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o, E0FE s, R, EF,NeR, 8,4 BT
(Z FHEERZEVE HEROIMAE SN, FE% 710032)

[#ZE] H#H B E (doxorubicin, Dox) I AR FH A2 21 H ) 458040 E 35 M O B 1, A8 SR 84
J% % (Quercetin, Que) 7F Dox i AV FEME P AMEHNLE . F3E  B/NBRBEHL M Con 41 Que AbFEZ] Dox 4H .
Dox-Que 2H K573 BYFL B0 WUFE ARSI ( neonatal mouse cardiomyocytes, nmCMs ) Bfifll 53> Dox-Vehicle £ . Dox-Que
20 . Dox-Que-SB 41 Dox-SB 21 & Dox-3 MA 41, #HEE /7 LA CCK-8 5 SAGI | [RIRS A ATP A i & ROS 4= A%, It
HMLL Western blot Jy iRl e bi i A AR R B M FA 0L, R ZERTFFIIESS , Que T3 1 S 14 | -
AR O ILEF AL DT Dox W50 LB . RAMIFFE R, Dox Ab 3 AT 5 28 B AR nmCMs 40 TG 14, ATP 55 i S 14
Jin ROS A= 1, R 2 Ak B Wk i 253505 (P<0. 05) , Que LA PR A 38 48 1 i R fA B s 119 384006 T 2% £ Dox 5 511
O LA RS , FEBEAL ROS AR B IG INRALAR ATP i, FRATTHE— 25 B UESE Que X o A [ Wk A 410 1 4 FH
& Pink1/Parkin 7338 B A5 09, 1 SB AL 3 AT 58 52 W00 Zeop A4 B WaE I A8 43 KT Que Xt Dox 1755 9.0 JULEE 1 A £
PR &8 Que M Pink1/Parkin S-S AUZRRLIR [ WA 0TS , Sl 0E ATP A2 0% B ROS ¥, Z2fi# Dox
SRR IR,
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Protective role of Quercetin on Pinkl/Parkin-dependent mitophagy
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[ Abstract ] Objective  The clinical application of doxorubicin ( Dox) is limited by its dose-dependent
cardiotoxicity. This study was established to elucidate the mechanism by which Quercetin ( Que) acts in Dox-induced
cytotoxicity. Methods Mice were randomly divided into a Con group, Que group, Dox group and Dox-Que group.
Neonatal mouse cardiomyocytes were isolated and randomly divided into a Dox-Vehicle group, Dox-Que group, Dox-Que-SB
group, Dox-SB group and Dox-3 MA group. Cell viability was detected by CCK-8 kit, while ATP content and ROS
production were determined simultaneously. In addition, Western blot was used to determine the expression of mitophagy

marker proteins. Results In vivo studies confirmed that Que can reduce Dox-induced cardiotoxicity by inhibiting
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mitophagy and reducing myocardial fibrosis. In vitro studies showed that Dox treatment significantly reduced the cell activity

of neonatal mouse cardiomyocytes and ATP content, increased ROS production, and significantly activated mitophagy ( P<

0.05). Que pretreatment alleviated Dox-induced cardiomyocyte injury by inhibiting the activation of mitophagy while

reducing ROS production and increasing mitochondrial ATP content. Our study further confirmed that the inhibitory effect of

Que on mitophagy was mediated by the Pinkl/Parkin-dependent signaling pathway, and that SB treatment partially offset

the protective effect of Que on Dox-induced cardiotoxicity by activating mitophagy. Conclusions

Que can inhibit Pink1/

Parkin-mediated mitophagy activation, promote ATP production, reduce ROS production and alleviate Dox-induced

cardiotoxicity.

[ Keywords)

B[ 25 2 ( doxorubicin, Dox ) A& — PG & Y BUA
PUAER, ATH FIRYT L | Ik LR A2 S 4R i
St (AR R 1% O E 7 BV FH PR ) T Dox
AR Dox B A IERE T —F R 241
AFRLRAR AN AE N B 2 I R b 8, 2R
LRI RE B, E i S BOO LA

ARLARZY 5.0 LA AR R 30% L L, DL /2.0
FERFEE A e B R L A T o s o A s 2k
KRN TS B A 43 e A5 A T B R s Lo
MAZ LA BEK & g B A B ZeRifk B
I ( mitophagy ) 18 Ji >y 4H B 07 1~ FIR S8 2 1 3% B 52
A LA A I 2 R A0 1% ) p B m AR e, Hop
24 IR/ IR R B 1 (Pink1) & E3 4% Parkin
SRR A BETE Dox 15 5O LR TR AR T 1
BRERT A0 T B RS SRRV E T SR AL v 1k —
pA LI

Mt & (Quercetin, Que) J& T —FP E 2L &
V) AFTE T 25 8 2 AL G S 2R 20 B 08 T
P AARTIARG I K By O Y W N B 2
BT B AN | A SR N At 22 - S (8
S TERL Y R R T R R 2 R TN ot i AR
A BAABUE DU BRI PR AL (IEBR H B
B) FE LR YR . A FITIESE, Que AT
T L TR K e 1 R Tl e A 1 A T i R AT 0 B A A
FPA0 A 2 bR o v M 2R, DL SR AN A e B R
PEATHE R 2 Ak, Que X T I 45 R g
A FEM BT AR W Que Xt Dox 75 5
PR JE B P 0 A P T AR ST UL 40 i 1
P 4P 1 P 2 7538 3 Pink 1/Parkin 4 5 f £k R0 1A B
% UL S TE IS

ARG 7 Dox 5 T AU/ B nmCMs 40
Jf 75 PR AR T BIE Pink 1/Parkin M A 22 A4
HIWEFE Que 2% fft Dox 0> L7 M 19 H 4K 1E H
BLHI

Quercetin; mitophagy; Pinkl; Parkin

1 #RF7E

1.1 SCI8Eh4

FIA WS I Jr RINA I (28 4E) 4L K25t
Wbt R 5 M E R St
(20200445) , - 4% 18 32 [ [ 57 T A 0 5% B 55 46 3
Yy fdi 48 B St . ASBIF 5T 4 SPE 9%, 8 Al Y,
E K 20 ~22 g W MEYE C5TBL/6) /N KL, 241 40
Hi1~3 d(1.5~2 g) K/ C57BL/6) 3, BL(SPF
), 33t 50 K, B S EEE R¥ES P
DA FRIFHEHE [ SCXK () 2019-001 ] [ SYXK (B#)
2019-001 ], 7EHF5E Hh 738006 3R B0,
1.2 FERKFSMNE

Que H5 #E fi (7 5: SQ8030) K Que (§% 5
Q8010) ¥ 3L [ Solarbio 28 ] ( H1 ) ; CCK-8 4l iy
BRI &0 [ e st A ) TR 5 T (%
%;GOZ]—]) ; DOX ] A Tocris 2\ 7l ( Bristol,% ,ﬂﬂf
512252) s BRAR I E AL R AR C Y LD SRR (B
ZB2301) (40 B (52 % : ZB-2305) —Hill A b5t
il 4 #F AR W B R A BR S R IR AR T (1R
16010159) WAL ( #25: 15140163 ) . DMEM 15 57 3

1 5. 11965092) ( FE[H)  GAPDH #i f& (5% 5.

51332) Pink1 ( $25.46421) Parkin ( #25.4211) |
P62 (475 .23214) \LC3( #7'5:4108) K& Beclinl ( 5%
5:3495) g [ CST A w) (FE ) s Lk [ we i sh 7]
SB-203580( £%5 . HY-10256 ) Nz £k i 44 15 w41 1l 571
3-Methyladenine (3 MA) (%% %5 HY-19312) Il§ {
MedChemExpress ( MCE, 3¢ [® ) ; Pierce JF{T.0 HL4H
fitg 438548055 &5 (thermo fisher scientific, 3¢ [ ) ; 28 %1
5B R & (abeam, 32 [H) 5 8 B0 ] 55 (/o
FERL, ) 5 Bradford 33457 £ ( Pierce Biotechnology,
FKE ), Olympus 7% )6 & L B ( Olympus, H A& ) ;
Image Lab( Bio-Rad /A A, 3¢ [#) ; SpectraMax M5 43
JOGREETH (K
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1.3 XWHE
13,1 /NEUTER S50 55 AR 0 LRSS R 3 7 % S 56
Saniil

4 Dox LA /R £h 2% # W ( phosphate buffer
saline, PBS) ¥ f# 5 il i 10 mmol/L i 25, L5
SPBENL T IR 4 20 (1) XF BEZH (Con) : 25/
LAE R IR EMTE, (2) Mt ZALHRLL (Que) - /INERL
Pl 50 mg/kg Que JE B ALEE 1 FU ) (3) PEE R A
(Dox) :/NEBEK LA 3 me/kg 71 5 I 5 1 5 Dox , #F
Sr2 JH, (4) P8 FE - R4 (Dox-Que) - /ML L
50 mg/kg Que HEHALFE 1 A Bl G FE K LA 3 mg/kg
RGBT Dox, F2E 2 B, Fif 259 b B &%
JETAFE 4 8, BERSIEHE 4 B L B US40 i
(nmCMs ) 40 LA BEAILEL 7 2 L BEALAL , 25 9 ik 31
BATTR . (1) % BEZH ( Vehicle ) : nmCMs 4 fift R VE AT
faf b PR (2) Mt B2 R 21 (Que) : nmCMs 2] g 43 51 LA
10 wmol/L 8 20 wmol/L Que FALHE 22 h, (3) B[
# Z 4 (Dox) : nmCMs 4 g L 10 pmol/L Dox A
DMSO i B A Rl Ab B 24 W17 (4) B 5 M
E 2 (Dox-Que) : nmCMs 4H A LA 20 pmol/L Que il
03 22 WM FLL 10 wmol/L Dox & DMSO s Bk
JLRIANEE 24 b, (5) BTER 2K MR R -Zohi ik 3 kR
57 24 ( Dox-Que-SB) : nmCMs 4 A1 LA 20 pmol/L
Que TALHE 22 h, FELL 10 pmol/L Dox & 10 pmol/L
SB H:[FALFE 24 h, (6) FEE R -LORAK [ R s 7
2 ( Dox-SB) : n mCMs ZH i LA 10 wmol/L Dox & 10
pwmol/L SB 2E[FANI 24 h, (7)) 55 2 +3- H i i nt
24 ( Dox-3 MA) ,nmCMs 408k 10 wmol/L Dox 4k
FE 16 h FJ5 LA 5 mmol/L 3 MA :[E kb3 8 b,
(8) LA B W 8l I 2H (SB) : nmCMs ZH I LA 10
pmol/L SB 4b# 24 h,
1.3.2  FLEGOMUR A L0 2 35 5%

