear

A A LR AT 4 A G PR 11— 25 IR SSe
e LT 44k s 1A, IncRNA H19X 15 il £F 44k v
% R R I ] i b [ 5 85, PR X H19X
AT ) 25 9 W B A BT RE A B T 991 B 14 22 955 0 4T 4
iy -2

BT TGF-B I LA SSe £F 4E4k , Notch 155
T B T L9 A UL R T A A A TS Ak, TS S
SSc AFYEALEIIE I, A5 o W, 2 M o 40
Je , miRNA-34a W] 38 23 #] Notch {555 1% 32k 5%
MM ARG A Wasson %5 3 3 (AR Ah 526 UE B
1E SSe ELJZ AT 4E AN fd o, IncRNA HOTAIR 3 i fi¢
HEEH TR 1 W L B Il Zeste B5 PR 1Y 0R T [R] U5 1) 2
(enhancer of zeste homolog 2, EZH2) [ 52 ik, 5| &
miRNA-34a fF LB AL AN H] , 4K i 3558 Notchl MYAH
S NI S WLSET 2 40 A 43k B 0 S 28 14 1Y
TE R, M A, 16 H R i 25 4 40 i b Ry ot 3Rk
HOTAIR, 7] H#5 R FEHE A 1AL, o-F- 15 JLILZ)
F M (a-Smooth Actin, oa-SMA ) S5 41 4 fb b M1 a0 7K
SEFFE LA EZH2 AOBCR N, Tsou %V WEoT
B, EZH2 "I F SSc LR 4Efb B WL, 9 — Wi kT
HOTAIR FOBFZE % B, HOTAIR #] LLi 3 Notch {55
AL Hedgehog 15503 M 5 AT Gli2 (3535, 1
TN B BCET 4 200 i v ) IS SRR 1 . o-SMA [ 3636
K- AR E SSe £ 4L

AR, Messemaker 2557 % 91, SSe B 2 Bz ik rh
2 ) X IncRNA ) 323k 1, H v CTBP1-AS2,
OTUD6B-AS1 Fl AGPP2-AS1 5 fz Ik £F 4 fb A %,
MZ, IncRNA 5 SSc £F 4k 1k 19 I8 1 %8 11 41 o5&
IncRNA AYAEVE A ceRNA 2 3 ILSET 4k 20 i 1) 43
b, A fi B4 VA 4 1 2 A A 5C TR 19 K SF, T H R
WA — e BT 5T T30 IncRNA 357K, K ik
FNATTRCR IS e B 75 B ABESE IncRNA 7E SSe
A AT ERILEI (R 1),

3 IncRNA 7£ SSc lifRiZ T K& i&fr R I1EH

Y5F IncRNA 7E SSe & Ji HL | H (%) B 220, bF
FENGUIE L RNA W7 25 HOR K B SSe B F RN A
R% 2 £ K K IncRNA |, 3% 28 IncRNA 1] REVE
SSc AR 7 W 0I5 19 & A T M AR B LA
Rtk RERYBE TR A 3T IncRNA il SSe i AH ek
AR SSe I RIZWT B by $ AL RS B
3.1 IncRNA FIgE1EAN SSc £MiRED

Pt AE g% RNA (anti-differentiation ncRNA



rp [ A PR a2 s 2023 4E 7 H A 33 555 7 Chin J Comp Med, July 2023, Vol. 33,No. 7 145

£1 25 SSc ZIRHLHIF IncRNA

Table 1 IncRNA involved in the pathogenesis of SSc
IncRNA RIFIKF ZH A B A 2 A File | fEH
’ Expression level Tissue or cell type Target gene Role
" 1SS A 785 2 18]
NRIR 1 SRR (XCLIO. ?ﬂm I-FN 1%? fl@ s ?&gﬁfﬁ%ﬁi fon of S5
Monoeytes CXCL11 Increases response and causes dysregulation of SSc
immune system.
A 51 SSe A IR SSe B REFLEL )
PSMBS8-AS1 1 j IL-6, TNF-« Causes SSc immune dysregulation and promotes SSc skin
Monocytes . ;
fibrosis.
2 i 51 kT N . N o
e MIAE S AT LB 4 D1 9 4 5k AV 0
. 4 13 D1 14 0 L B4 i A e AR [26]
OTUD6B-ASIT | Skin tissue, human LPMEE A, 512 SSe By AR ‘
Cyclin D1 Regulation of Cyclin D1 expression to control apoptosis
pulmonary artery smooth . . R
and proliferation and causes vascular lesions in SSc.
muscle cells
PH SSe MUAFHIAL | F B S 2 F0 2 247 4 A LA K
4 B4 g [27)
ncRNA00201 | SRR hnRNPC G S ,
Monocytes Regulation of SSc¢ vasculopathy, autoimmunity and tissue
fibrosis, and tumor cell proliferation.
TSIX A 13 301 R i B 1 R R I 2 Tk 4
o . HE SSc LR T Ak b0
ks 1R T JE SSc BT T o
TSIX 1 Lo Upregulation of TSIX leads to a significant increase in
Skin tissue Collagen type 1 . .
type 1 collagen expression and promotes SSc tissue
fibrosis.
HI9X {23k TGF- 75 T 1% 4t M AP o 5 1 LA B2 JJL A
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Oligonucleotide, ASO ) FI /N + 4 RNA ( small
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55 SSc AL A B H B B Ok, BFSE B
KB IncRNA 7E 85 SSe H B Ha 5 | ML 45 #1405 LA K
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Preliminary exploration of toxicity classification method for traditional Chinese
medicines based on data mining