K H Pierce JFAR O LANAE 3 25 A &0 5 1~
3 d K/MRY CSTBL/6J /NG ILEAR A0 A > Bk
ANBRC R AR, 37 BP0 LA B 40 S i 1 IR 2
TE 37°CI%H 30 ~35 min, Hanks 77 £5 17 & 1k 14 W5
WL IRIG RS 2 DMEM S - 560 Koy B L
LU LA & T 55 2 b, 37°C, 5% CO, W87,
AL I E B 5 A B H R AR, RA
20 BV, WA U B AT A O T, i 4 A
#E 10% 154 L3 (fetal bovine serum, FBS) | 2%
(100 U/mL) FIEEREZE (100 pg/mL) ) DMEM H1
IHEAT R —25 5050

1.3.3 WO L nmCMs 20 LRk 45 25

filt PR R 43 B 5 & 43 18 AT /DN RO LA
2] nmCMs SORifA A e 17 0 e BB A 10 BH i
7o B O NIZHZ, nmCMs FITR A9 PBS 28 Wk 15
PEo 7E 3000 v/min MEFHT B LIRS 200
i, 7E 12377 o/min B PR E O, WE S A
MRREE 1 TR SR 5K A SOk AR 1 Uk AE
S TIN5 % v i R s Uk,
FE 12377 v/min A% HCR W DLEEE— 2Dl A
1.3.4 2k ki K 5 B, v ( mitochondrial membrane
petential , MMP ) 45l

FIFH FH S T2 GG JC-1 Kok 2 A A i v 437 3F
Ak, 25 ab s Al S JC-1 TARWRAE
37°C , #EEHFE 30 min, /5 DL PBS EE 3 K, FLA
SpectraMax M5 ( 3 [H) 70 Y66 RE T BOCEUE . 28
PLZG Ak FRAE 55 FE AL Y FUAE 2R
1.3.5 Western blot fjil

fiff Y2 (9 RIPA 24 52 P AL B nmCMs 4
M2, R Bradford assay i 71 &l & &5 H BT & &
VoAb 3 1 A0 A S WSO B A R B B 1, A SDS-
PAGE HE L VK 43 85 8 I RE AR, Bifi )5 5% B8 & PVDF
i, ZJG LA 5 ¢/100 mL e 4 i = T HE 2 h,
FEANAF R B — P PR T 4°CIFH %, TBST i
PE 3 WK, BFK 10 min, SRTHUNE 2 h, FHRIEGE
JE b kG R G AT R I, B A A Ml
Image Lab Zf% ( Bio-Rad) .
1.3.6  ATP 7K3FAG

FRMEERVE UL T4 B nmCMs 40 0 ki A4 )5 | B
Jei LA ATP 7] S SRR 9 ATP 5 &,
1.3.7 A3 JiRa

K53 B nmCMs $E80F 96 FLAR , P ik 1
5x10° A/4L, LARTIR 5 4 SR AT Ab B | sk n)
HALFIA 10 pl CCK-8 ¥ ,37°CHFH 90 min Ji7
7E 450 nm P FHE OD (A, 4HM00E 71 LA 242
4ifiE OD 5 Con ZHANAE OD 4358225 11 OD {H 5
LIE SRR .
1.3.8  ZHLURHLE BT

/NEUREEIS , B0 MEIFLL PBS whisk, B 5 B
DR T 4% 2 R EE 3 d, B2 A S
JE Y e 3 pmol/L VI B, J5 K RS B 4L Y
(hematoxylin and eosin, HE) , Jf: X Masson’s = {f 4%
APV O e TR . B A55 R DL Image | K
P RS AT
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1.4 HitEFHZE

FIr A 35 DLV S48 FR 1 IR 25 (x2sx0) IR
S 21 22 B] ) 25 52 38 O B ) s OB ] ANOVA 43
Mrifi o , S8 J5 #E4T Tukey post hoc 55, ¢ K 5
TH R P R L, P<0.05 kN5 BA50

FEX,
2 R

2.1 Que Xt Dox 2B FOAFEEFEH TR IF ROS
£ MMP R&RE ATP SEM M

O JIE 4121 41 2005 B 22 K 4 2, Con 4N
Que JRIT 4L/IN B 0 WLIE 25 R LD 2 4 1F % (&
1A 1B) . 7E Dox AZbBH L DT Fr b 8 2 L i £
AR PEFIBEIR . Que AbHLE 0% T Dox 55 FHYIX
BeHif, Masson’s — (A A — LR Wi, 5
TEH X RRAH A HE |, Dox AL PR 5 25355 S0 LR R4k, i
H Que 697 10 ILEF 4E AL AE Dox Kb 2 1) 00 I 2H 27
gl A (] TA~1C) o D LEF 4EAk & = 5 By
B8 Que BEIE & FEK Dox 5 SO NLEF 41k (P<
0.05) . /& 1D, AHX}T Con 41, Dox W] S HE N0
WIZHZUE ROS A A, Que THALBET] FAIK ROS A= pli

(P<0.05) , 1 Que HL70 A0 B W XF ROS A= i F
R AT A B2 1 N RO LA 2R T &
PRI, Dox AL HAHXS T Con 41, AI B F FEAL MMP & &
FERIAR ATP AR il (P<0.05) , 3% F FE AR i) i 4
ATHE Que WIALFEHHE (P<0.05) (] 1IE~1F)
2.2 Que MM EBMEXBEAQRIEINATIER

X AN [] Ak B 2 A4 [ W5 s 5 AR 1 R A T
B, anE 2 iR, Dox AL BEAHXS T Con 2, AJ i 25 384
B Pink1/Parkin 4K #i (1) 28 B2 1K B W K bR 2 E A
Beclinl } LC311 IR FEAIL P62 8 &5 & (P<
0.05) , MR HEL KA 7 W5 A 3T , Que T 38 2o 171 il
Pink1/Parkin < #i i £& 01K [ W A9 3435 Pink1/
Parkin fM AL A W (P<0. 05) , AP/ BLC AL
AP Dox 51 A I EEPE
2.3 Que/SB 3t nmCMs A& 51 % LDH &4 H)
=AU

&l 3A fit7n, 10 wmol/L Dox 43 6 h 7] UL 4
BEIE S BER A Dox 5% Que 21 & 25 FEAK, M A 20
pwmol/ L TANFR 5 , AT f 2538 I 40 U 336 J7 DA % Dox
2R A 40 EE MRS (P<0. 05) | T Que B &b FHR
DLXF nmCMs 20 355 ) 3l o X [] b 3 4]

1 A Que XF Dox i TR IHLUE S KA AL, LOZR/R HE Yt R R Masson Je ;B0 LN ORI AL C O RS 4
B3 ;D ROS K-S B LRI LA FLATP & i, SXFIRAIAIEL, © P<0. 05; S5 Z41M L, *P<0.05,
B 1 Que 7] W Dox BIFLAY DN 4E1L , FEAR ROS A5 18 MMP ATP &g (n=5)

Note. A, Effects of Que on cardiac morphology and fibrosis in Dox-induced cardiomyopathy. The upper panel represents images with HE staining,

the lower panel indicates cardiac fibrosis with Masson’ s trichrome staining. B, Cardiomyocyte cross-sectional area. C, Cardiac fibrosis area. D,

ROS level. E, MMP production. F, ATP content. Compared with Con group, *P<0.05. Compared with Dox group, *P<0. 05.

Figure 1 Que treatment significantly attenuates Dox-induced cardiotoxicity, reducing ROS level and

increasing MMP and ATP content
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A Western blot XA [F] 41 B9 4% 2 1 28 (A B #5470 875 B ~ F: Beclinl  Pink1  Parkin P62 Fil LC3 AY3RiE, SXTMAMLL, ~ P<

0.05; 5z ZHAM L, *P<0.05,

2 Que XL P LRI [ AR G 3 H IR AR (n=3~5)

Note. A, Representative protein images by Western blot from different groups. B ~F, Expression of Beclinl, Pinkl, Parkin, P62 and LC3.

Compared with Con group, * P<0. 05. Compared with Dox group, *P<0. 05.

Figure 2 Que alleviates mitophagy marker protein expression in myocardial

A Dox Fll Que XTI 71 A5 5 B . Dox Fl Que X LDH {4 A 521 ; C . SB( SB-203580) X 4% Sy 52 M, S5XF AL Ik, "P<0.05;

Sz RAMIL, *P<0.05,

3 Dox.Que Jz SB XMl /15 LDH HY5EHH (n=3~5)
Note. A, The effective of Dox and Que on cell viability. B, The effective of Dox and Que on LDH activity. C, The effective of SB on cell viability.

Compared with Vechile group, *P<0.05. Compared with Dox group, *P<0. 05.
Figure 3 Effect of Que, Dox and SB on cell viability and LDH activity

YRGS I W R R DN & B (18] 3B) , Dox AJ 5]
LDH ¥ B 19 223, InA 20 wmol/L Que Ji5 LDH
WA A Dox J&5 .35 FEAIK(P<0. 05) , {H I Ff
FEAR ST AR Que MREEXG NI AE . BL4h,SB
MALFEFF R A nmCMs 4IIETE F1 (K 3C)
2.4 Que/SB Xt Dox iS5 T nmCMs 4 i ROS 4%
B MMP R Z&HI{K ATP & 5 2/ 20

Kl 4A Frs AT Dox 41, Que FiAL BT I,
FRAIK LDH & & (P<0.05) , 17 SB A NS/ 6T

7 Que X LDH & PP 6l /E H (P<0.05) . an &l
4B i/, 5 Dox ZHAH FL3E, Que THIAL B ] i 25 [ AR
AR ROS A= B, 1M1 SB WAL T Que X ROS A= %,
AIAEIVEF (P<0.05) , Bl in A SB 2K WXt Dox 4k
RN M ZRIA ROS 28 A 250k

HAN(E 4C 4D)  XEASTRN Z5 44T 4 MMP &
ATP & B9 I % B, Que 51 4L B AT i 2% 14 Jin
nmCMs Zi/fd MMP 2 ATP 4 i ( P<0.05) , 1 SB A]
HBAMHETE Que XF MMP 2 ATP A= AR #E1E F ( P<
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0.05), SB % Dox ZbFHAY nmCMs s MMP f2 ATP
A ) A DL A
2.5 Pinkl/Parkin {R#HI & B & B EXT Dox 5] #2
KR SEREEEENRATIER

WE 5 Frs, nmCMs 4 i 53 51 A Dox | Que 3§,
SB AbHE , XA [ WA OCE AR TN & BE, Dox
A @S Pink 1/ Parkin A S 4k A A 105, 5 S
YR 17, LA Que TIAL RN AT 434K Dox 5519

AN XM O A R T e 0 R ZORL AR A Y
MG SE B . 1 SB W 3E i {2 3 Pink1/Parkin )
P, P S S Que X Dox 175 5 1 40 1 4 1)
TRAPVET . EAh, SRR 1 e il 7] 3 MA Ak
P nmCMs Z00/5 & BL, Que S 3 MA Y] g 25 H1 ol
Dox 75 T Y ZRL A 1 I, FEAICC LA BB (&L 6)
FE7R Que HEPL Dox 75 T (19 40 i 75 1 J& il 1 Pink1/
Parkin #i A LR 1A B WS

VE: A FLRRBLEURGTE M B ROS /KOF; C RN A7 A D ATP i, SR8 RALMLL, * P<0.05; 5B Rl RAMIL, *P<0.05,
B4 Que i35 LDH ROS MMP 2 ATP & &3 Dox B AL WLANMEHS (n=3~5)
Note. A, LDH activities. B, ROS level. C, MMP production. D, ATP content. Compared with Dox group, * P<0.05. Compared with Dox-Que

group, *P<0.05.

Figure 4 (Que protected nmCMs against Dox-induced cardiomyocytes injury via regulating LDH level ,

ROS level, MMP and ATP content

1. A J] Western blot XA [F] 2H B¢ 2 & 11 B2 3347 4347 ; B~ F - Beclinl  Pink1 , Parkin P62 Fll LC3 (3L, SMEZHMIL, * P<

0. 05 ; 5 B85 2 -4t )z R41M L, *P<0. 05,

B 5 QueiBid i Pinkl/Parkin /- T A LRI A 1, 1% Dox 55 AL LA (n=3~5)
Note. A, Representative protein images by Western blot from different groups. B ~F, Expression of Beclinl, Pinkl, Parkin, P62 and LC3.

Compared with Dox group, *P<0.05. Compared with Dox-Que group, *P<0. 05.

Figure 5 Que protects mitochondrial hemostasis by inhibiting Pink1/Parkin-dependent mitophagy against Dox-induced cardiotoxicity
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TE:A: ] Western blot %K Al 2 B9 UL 1 PR HEAT 534 s B~ F: Beclinl \Pink 1 Parkin P62 il LC3 fY3Ri5, SPTERAMIL,  P<0.05,
6 Que 3 MA ¥A] B EMH Pink1/Parkin /S BYLRAA A W, 5% Dox iS00 NLANIERYG (n=3~5)
Note. A, Representative protein images by Western blot from different groups. B ~ F, Expression of Beclinl, Pinkl, Parkin, P62 and LC3.

Compared with Dox group, * P<0. 05.

Figure 6 Que and 3 MA significantly inhibited Pink1/Parkin-dependent mitophagy against Dox-induced cardiotoxicity

3 itig

AHIFFE3E 35 X5 /N B 41 B nmCMs 240 i 2 7
Dox #5145 B B 5 % L, Que 7] A 31 /18 B0 L4 21
nmCMs 40 i1 B4 Dox X4 it i) 25 24 /F , BT
Hefl, HAE P 3 2 2 3@ M) Pink1/Parkin 4
I RLR B SRR R ROS 724, i i
ATP & B W38 IR SE B iy, FRATT B IF 9% &5 SR ik
52, Pink1/Parkin A5 B9 26k 4K H WA B T Que 17
PO NE T REIFHEHT Dox 15 5 A ILEEME , AT
i AR 255 AR 3 2%

Dox 53 (.0 WLEEPE FEZ AL 2 — 5 5 Lok 4
UIReRafs A ¢, AN ROS 3 I Fn 4 A6 W 84
2ok AR AN I AR 5 T Dox J& 3245 fi ™ 5 A4 20 it P9 41
J#s , B Dox R B EE N K Z — & 5.0

RN RN G K, 55 O di e b iR 1y
SE4L DhEE  RE AR A A0 M AE IS Y L FRATTA ST
UESE, Dox 5 1 W 35 FEARLO WLZH 2L/ 41 i ATP %
T I IMZE KA ROS A2 B, 1T Que THUAL 3 AT 38 43 34
IMZERifR ATP AR 18 AR ROS AR JBAIRHT Dox 5%
S 05 o (TN | S 2 e -

LRI F R — A HEAE EORST 0 40 i AR BB
ZERIIBER B AR LRI, LA 4R 3R 2R Tl BE
RS, Pinkl J2 2001 4R R I —Fh 22 R R/ 1R
TR U, RN S S A — A ORI B 1) A
( mitochondrial targeting sequence, MTS) , £ 5 J 4%
¥35, ( transmembrane domain, TMD) 5% 31 if 7 7E —
AN FE 2k R AR & 1 {5 5 (outer mitochondrial
localization signal, OMS) , Parkin J& 1998 4F & i fi¥)
— B E3 {2 RACE NG, 0D RE TN B TR
PRNAT (EE F D) HRER BRI A, Pink 1 FF2E4E
FRAEAKSF, 78 4B 33 475 B Pink 1 D00 AR 2R F 2ok ik
HNBEFE L FP AR ZE Parkin T2 A DT 380% £k
R F I Pink D ARSI ZORLR I 7E 40 i 5 G
Rt v 5 1k SRR BUR SCHEVE Y . Lk
AR T e 42 ) X6 T R ) B 98 1 K B L 5% 45 43 R
RIEEREL, WAL NUBISE)S , Parkin 492K
KR B WX O ME BA PR E T, B = Parkin (197N B
X LA B B R I L0 0 v 4 R AR T R 5
5 —T0URE 55 2 W, Pink 1/ Parkin 38548 A4 3806 7T 9 35
LRI A W YU REAE 8RO DI RERLG Y L
AN, Pink/Parkin /75 B ZRIAAR H W5 5% 5 Dox 155
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(O LA B B o A O TR I, kAR 1 It Y
P XR0 E D R ) 4 A SEEAE A FRATA BT
FEAESE , Dox 155 1] 0 35 B0E Zemi A [ g, B R £k
BAK [ WEFR S [ Pink1 Parkin M LC31T B9340
il P62 B G 1, Que THAL BRI i 3 FEAIK Pink1 |
Parkin , 2 LC311 B35 51500 P62 i MKk &,
$E7R Pink1/Parkin /-5 19 20K A WEFE Que KT
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Application analysis of a chronic obstructive pulmonary disease model
by data mining

LI Lei'*, WU Dongliang'*, LI Shangdian"*, YAN Yue®, SHI Qi*, LI Chunlei*, LI Youlin®*

(1. Beijing University of Chinese Medicine, Beijing 100029, China. 2. the 2nd Department of Pulmonary Disease,
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Chronic Cough and Dyspnea) , Beijing Key Laboratory of Prevention and Treatment of Allergic Diseases with Traditional
Chinese Medicine ( BZ0321), Center of Respiratory Medicine, National Clinical Research Center for Respiratory
Diseases, Beijing 100029)

[ Abstract]  Objective To explore the modeling elements of an animal model of chronic obstructive pulmonary
disease, which may provide a method ological reference to establish this model. Methods We searched for literature from
January 2011 to July 2021 in CNKI and Wanfang databases using an animal model of chronic obstructive pulmonary disease
combined with animal models as the subject words, and sorted out the animal species and model involved in the model.

Then, we established a database for statistical analysis with method, cycles, detection indicators, administration time and
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positive control drugs. Results

A total of 176 articles were included. The most commonly used animals for the COPD

model were SD rats (83 times, 47. 16%) , Wistar rats (59 times, 33.52% ), and C57 mice (14 times, 7.95%) , which

tended to be male (140 times, 79.55% ). Most modeling method were smoke exposure combined with lipopolysaccharide

(91 times, 52%) or simple smoke exposure (34 times, 19.43% ). The modeling cycle was mostly within 3 months (147,

83.52%). The most detected indicators were lung histopathology ( 137 times, 24.82%), lung function (79 times,
14.31%) , general condition (63 times, 11.41%), and alveolar lavage fluid (56 times, 10. 14% ). Conclusions Using

SD/Wistar rats or C57 mice as experimental animals under smoke exposure combined with lipopolysaccharide instillation or

simple smoke exposure within 3 months effectively improves the success rate of COPD models. Model evaluation indicators

suggest that the result of lung histopathology, lung function, general condition and alveolar lavage fluid should be

integrated.
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/N ERALEE AT /B KM /N B ASUR I 4 856 LA
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1. 14%) ; SEE s v DUEYE S 32, 38 140 Ik, 5 1
79. 55% W HEASF- CfE A () FH ) sl 1k 0 32> | 43 5]
924 RAN 8 IR, i 1L 13. 64% F11 4. 55% ,4 THF5E AR
XTI A TR, DR 1,
2.2 EHEEFHRSFA

FE 176 FScik b, 2 175 7 SCk 5 A 1

BT W FLEAT A 2SN 5 e T A5 i A5 5 5
Ny B 2 1Y R M 55 B ER B G s 2 (91 IR,
52%) , Hofth>3 YR 7 s B 4 B A FE Al
W55 5 34 W (19.43%) e ZHE 6 (3. 43%)
55 TR A R SO AFF B 5 IR (2.86%) , HH %5 2
ERIC AP I 4 I (2.29%) ,1TE L 2,

TN AN SS 22 55 1) 147 55 SCHk P, 48 5 R XA
TR HEA T A, T A Sk Al T B TR AR 84 IR
(84.85%) M FHAE A Ml A 15 K (15.15%) , H
TR A S R R

COPD fE & W18 ¥ W =2 —, 1 A5 &5
( model period, MP) %, Al 7324 30 d LAY .30 ~
60 d.60~90 d . 90~120 d . 120~150 d,150 d 6
BB, Seit kB, R R A 2 76 3 A~ A iy,
MP<30d %, 3t 75 K (42.61%),30 d < MP
< 60 d f160 d< MP < 90 d #2136 &, 4% 5 It
20.45% , W# 3,