SONG Yagang, TIAN Shuo, QIAO Jingyi, WU Xiangxiang, ZHU Xinghao, LIU Tiantian, MIAO Mingsan "
(Henan University of Chinese Medicine, Zhengzhou 450056, China)

[ Abstract]  Toxicity has become a major obstacle to the international use of traditional Chinese medicines, and a
rational grading strategy for their toxicity is therefore needed. Although the existing traditional toxicity classification can
help to guide the clinical use of traditional Chinese medicines, it lacks quantitative data and is not sufficiently accurate,
with different sources reporting different toxicity classifications for the same drug. Modern research on toxicity classification
mainly includes classification method based on LDy, of oral raw drugs, multi indicator comprehensive classification method,
evaluation model of toxic traditional Chinese medicine based on “substance efficacy toxicity”, and the use of modern
toxicology research models. Although these toxicity grading method achieve quantitative standards for traditional Chinese

medicine toxicity grading, they deviate from the theoretical guidance of traditional Chinese medicine and differ significantly
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from clinical practice, failing to reflect the essence of clinical compound medication of traditional Chinese medicine. To sort

previous studies on the toxicity of traditional Chinese medicines, this paper proposes a scoring and grading method based on

data mining combined with toxicological studies. The proposed method is based on data mining of historical toxicity records

for traditional Chinese medicines, clinical reports, and experimental in vitro and in vivo studies, as well as comprehensive

modern toxicological research result, followed by the assignment of weighted scores to each item, to derive a toxicity

classification method for traditional Chinese medicines. For example, aconite would be graded as highly toxic according to

this procedure. This grading method has the advantages of focusing on clinical compound drug use, as well as providing

guidance for clinical practice. It can quantitatively indicate the degree of toxicity, thus reflecting the modern characteristics

of traditional Chinese medicine. This grading method needs further refinement, but after gradual improvement and

refinement, this toxicity classification method for traditional Chinese medicines is expected to promote their rational clinical

application and wider international use.

[ Keywords]

toxic traditional Chinese medicine; data mining; toxicology research; toxicity classification
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Figure 1 New method for toxicity classification of traditional Chinese medicine
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Table 1 Grading criteria for toxicity of ancient literature

eSSl T /NEE A K
Category Light poisonous Middle poisonous High poisonous ~ Virulent poisonous
WA ki E>> . . 10% 20% 30% 40%
Four-level Compendium of materia medica
classification GEPNT )
method Great dictionary of Chinese medicine 10% 20% 30% 40%
(BBEI5) 0 p 9
Mingyi Biclu / 20% 30% 50%
<<7|<4’T*"%_§E{J_>> / 20% 30% 50%
Bencao jizhu
<<3:F%2,§ﬁ>> / 20% 30% 50%
Kaibao Bencao
<<%JHI%ZI§$>> . / 20% 30% 50%
Tang materia medica
<<Iﬂ:§’%71‘+'_7‘k>> . . / 20% 30% 50%
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>thod o
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Chinese pharmacopoeia
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10% , RSN S2BGHGE (P 25K BO8) W52 0 5%, PF RN :10%+4% +2%+2% = 18%
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Table 2 Grading criteria for toxicity of traditional Chinese medicine based on modern research results

o SRR ()
eSS .
Number of papers ( pieces)
Category
<10 10~50 50~100 =100
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Toxic reactions reported clinically
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Toxic reactions reported in vivo experiments

S 4R 18 7
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Report on toxicological mechanisms
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