R R FHMUR S S YRR A

Table 1 Types distribution of experimental animals for COPD

YR IR W el LT/
Animal species Frequency Body weight Gender Frequency
SD KHL % PL(200+20) g R F T 140

SD rats Mainly (200£20) g Male
Wistar KB s 2A(200£20) g N+ WERE 521/ TR 24(19/5)
Wistar rats Mainly (200£20) g Male and female
C57 /VE, 14 PL18~25 ¢ HE W o
C57 mice Mainly 18~25 ¢ Female
W B 6 ) 350~400 g M ER 4
Guinea pig Mainly 350~400 g Not described
/NELRE 4 PL(25£5) kg HE , ,
Miniature pig Mainly (25+5)kg
&2 MBS Rr Hr2 B Al IR
Table 2 Classification and frequency of use of COPD models
SER YIRS L/ T (%)
Method Frequency Percentage
W55 B ERIR G N 20 o1 500
Smoke exposure combined with lipopolysaccharide '
W2 e
M5 55 34 19.43
Smoke exposure
B Ay
e 6 3.43
Lipopolysaccharide
055 B FR HB il R e TR AR AT B 5 5 86
Smoke exposure combined with Klebsiella pneumoniae '
055 B FR KA S 2 1 4 2 29

Smoke exposure combined with elastase
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2.3 ISR R4 S BHIAALG I FE bR 7328 S A TR
W 176 55 S0k T 4 R 8 kR E AT 40 2K 5 Table 4 Classification and frequency of use of COPD

del test indicat
25 R — 2 2 T TS ) 484 Qi 2440 e

FE O IR S AL, U5 BLREF 56 7 i WK e A0
. . Detection indicator Frequency Percentage

[ —ZH 29 A Z2 A~ [R] B8 A, i il 20 4] frequency

ARG 116 TL-8  TNF-o 25, ML i 2 45 4 55— ) — e aw

J& TR A5 KR br, — BRI ETERE B, Lung tissue pathology '

I RO T 4TS 2 WG T R _—

GURFIE RIS R, SRR, 3 21 Lung function v A

AR i, BEHURL 552 1, JUrria i £ 1y ik 0w

YR il 4 2795 B (137 YK, 24. 82%) . T T AE (79 General condition

W, 14.31%) . — RO (63 R, 11.41%) i EL vk Alvf:ii?ﬁiﬁmid 56 552 10. 14

W (56 W, 10.14%) 1L (46 K, 8.33%) i 4 21 ‘

P (42,7, 619%) % L E 4, . o s wm

2.4 HEVATORE) PRMER B 25 R TR -

e A SCHRIS RS 0, 3 89 TURFEW & Lung tissue homogenate 2 7ol
SR BT 46 T AT BH M X R 2Y | 4 25 B ] T4 S s 4Lk .y 5 7l
;5_%?%5%7 28 d( 13 ‘{QL(,ZS. 26%) ,/H\{QL'\%:’ 14 d( 8 m, Lung tissue immunohistochemistry
17.39% ) 5 BT 24 1 17 FH 7 T g B8 2 | 98 Wi 21 552 3.80
26 AR FIZ5H, o WIS R T PR B 1R 2 ol et
WU R RS WA 2 R e O e s s
BT V) SV MK AR A 0 A (5 4 AU
W), WZks5, Western blot of lung tissue 14 332 2.54

TEAST 259 S BRI B2 ) 1) SRk 45 25588 KA " 5 sl
RETEAT e R 2, o (il AR R 2 2120 HE 2 T Anterial blood gas
TLIARUIE 2 005 21 (28 1K, 60. 87% ) fili 21 41 TR % K 0 5 el
ﬁiéﬂ ’ﬂﬁ ( 26 7},_(, 56. 52%) - ﬂﬁ >U( W ( 2 75_'\, Diaphragm related tests
47.83%) Jii T HE (20 UK, 43.48%) I3 (19 WK, O[hﬂﬂfﬂi”“f‘lm‘f”” 9 552 163
41.30%) , WK 6, S AL
2.5 REHEEFRERER Whole blood o peripheral blood 532 127

9 AR SCHR AT 18 R B A A4 T .

7 ANERL BRIV HE G M IE 0 95 IE | 9 i 5 Lung shape ° 2 0
TRUE 8 M/ FAGIE | 958 5% LIt GiE | JE€ 42 0E , LA R I 458 WEI R G 5 5 0,54
% JOP BN R MR R E, JE 8 i, v e s
SE 1, b s 0 S0
F 31 BH AR R R AR A
Table 3 Modeling cycle of COPD model it ) 550 0.36
KRR () K [T (%) bun index
Model period Frequency Percentage 2
MP $p 30 q75 J 42. 61g 2?1:51 ((:3'1”1“ 2 332 036

30 < MP < 60 36 20. 45 .

60 < MP < 90 36 20.45 Pulmonjrﬂ;iji}fpwssm 1 552 0.18

90 < MP < 120 10 5.68

120 < MP < 150 7 3.98 WEZZ1 MR 1 552 0.18

HAl Other 12 6.82

MRI of lung tissue
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Table 5 Duration of drug administration and positive control drugs

LHZFTE] (d) B PR 2L AR
Delivery time Frequency Positive control drugs Frequency
SR
28 13 AT 7
Aminophylline
A A
" g HuFEKAA 4
Dexamethasone
S
20 6 RNV 4

Gubenkechuan tablets

ERMRSEPIVD R AR R R T U0 SRR P R R AR R AT
TR RS B RRE SRIANREIR A s 7 BRI A
R R
7 4 Moxifloxacin hydrochloride, Azithromycin, Guilong Kechuanning, 2
Salmeterol,  Salmeterol,  Tiotropium  Bromide,  Prednisone,
Roxithromycin capsules, Prednisone suspension, Budesonide, Bambu

Hydrochloride Trophies

BRI Endostar £L 8 R | HEUIK VAT  FRRREE AT Hu /R
¥ Akt B SC79 SChiikar WA MY S8 AN A AR
B R R e A
15.21.60 2 Roflumilast,  Endostar,  Erythromycin, spleen aminopeptide, 1
Simvastatin, Fasudil hydrochloride injection, Akt activator SC79,
Venlafaxine, nifedipine, Tongxuan Lifei tablets, Montelukast sodium,
Carboxysteine,, Celecoxib

32 45,49 55 .56,
84.90.93 210 ! / /
R 6 HRSCRIAG TR bR 732 e fd TR
Table 6 Classification and frequency of use of evaluation indexes after administration
LioRlIE g K S H3 (%)
Detection indicator Frequency Cumulative frequency  Percentage
fili 44U B Lung tissue pathology 28 46 60. 87
filiZiBE Lung function 20 46 43.48
—JBER I General condition 22 46 47.83
i EEVE W Alveolar lavage fluid 14 46 30. 43
I Serum 19 46 41.30
filigH 21412 Lung tissue homogenate 10 46 21.74
fitigh 41 Real-time PCR Lung tissue Real-time PCR 4 46 8.70
fitiZH 218 FH ER I Western blot of lung tissue 8 46 17.39
fitidH 215 AL Lung tissue immunohistochemistry 11 46 23.91
Jiti S 44 Y A AT B It 55 Average alveolar lining interval, number of alveoli 2 46 4.35

SN AR IR KD I ] B AR b SO R AT SR BE SRR 2 i
TR AE T 43 T By LM | 11 0%/ BT A SE T e/ AL SE T I M R B SR
&Y B H L Real-time PCR B JLH SR 1 BI04 A Wi B0 it ZH 248
PR T A B P B K A0 NS AR 22U ML i SV A AR LE |
SR T AR LT LR S g i A R L BT IR AR T 4
21 Real-time PCR 1 & 2H 20K 1 E 30
Complete blood count, respiratory rate, warm water swimming time, airway mucosal N
- . . V. ) . ¥l
epithelial lesion score, tracheal wall inflammatory cell infiltration lesion score, airway AlLL 46 2.17
phenol red excretion, antitussive, anti-inflammatory test, anti-asthma, phlegm test, spleen
index, thymus index, bronchial morphology, skeletal muscle tissue Real-time PCR,
skeletal muscle tissue Western blot, lung tissue autophagy, lung tissue cell apoptosis,
average pulmonary artery pressure, right heart hypertrophy index, lung tissue appearance,
lung tissue ultramicro Structure, lung volume ratio, average alveolar area, blood gas
analysis, lung hemodynamics, lung weight, lung index, tracheal subepithelial collagen

area, hippocampal tissue Real-time PCR, hippocampal tissue Western blot
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Figure 1 Syndrome modeling of experimental animal model of COPD
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[ Abstract ]
lipopolysaccharide ( LPS)-induced inflammation and establishment of an LPS-induced polarization model of RAW264. 7
cells. Methods

Objective ~ We investigated the inhibitory effect of Forsythia suspensa extract ( FSE) on
MTT assays were used to assess cytotoxic effects of FSE and LPS on RAW264.7 cells. Inverted
microscopy was used to assess morphological changes of cells after stimulation with LPS and various concentrations of FSE.
An enzyme marker was used to detect nitric oxide (NO) in culture supernatants. Fluorescence microscopy was used to
detect intracellular reactive oxygen species (ROS) and apoptosis. ; Real-time PCR was used to detect iNOS expression in
macrophages. iNOS, TNF-a, IL-1B, IL-6, IL-10, Arginase-1 and CD206 mRNA expression was measured by Real-time
PCR. Results FSE was not cytotoxic at 50 pg/mL. At 36 h of LPS stimulation, various concentrations of FSE inhibited
LPS-induced morphological changes, NO production and FSE inhibited LPS-induced the reduction of reactive oxygen
species (ROS) and apoptosis. Expression of M1-type marker genes ( TNF-a, IL-13, iNOS and IL-6) in RAW264. 7 cells
was significantly increased after treatment with various concentrations (100, 250, 500 and 750 ng/mL) of LPS for 24 h or
with 500 ng/mL LPS for various times. The mRNA levels of M2 marker genes (IL-10, Arginase-1 and CD206) were

significantly decreased in RAW264. 7 cells. FSE decreased the expression of LPS-induced M1 marker genes and increased

expression of M2 marker genes. Conclusions
cell apoptosis and promoting polarization.
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pe/mL ¥k FE A FSE 40 M 1% F1 43 5 R (67.13
3.25)% (41.49+2.78) % , FSE ¥ B4 i v iy 4100 i
A4 FE , 7E FSE X T 50 we/mL B9H AL B,
FSE XoF 41 (14 38 58 15 A5 B Sl B 9 skl T, 40 B A7 3%
RRWAT b AR A, G AR T 50 pe/mL R EEYE
FEAT IS 225200 (1B TA) o AHEE T X R4 40, LPS
WBEFE 100~ 1500 ng/mL P47 241 Jid g 34 5 0% A7 B i

% 1 Real-time PCR 5|¥F3
Table 1 Real-time PCR primer sequences

N SIFFI(5" - 3")

Gene Primer sequence

Forward: TCTTCTCATTCCTGCTTGTGG

INF-a Reverse; GGTCTGGGCCATAGAACTGA
NOS Forward: GAGGCCCAGGAGGAGAGAGATCCG
e Reverse: TCCATGCAGACAACCTTGGTGTTG
L1 Forward: AAATACCTGTGGCCTTGGGC
: Reverse: CTTGGGATCCACACTCTCCAG
1L Forward: CCAGAGATACAAAGAAATGATGG
- Reverse: ACTCCAGAAGACCAGAGGAAAT
110 Forward: GTGGAGCAGGTGAAGAGTGA
- Reverse; TCGGAGAGAGGTACAAACGAG
) Forward; GTGAAGAACCCACGGTCTGT
Arginase-1
Reverse: GCCAGAGATGCTTCCAACTG
D206 Forward: CTTCGGGCCTTTGGAATAAT
Reverse: TAGAAGAGCCCTTGGGTTGA
CAPDH Forward: GGCTGTATTCCCCTCCATCG

Reverse; CCAGTTGGTAACAATGCCATGT
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A HIVEH (B 1B) .
2.2 FSE 1K LPS 58 RAW264.7 4l il NO
e

SBFSE FSE XF LPS H3 RAW264. 7 40l f5 1)
NO A= 520, FHAS [V BE 1) LPS A1 AL 36 h,
SRR, 5T AL AH EE, 7E 500 ng/mL B LPS il
AR NO A it i K, Bl LPS YR B2 A3
NO A il B T T R (E 2A) |, 5UR S252 56 2K FH 500
ng/mL 1Y LPS VE MBS . 7£ 500 ng/mL ¥ LPS
FIFCT A58 T FSE XF 40l NO 2 il i FE T, 45
HRM 6.25.12.5.25 .50 we/mL ¥ FSE A] L)
FEAIR LPS U5 40 NO A= ilid (81 2B) .
2.3 FSE X} LPS 55 /5 RAW264.7 RS
=AU

{58 WA SR B0 40 A KRS IE R 4L
20 it AS RN 4 [ FE 5 LPS 2 A 400 Ji . 25 AR % T 1F
B AN RN fih £, AR BRI | 4 AR Y

P IRE £ 5 A MR S TIE R |, A #8451
SR LI B2 > I R 1) [T AL (11 3)
2.4 FSE X} LPS FSH4MMA ROS KN

5, FEVOC R T 43 A5 7E 3.6 12,24 h
4k 0 ¢ e 5k B . 7E 500 ng/mL g LPS | #%
RAW264. 7 4iiJifd 3~6 h i, 9658 B 5 %) 18 21 kb B
W TFE L (H LPS HIANIE 24 h i, 58OGR 5 % g
ZHAR P B (L 4A) , A 12.5.25 .50 wg/ml.
() FSE 1E M 24 h, 5 LPS 44 kb, FSE 4945t
5 I 2 TR (BT 4B 40) .
2.5 FSE X} LPS # SR 4 AE TR0

A3 LPS Hli =z J5 RAW264. 7 4 i i I 7=
0L, 7E Hoechst33342 YL (A1) 3 6,12 .24 h 43l 7E
TR T AR, 2SR LR, E24 h
PECHR 22 Sl W (] 5A) o HETOR 12,5,
25.50 pg/mL [ FSE EH 24 h, SECRIZHAH L, FSE
HHSOEERE B TR (K 5B.5C)

U A FSE X RAW264. 7 4ILIG PEAYSE 0 ; B LPS X RAW264. 7 ANMIGVERISEN . S IRALMILEL, ¥ P<0. 001,
Bl 1 FSE Fl LPS X} RAW264. 7 4 HL i P 152 1
Note. A, Effect of FSE on the activity of RAW 264. 7 cells. B, Effect of LPS on the activity of RAW 264. 7 cells. Compared with the

control group, " P<0. 001

Figure 1 Effects of FSE and LPS on the activity of RAW 264. 7 cells

AR EE 1) LPS il RAW264. 7 4ifLJ5 NO A B B AR EE 1Y FSE X LPS Hl 05 4l NO A= sl s i s, 5 6 B4 A

b, # P<0.001;5 LPS ZHAH L, ™ P<0. 001,

B2 FSE (% LPS JilBJ5 NO fr=A:

Note. A, NO production of RAW264. 7 cells stimulated by different concentrations of LPS. B, Effects of different concentrations of FSE on

cell NO production stimulated by LPS. Compared with the control group,

##P<0.001. Compared with the LPS group, *** P<0.001.

Figure 2 FSE reduces NO production after LPS stimulation
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B3 FSEXf LPS i35 RAW264. 7 4l A5 52 0
Figure 3 Effect of FSE on the morphology of RAW264. 7 cells induced by LPS

T AR LPS Hili# RAW264. 7 4105 ROS 7= A iA/E FII RN B C . ARV EERY FSE PR LPS Hl#US ROS M7=, St AIH L,
#p<0.001;5 LPS 41, ™ P<0. 001,
B 4 FSE Fhm LPS filli)5 ROS 19774
Note. A, Time of ROS production after different concentrations of LPS stimulated RAW264. 7 cells. B, C, Different concentrations of FSE reduce
the production of ROS stimulated by LPS. Compared with the control group, **P<0.001. Compared with the LPS group, “* P<0. 001.
Figure 4 FSE reduces ROS production after LPS stimulation
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TE: A ARFEHE LPS H RAW264. 7 408 1 9 /i I 1) s B C . AN e JEE (9 FSE /> LPS MG RO 40 A 1=, S IRALAR L, ™ P<

0.001;5 LPS #iAH L, ™ P<0. 001,

B 5 FSE /> LPS s a4 i T

Note. A, Time of apoptosis of RAW264. 7 cells stimulated by different concentrations of LPS. B, C, Different concentrations of FSE reduce apoptosis

stimulated by LPS. Compared with the control group, **P<0.001. Compared with the LPS group, ™ P<0. 001.

Figure 5 FSE reduces apoptosis stimulated by LPS

2.6 LPSiESH RAW264. 7 {ARER 4L &Y 7K B F0 it
8] 5 3%

K T WFSEAN R LPS ¥ BEXT RAW264. 7 i il
AR, 23 51 100,250 500,750 ng/mL #J LPS
YEFI 20/ 24 h, 5% BEAIAH EE , TNF-a ,iNOS mRMA
TR K FEA R LPS #e B H ¥ 2 1 & 1L-6
mRMA 2 35 7K S 7E 100 ng/mL F1 250 ng/ml f
LPS 7E H F B, 7£ 500 ng/mL F1 750 ng/mL
LPS YEF T I 3 1 & ; IL-1p mRMA 335 /K ¥ 78
250 ng/mL [ LPS T & #4455 1L-10 mRMA & ik
JKFEAE 100 ng/mL #1250 ng/mL 1 LPS /EA T &
A ; CD206 mRMA | Arginase-1 ik /K76 AN )
LPS VN W FEAR (8 6A~6G)

A T ST LPS YE A [RI B B X RAW264. 7 4
MR AL S0, 7E 500 ng/mL F49 LPS V& FH 20 )5 |

A3 A5 3] M1 R RIFER (TNF-o IL-1B ,iNOS IL-6)
F1 M2 FHIEEH (IL-10 ,CD206 | Arginase-1) A [f] i
[ 19 mRNA FkKF, 458 EZ M, TNF-a 1 IL-
18 mRMA Fik/KFAE 6 h i 515, iNOS 1 IL-
6 mRMA 2 ik /K F 7€ 36 h B g & 34 &5, 1L-10,
CD206 mRMA 3K ik /K °F 7E 36 h B 1 3 B K,
Arginase-1 mRMA 33K 7K 75 24 h i i 3 A (&
6H~6N)
2.7 FSE X} LPS %589 40 B4R 4L 59 5 0

9T k25T FSE X 4R AL g A5 AE
¥ FSE JITA 500 ng/mL ) LPS HI ¥ 40 HE 36 h, 45
W IR, FSE 1] LIFEAR LPS 155 F AL (1L-1B .
IL-6 ,iNOS) mRNA FKiA/KF-, [A]I A AT LPS 5
SR HFE A (CD206 . IL-10) mRNA F£ik/KF (K 7).,
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{i: A~ G500 ng/mL ] LPS Jili# RAW264. 7 ZHIAR AL AYFEJTIN A] s H~ N AW BEY LPS HI#4 24 h J5 RAW264. 7 BG4I AL, 5500 I
4iHLL, *P<0.05, ¥P<0.01, **P<0.001,
6 LPS Hilj# RAW264. 7 4 A AL ) e 1] 9k B2
Note. A~G, Polarization time of RAW264. 7 cells stimulated by 500 ng/mL LPS. H~N, Cell polarization of RAW264. 7 after 24 hours stimulated
by different concentrations of LPS. Compared with the control group, *P<0.05, ™ P<0.01, * P<0.001.
Figure 6 Time and concentration of LPS stimulated RAW264. 7 cell polarization

TE: A~ CoARFIREZAY FSE X LPS IS i) RAW264. 7 4 M1 SRR ALIE 15 ;D ~ E. AW B9 FSE X LPS RIS ) RAW264. 7
A M2 SRR, S0 B L, ™ P<0.001; 5 LPS 4L, ™ P<0.01, ™ P<0.001,
7 ARFIVREER FSE X LPS RIS i) 4 MU AL i 9
Note. A~ C, Polarization regulation of FSE at different concentrations on M1 phenotype of RAW264.7 cells stimulated by LPS. D~ E,
Polarization regulation of FSE at different concentrations on M2 phenotype of RAW264. 7 cells stimulated by LPS. Compared with the control
group, ™ P<0.001. Compared with the LPS group, “ P<0.01, " P<0.001.
Figure 7 Regulation of FSE at different concentrations on cell polarization stimulated by LPS
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[ Abstract]  Objective To observe the therapeutic effect of Zhenwu decoction on myocardial pathomorphology and
cardiomyocyte apoptosis in rats with heart failure induced by coronary artery ligation, and to explore its effect on apoptosis-
related proteins and the PI3K-AKT signaling pathway. Methods At 4 weeks after the operation, surviving rats were
randomly divided into six groups with seven rats in each group as follows. (1) Sham operation group: normal saline was
administered intragastrically for 28 days at 4 weeks after the operation. (2) model group: normal saline was administered
intragastrically for 28 days after 4 weeks. (3) positive control group: 5 mg/kg losartan potassium was administered for 28
days after 4 weeks. (4) Zhenwu decoction low dose group: after 4 weeks, 6 g/kg Zhenwu decoction crude drug was
administered for 28 days. (5) Zhenwu decoction middle dose group: 12 g/kg Zhenwu decoction crude drug was
administered intragastrically for 28 days after 4 weeks. (6) Zhenwu decoction high dose group: 18 g/kg Zhenwu decoction
crude drug was administered intragastrically for 28 days after 4 weeks. Changes in the electrocardiogram, color ultrasound,
cardiomyocyte apoptosis, myocardial morphology, PI3K, AKT1 and p-AKT1 protein levels in myocardial tissue,
immunohistochemical changes of Bax, Bel-2, caspase 3, 8, 9 and BNP in the abdominal aorta were observed before and
after modeling. Results (1) The ST segment of the heart failure model was elevated after coronary artery ligation,
indicating that model establishment was successful. (2)The left ventricular mass index and BNP level of heart failure rats
were increased significantly, and LVEF and LVFS were decreased significantly, whereas the left the ventricular mass
index, BNP level, LVEF and LVFS were improved in the other groups. (3) Myocardial fibers in the model group were
disordered and broken accompanied by cardiomyocyte swelling, hypertrophy. and inflammatory cell infiltration, which were
relieved to various degrees in the other groups. Apoptosis in the model group was significant, which was alleviated after by
Zhenwu decoction and positive control group drugs. (4) Compared with the model group, Bel-2 was increased, and Bax and
Caspase 3, 8, 9 were decreased in each treatment group. There was no significant difference in protein expression between
Zhenwu decoction middle dose and sham operation groups. (5) Compared with the sham operation group, PI3K, p-AKTI
and AKT1 expression in the model group was increased, and Zhenwu decoction suppressed protein expression of PI3K, p-
AKT1 and AKT1. Conclusions Zhenwu decoction reduces cardiomyocyte apoptosis and myocardial pathological changes

in HF rats by regulating the PI3K-AKT pathway, enhancing myocardial contractility, and delaying the progression of heart

failure.
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Figure 1 Rat ECG
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Table 1 Cardiac morphological indexes

41 Groups

LVMI(g/kg)

LVEF(%) LVFS(%)

5 F AR , " »
. 1&%75 1. 4850+0. 1450 ** 78. 11+3. 46 ™ 48.09+3. 54
Sham operation group
i T 4]
BRA 2.0135+0. 1808* 40. 81+7. 84* 21.15+4.51%
Model group
BH P R 21 .

1.7580+0. 1947 * 45.10+6. 80*

Positive control group

T B 24
AR+ 25 1. 8019+0. 1795 *** 50.55+12. 23 **

Low dose Chinese medicine group

F g rh 22
"l 2 1.7395£0. 0607 **** 55.61+9. 47

Medium dose Chinese medicine group

PR AP . .
T 1. 7858+0. 1628 **** 52.32+7.08 "

High dose Chinese medicine group

23.60+4. 19%

27.39+7.79*#

30. 63+6. 37 *

28.29+4. 73"

T SHAAIHIEL, * P<0.05, ™ P<0.01; 5FRAMEL, ¥P<0.01,
Note. Compared with the model group, * P<0.05, ™ P<0.01. Compared with the sham operation group, *P<0.01.
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Nk 2 Fron, SIF AR A, R AIAH Bel-2
Fik W #FH T (P<0.01), Bax, Caspase3 .
Caspase8 ,Caspase9 ik g F T+ & (P<0.01), 5
BT A A LG, IR R B 4 Bel-2 R GRS IR (P <
0.05) , v 7 2 41 2 FBH P X B 2 1 5 Jd 2 ( P<

0.01) . HaCPAK A i ) o 21 e BH A 2 08 B 2
Bax , Caspase3 , Caspase8 , Caspase9 & [ FK LRI,
ERWH G FE L (P<0.01 8¢ P<0.05) , H
e 2 5] & 4 Bel-2 |, Bax | Caspase3 |, CaspaseS8 |
Caspase9 FEHRIKH B F ALY R 27, R K
2 AT A O O 5 R B B A T, AR R B
PR T RCR Rtk

2 FBAKXKROIEEEE
Figure 2 Color Doppler echocardiography of rats in each group

B3 #41KH HE JeE

Figure 3 HE staining diagram of rats in each group
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0.01) , 2yl T ol 3 (P<0.01) , 45
PR K B i A5 R oy, LR B SV i B
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(I 5A),
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4H PI3K . AKT1 .p-AKT1 Fik¥ T/, 2% S A6 532
HX(P<0.05 5 P<0.01), H AKX %% 5 &4
PI3K p-AKT1 AKT1 EIEKF- S FARHTCH B 2
5 (P>0.05) (K 5B~5E),

4 SRR TUNEL et
Figure 4 TUNEL staining of rats in each group

0 SIRFARHAMIL, #P<0.05, #¥pc0. 01; SEHFIHAALL, ™ P<0.05, “** P<0. 01 ; 5 VX BRAH L, 4¢ P<0. 05, ¥ p<0. 01,
B 5 4K BNP KFH1 Western blot 28

Note. Compared with the sham operation group, *P<0.05, **P<0.01. Compared with the model group, **P<0.05, " P<0.0l.

Compared with the positive control group,“* P<0. 05, %% p< 0. 01.

Figure 5 BNP level and Western blot results of rats in each group
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T2 RBEALSITE R (10D area)

Table 2 Results of immunohistochemical analysis (I0D/area)

/4 Groups Bel-2 Bax Caspase3 Caspase8 Caspase9
RFARMA . " » . .
. ﬂtﬁa?’.( 0.258+0. 047 0. 080+0. 028 ** 0. 107+0. 043 ** 0. 068+0. 032 ™ 0. 082+0. 040 **
Sham operation group
ERIES|
& 0. 161+0. 072" 0. 235+0. 054" 0.216+0. 062" 0. 196+0. 049* 0.201+0. 588"
Model group
P X HE 2 . "
. & 0.237+0.059 % 0.129+0.052**%  0.165+0. 041 ** 0.101£0.026 ™% 0.105+0.042™
Positive control group
(35 e AT . .
f “.Jﬁrh o 0.207+0.032** 0. 157+0.037 ™ *  0.145+0. 058 *** 0.100+0. 048 ** 0. 108+0. 034 **
Low dose Chinese medicine group
FEZhA . .
. EP“\J%EPAE . 0.239+0. 063 ** 0. 107+0. 049 ** 0.111x0. 588 * 0.072+0. 039 ** 0. 094+0. 040 **
Medium dose Chinese medicine group
A P 2 A

0.214+0. 062 **

High dose Chinese medicine group

0. 124+0. 036 ™ *

0.167+0. 631 ** 0. 087+0. 039 ** 0. 115+0. 263 **

T SRR, " P<0.05, ™ P<0.01; 5T ARAMIL, *P<0.05, *P<0.01,
Note. Compared with model group, * P<0.05, ™ P<0.01. Compared with sham operation group, *P<0.05, *P<0.01.

3 it

MHR R 24 A B IS, 0 3 22 DA i R T AR S AR
SIS AR Z0E, LD SO B AR
A%, KR AL 8 T b S 22 A 0 A B
W SESIRINE WA 3y BE 9 A, 08 T 5 0L 5 ) 35 BE
ARS8 BEL ¥, 0t AS R0 D) A 7K B 4 3 17 A A,
SEH R PRIR ARAR PRk R I Sy % BR i D) BR R 4k
MANEE O BH 2/ 5, O Ik 22 i B8 8 U, 3 fifiogs |
B MH R, TC AT KRR, T EOK IR N A5, TR
T, Sl s o0, i LR, I R Bir 0 D Sy
i R AT O T I e AL G B B
REAKIZ W BH £ S, AR R K R iR T I e 1Y 32 B
B

FLRZ il FH AR ARER T, I R A 58 E R 52,
HRAIAYT HF 5 s O RS 7050 (LVEF) %
R (SV) O AEE(SVD) GO HEFE R (CI)
25 TR I AR O

AT 5T 3 FH 25 4L K BRI IR 20 1k 22 i e S 9 4
4 HF BIRL 53 50 PR b b et iR 20 ik BH 2E i 5 |
AL [0 UURE B0 ()5 FRRR AR AR A, R B AR A R 2 HF
SRR Iy ik, o B RTIESY HEF 5 9 sh i 4
R — )RR R R B g Y A
J& ,LVEF<50% , HF #7554 BNP K00 & |7+ (P<
0.01) , JIKG O ZERRIHE 7 i1

Sy g R, B 7 AE W W2 HE KR
LVEF \LVFS LVMI, 3455 HF K 0 WU4E 11, 2% i
HF RERAZEERE, LR ER.0 = KO
JULZHE L B S e i MBS K B e PR 40 B i 3, 3 HF K
FLCWLEF R4k, - BEA R0 3 R BRUMLTE BNP 7K

- A C R RO LA i B R T FE R &
Ml D, B R A T TR T
il mRlsA, 7o, AutRdsih g b a2
6 ) 0 P 24 5 I v )RR AR | iR A
SO IEREE MR S PR R Bk T Bl HF
A RETESRE — ) XN AR IE [ R AOC R, H S
T3 R R R A G
o WL T O LA A 25 2k 0 2R I 7
O HEIBAEE R HE F R PR G AR, 41
AR T 32 B AT G SE T2 Z AR A 3 TN LR AR A T W A
WA ST RN i ST BT iA R 5 5 R
EWI(DISC) 1% Caspase8 , ¥ 1Mij A& A= I S 7 % 1k
Caspase3 HFFEPET-FM, KRN FRAELE
IS TR UN]US TR i W L 2 o YA NS R g =B | S R A 5
JiCZE M BT R B T2 & A 1K (apoptosome ) , ¥ 1
Caspase9 , 7 117 1 1 G I [ W BTG Caspase3 55 & 42
P81, Caspase8 Fll Caspase9 F¥IE & X P Fiig 42
ORI AR L Bel-2 KRB BT T AR I T A
515 SRR YA T3 B TR 5, Bel-2 Hil Bax s —
HMA TR T E AR T EATER T4
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3.0 E 2 KA — M BEBE AR R, TN 510006 ;4. 5 AT A B E BERERSRE, ILPE S5k 048000)

[#E) B 5 PDI8059 WAL A K T B1(TGF-B1) S A XS L 2 4l BEAS-2B |- f% i) ik
(EMT) #1520 K vl Ge 0 43 T LS, ik AWFFER AR L2 4 i ( BEAS-2B) , ffi ] TGF-B1 5%
BEAS-2B | ¢ [A] Fi AL A5 R {5 Fl] ERK1/2 30415 PD98059 #8755 il ERK/MAPK 15 5 %5 5 2 75 5 i EMT JEFE,
I e FOLK I BEAS-2B S H MY o-SMA B8 111 23K B E AV ; CCK-8 1 I 4% 21 41 Ff 716 3R 5 Edu 3250 K
45 20 40 M 384 A BE 7K 5 transwell S50 AG N 45 2H A0 AT B BE 7 7K T ; Western blot Rl 4520 EMT #5685 118345 &
ERK/MAPK il G 0, 53R SIEW AL, BRAIZ o-SMA FIEHIN, «-SMA 7£ BEAS-2B 40 fifl i 3%
ik, PD98059 £ 40 pmol/L ¥ &5 5 ng/mL TGF-B1 FLAL B BEAS-2B A K (P<0.05) , 5 =4 Edu [HPER
TR EEZR(P>0.05) , 5IEH 4AH L, B84 3T 4 A M 4500 I (P<0.05) , b B [R5 fb A i 2 1 R ak 19 ( P<
0.05) ,p-ERK 2K 1A (P<0. 05) ,PD98059 1 LAHA ft gk /1T RS 4 M4 ( P<0. 05) , i | e ] Ak b i 2 1 A
ik (P<0.05) B ERK 8 AV IETE (P<0.05) , 451 TGF-p1 7] fgif i3 ERK/MAPK i@ B4R ik A 32545 i 40 i
b pz ) A AR PD98059 1] L 3ot 3 ERK/MAPK 3 B (30 0 S0 A504% 40 i EMT 57

[ WM, PD9I8059; ERK/MAPK ; I+ iz ] Fi i Ak, ; < i T 4
[hE4ES] R-33 [ XEktRiIZEE] A [XEHS] 1671-7856 (2022) 07-0034-07

PD98059 inhibits TGF-B1-induced epithelial-mesenchymal transition of
human bronchial epithelial cells in asthma

WU Wengi'*, ZHUANG Xuhui'®, WANG Shuchen'” , LI Jingjing'*, WANG Xia'?, WANG Yong’, MA Wuhua®*
(1. Guangzhou University of Traditional Chinese Medicine, Guangzhou 510006, China. 2. Department of Anesthesiology,
Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou 510000. 3. Department of Anesthesiology,
First Affiliated Hospital of Guangzhou University of Traditional Chinese Medicine, Guangzhou 510006.

4. Jincheng Department of Anesthesiology, Municipal People’s Hospital, Jincheng 048000)

[ Abstract ) Objective To investigate the effect of PD98059 on epithelial-mesenchymal transition (EMT) of
transforming growth factor 1 ( TGF-B1)-induced human bronchial epithelial cells BEAS-2B and the possible molecular
mechanism. Methods Human bronchial epithelial cells (BEAS-2B) were used for the BEAS-2B EMT model established
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with TGF-B1, and the ERK1/2 inhibitor PD98059 was used to explore whether inhibition of ERK/MAPK signal
transduction affects the EMT process. Immunofluorescence was used to detect the expression and location of a-SMA protein
in the BEAS-2B airway remodeling model. CCK-8 assays were used to assess the cell survival rate. An Edu proliferation
assay was used to assess cell proliferation. Transwell assays were used to assess cell migration. Western blott was used to
detect the expression of EMT marker proteins and activation of the ERK/MAPK pathway. Results Compared with the
control group, a-SMA expression in the model group was increased, and a-SMA was expressed in the cytoplasm of BEAS-
2B cells. Cotreatment with 40 wmol/L PD98059 and 5 ng/mL TGF-B1 inhibited BEAS-2B cell growth (P<0.05). There
was no significant difference in Edu-positive cells among the three groups (P>0.05). Compared with the normal group, the
number of migrating cells ( P<0.05), expression of EMT marker proteins (P<0.05), and expression of p-ERK protein
were increased in the model group (P<0.05). PD98059 significantly reduced the number of migrating cells ( P<0.05)
and inhibited the expression of EMT marker proteins ( P<0.05) and activation of the ERK pathway (P <0.05).

Conclusions

TGF-B1 promotes the EMT of human bronchial epithelial cells via the ERK/MAPK pathway. PD98059

inhibits EMT of bronchial epithelial cells by suppressing activation of the ERK/MAPK pathway.
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&, AR AME 5 AH GBS (extracellular signal-
related kinases, ERK) Jun 24 % K ¥ ¥ B ( Jun N-
terminal kinase, JNK) . fll p38-MAPK, ¥ i i,
ERK/MAPK it ¥ -5 40 L 35 58 734k 2% 2 Al
JAT-A T, AT ERK/MAPK 1 Oy G
5 55 Tl 1 2 5 4 L 4 fb s v 1 EMT 3
P ARBEE B 7ERUE ERK/MAPK 1555 S 78
I M AT E AR SR B AR EMT kAR v
A BOEAE B, IFHRIT ERK/MAPK #1157 PD98059
X IR 5 ), Ay 3 G A0 50 6 I PR AR R
BEAth B S B AR

asthma; PD98059; ERK/MAPK; epithelial-mesenchymal transition; airway remodeling

1 #EFrE

1.1 #4pa

NS R A0 BEAS-2B (W T35 [ A= Wb
HESR IR L)
1.2 FERKFSMNE

DMEM & HRE R 3E BG4 135 W T Gibeo A F
4 TGF-B1 W T peprotec 2% #l; CCK-8 izt 7|
MedChemExpress 4~ |, PD98059 W F
MedChemExpress 23 f) ; Edu 41 fg 38458 5055 & . Cy3 ¥t
e 1eG I F 130 < KA ARA PR 7 5 transwell
TR T Corning /A 7l ; vimentin —$T , a-SMA —
$L .GAPDH —#i 1§ T CST /A #l; p-ERK1/2 — 4 .
ERK1/2 —Ht T Bl 3 b M R B BE 25 A IR
NI

Multiskan GO & #5114 T 3% Bk & A &l ; BG-
gdsAUTO710PRO b2 &G U R G2 T-3L 5t A i
AP AR BRZ ] 5 TXT73 5 B 96 1 S b Sl 1)
T H A EARE R A4
1.3 XWHE
1.3.1 ZHfEssFR e KAk s

¥ BEAS-2B 43 5 T 10% FBS H 1% 75/
FHRACE M DMEM bR I, Kige el 37°C |
5% CO,; T TGF-B1 i 10 mmol/L citric acid &
ffBCE S 50 we/mL IR, S5 40 M5 R BC E
5 ng/mL ¥ W, PD98059 f# I DMSO i# fit A 40
mmol/L &R AEET-—20°C VKA , 1 FH 40 I 1% 37 ik fic
B 2.5.5.10,20 .40 wmol/L VW, S2¥4r4H . 1F
B (Con 41) , HiRIZH (TGF-B1 5 ng/mL) , T4
(TGF-B1 5 ng/mL +PD98059 2. 5~40 pmol/L)
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1.3.2  ZHHEGETO IR o-SMA & R iK T
(AR

# BEAS-2B 41 L 3000 ~/FL#EF T 96 1L
Me, BEEIEH AL, A4 (TCGF-B1 5 ng/mL) , ¥
24 h &, TR TSR AR BRI 72 b, SR A
FW, 4% 2B R E 10 min, {75 PH 7 = TR0
B 1h, MARIZ wERUA(L : 200) 1375, Cy3 #T
% 1gG W 1 h, DPALWEE 10 min JE7EEI &L
e Wi T R AT R
1.3.3  CCK-8 K2 fa i 71

# BEAS-2B 40 i3 LA 3000 4~/FLZEF T 96 L
Me, WE S 4 IEF 4 (Con 4) BIRIZ (TGF-B1
5 ng/mL) , T4l ( TGF-B1 5 ng/mL+PD98059 2.5
~40 pmol/L, 5 MREEREEE) . H55% 24 h, R4
Ji DG B S B4 & 5 ng/mL TGF-B1 M 2.5.5.10,
20.40 wmol/L PD98059 AUANMIRG TR, 1 'E 3 &
L, fEEEFRAME 72 h, KHEER)E, AR
A CCK-8 10 pL, TEXEFRAHME 2 h JFFEMR LT
D 450 nm TGRS, AMIAFNE R (%)= ((A 5L
BfL-A 25 HFL) /(A XIEFL-A 25 HFL) ) x100%
1.3.4  Edu Kol 40 i 5e 3 P

¥ BEAS-2B 41iJifd ) 3000 ™41/ FLEEFH T 96 £L
Mo, WEIERAL, KUY (TGF-B1 5 ng/mL) , Tzl
(TGF-B1 5 ng/mL+PD98059 10 wmol/L), 3555 24 h
J& , 2% R UAEREFE i N FE ) 20 i 647 AN
AL 72 WO TS SRS A A LIA
50 wmol/L Edu A7), M4 FISZI0E5F | 75 740 0
B 4 h, ARG Edu 40658 ) B U B 5 A,
HEERH Edu FAYEAIM(456) 5 hochest 33442 FATE
A () 1Y ELR IR ARG AR R
1.3.5 Transwell SEEGAGIN 40 0 EFL HE

M40 B AL BEIE 1. 3. 4, #F BEAS-2B 2 g LA
5x10* /LR T 6 FLAk, XA LS T A W) A b 2
T 72 b, KA PR 5E S B A R AL fS , G
L3715 57 e fic B A 22 T+ 7000 /> 20 JiE 1) 41 7 2 7
JIA 300 wL 22 % £ Transwell /NE, FEMA
T 10% FBS () DMEM £33 700 wl., 553250
B 12h )5, BNERT, 4% 0 M 15 min, 78
BT FEHLTTE 3 AT () 20
1.3.6 Western blot £l EMT #5332 1 & ERK/
MAPK & H&KIAE A

20 b T 1.3.5, FFLINA RIPA 2

AR, MR ) EIER AN, 4°C 15000 r/min 2.0,
WCEIEW, SR BCA YA & & MBS, fin A 5x
Lodding Buffer 5 Bl 2 H78PE, BCE SDS-PAGE
Bele, Ak FEIE =R T AR A B 1 h
Ja, 4CHFE —bid i, ZIRMEE Pl 1 h, fk¥k
HeASUR RIS, Tmage J 434 5% K EEAE
1.4 FitEHRZE

A S 56 KR SR SPSS 21. 0 #4748 it
30T, B R S B e AR o 25 (a2 ) AT JROR
FHIEASPER IR Shapiro-Wilk A5, 4052 56
BT A I AR 40 A, K 56 22 41 80 41 1\) 22 57 R
FHEA R 2K J7 2243 BT (One way ANOVA), 4 J7 2%
Fr, 4L W BG4 LR T LSD AR B, 2R
FFEF R dunnett’ s T3 #2836 . P<0. 05 A WA ST

2 HR

2.1 oSMA EAAEYSELRMAMRSEERE/
R R R AR R R 3K | RE AL

SR mE 1L R, 5IER 4, TGF-B1(5
ng/mL) A 4l «-SMA ik | RN AN
JRLL SO % 45 R 4R TCF-B1 ik &
BEAS-2B 4t - { [H] B AL A AL
2.2 PD98059 % TGF-Bl WX S &+ MTEE
Eag: A |

S5HE 2 Fin, SIEHW I H, R Y 40
JAF I R (P>0.05) , SHRI4LH L,
PD98059 57£ 2.5.5.10.20 pmol/L ¥ 5 TGF-B1
LI b BT A JL A7 15 A R (P>0.05) o 1
PD98059 I N E] 40 wmol/L I, A%} BEAS-2B
T A B S A A (P<0. 05)

1 a-SMA SR HAESCUE R AN R a9/
b e TE] A A R R 0K A
Figure 1 Expression and localization of a-SMA in bronchial
epithelial cells and airway remodeling/epithelial

mesenchymal cell models
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R AAAANMIEFERE S AL (xs)

Table 1 Comparison of proliferation ability among groups

4L BHAEAIH R (%)

P
Groups Edu positive cell rate
P
(A 44.422. 42
Con group
i1
. TE 1l 42.01+6.93 0.314 0.742
TGF-B1 group
~Tig
i 41.43+4.29

TGF-B1+PD98059 group

W SIEFAML, " P<0.05,
B2 PD98059 M TGF-B1 % L& b Kz
24 00 4 LA 375 22 9 5 T
Note. Compared with Con group, * P<0. 05.
Figure 2 Effect of PD98059 and TGF-B1 on the

survival rate of bronchial epithelial cells

2.3 PD98059 X TGF-B1 X xS & 5 4 a8 sE AL
pal:apA|

SR HEBR 14 5 0T A1 A T B 1) 45 SR v R B s, fif
FH Edu 3845838070 G500 0 20 45 20 4 M3 GE A O, 4551
WE 3 iR IE% 4] Edu BHPER N (44.42+2.42)
FERIZH Edu PR K (42.01+6.93), T4 Edu
PEFN (41.43+4.29) 0 3 A E] Edu FHPER TG B 35 2%
S(P>0.05), 453" TGF-B1 K PD98059 X
BEAS-2B 4H 3 5E TC M (R 1) o
2.4 PD98059 % TGF-Bl X XS & B A0 5E 4E
LA

LR 4 s S5IER A, BRI A AT
BRI R (P<0.05), SHEAILIAH L, PD98059
THif5 BEAS-2B 4f Jifl iT #% £ W] & ik 2> ( P<0.05)
4513 1] PD98059 REM | TGF-B1 755 1Y 4H Ml T 7%
(£2),
2.5 PD98059 % TGF-pl WX SE - E 4 EMT
FREZE B ERK/MAPK EREBRIZHEMN

SERANEL S B . 5IE R 4 AH L, 557 2 20 i
vimentin ,a-SMA Fl p-ERK 5T+ (P<0.05) , S
HIZHAH L, PD98059 T i/ BEAS-2B 4 fifl vimentin .
a-SMA Fl p-ERK 35 TR (P<0.05), %53 K
PD98059 eIl TGF-B1 5 B 4 Ml EMT 1 ERK/
MAPK 38 F S (£ 3) o

B3 PDI8059 o TGF-B1 X 34 b B2 2 M i 5 i 71 S iy
Figure 3 Effect of PD98059 and TGF-B1 on the proliferation of bronchial epithelial cells

B4 PDI8059 & TGF-B1 X 3T b B A M fE 71 S il
Figure 4 Effect of PD98059 and TGF-B1 on the migration of bronchial epithelial cells
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R2 SUMMITRERES] AL (x4s)

Table 2 Comparison of migration ability among groups

415 ERAR(%) F p
Groups Migration rate
-84
(LA 100. 000. 00
Con group
RERIZ
* 1.321 0. 001
TGF-1 group 231.47+19. 65 9 <
THizH

#
TGF-B1+PD98059 group 157.76x6. 46

M SIEWAMLL, © P<0.05; SERAIARL, *P<0.05,
Note. Compared with Con group, “P<0.05. Compare with TGF-B1
group, *P<0.05.

R3I SUAMMEARBAKP L (x2s)

Table 3 Comparison of protein expression level among groups

5

Vimentin a-SMA p-ERK
Groups
Y
IE#4 0.47+0. 01 0.43+0.15  0.16x0.09
Con group
T2 . . .
TGF-BI group 1. 09+0. 08 1.36+0.05*  0.64x0. 10
THiH
TGF-B1+PD98059  0.85+0.01* 0.77+0.07*  0.35+0. 11"
group
F 114. 680 62.232 16.411
P 0. 000 0. 000 0. 004

TE: SIEWAAMLL, *P<0.05; SHIBAMHL, "P<0.05,
Note. Compared with Con group, “P<0.05. Compare with TGF-B1
group, *P<0. 05.

B 5 PD9I8059 K TGF-B1 X 4 |- e 4
EMT H i 2K FRT ERK/MAPK G B 2 1 2635 (1 52
Figure 5 Effect of PD98059 and TGF-B1 on the expression of
EMT protein and ERK/MAPK pathway protein in

bronchial epithelial cells

3 itig

AWFZELL TGF-B1 B AL RE 2 4l EMT
LAY kil TGF-g1 + 1 )2 TGF-B1 A PD98059 Hx

411 BEAS-2B 21 it (4 40 i 3% 11 3 As RE 1 1B
i) % EMT R 8 (2RI

AT Z% Doerner 25V 4R 8 #E 7 TGF-B1 75
S XA F A0 BEAS-2B | Bz [8] 5 5 Ak A A
BRALLIIE A B 25 2 ity <G FE YR A T I, WRER 31| BEAS-
2B 4l a-SMA #E H vimentin 5 HE£ AL | 4
IERSBE 3G T BN 40 A 3G 5, PR 20 A
W1, 7E TGF-B1 &S, il A ERK/MAPK i i #1
i3 PD98059 1E K T i , 7 SCHikHZE H , PD98059
fE BEAS-2B | (1 1 i /] & M 10 ~ 30 wmol/L A
A H Tian 2P 403 PD98059 7£ 30 wmol/L
B 2 2% A LT g AR SRR Rk, ASBIF 9 iR
B E R FE RSN PDI8059 Xf BEAS-2B 4 fifd 1 1 )
R, 453 % B PD980S9 ¥k 4 fin ] 40 pmol/L
i, A% BEAS-2B 36 P = A B W 30k AE . s
il PDO80S9 XiF 4 A i 14 3 il 11 7T B 7 e 11 52
PD98059 % 10 wmol/L ¥k i FHAE 5 22525

LRI R — R R Y R b R A E
TGS R IR ANA, Ok 2 An A fR] A K i, 3RS
(3T BE 1 AN 43 6 40 B A1 36 T i BE O, fERE A
E-cadherin FU /0 DA K [8] J5it 241 Jifg > 5 2 F < vimentin
F a-SMA ZE '™, Ho a-SMA it 37 14 1 1]
AL A EE RSy, S5 A E R R
ARk, Rl X b K (R B AR S AR A, HR
TGF-B1 531 1 1z 18] 5T 7% Ab 7 0% i 18 35 < B 9
PR 2 3056 TGF-B1 A TE RAE
A AANEE AT I R 0 W7, EHEsE S
% Bty ST 5 T IR SR

AT T S Ay 0 0 B 114 B R AR, L
RIS AL S b B2 450005 RS W R 18 A | b B T R g
DURR I A8 Az BRIV GE S L i > A<GE R
KU AR 2 7 B R R s R RS
HENG R E MR IRITT A BRI EE R R, HIH R
FATEE IR R T 73T AL A 1R 9T
SR A W M T 9 A R 9 A R %) X

TEARMGEH, FA14 P TGF-B1 iS5 BEAS-2B
1 p-ERK1/2 KA 17, @it H PD98059 il
il EKR/MAPK A DL ] 20 i iF #8 | o-SMA 25 11,
vimentin 85 H £k, A6 EMT #:#2, ERK/
MAPK 38 2 BT i MAPK 15 5 % 53 [t v e d 22
M5 R E, Hd 7k ERKL~5 A%, 1
ERK1/2 #4802 H A 78 e K MAPK 4217
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ERK1/2 W% g 9 A < PR 7 88 3 3 38 RO 300
Raf/MEK/ERK ZICiE #% , 552805 T i MAPK {5
I B A BRI AR, S EOH R FE R 5
B B WF 5T & PRI ) ERK/MAPK 38 % 1 DL 75 98
KiE AR T R FEVRITAE . A, EE R
ERK/MAPK i %2 5 40 g 3 i A= g #2, Rtk
ABIFSE I 16 6k 40 TG 55 44 5 R O T R i i 2
YW EES 5 Transwell S255, UER] T PD98059 1l il
TGF-B1 1755 1B 4 M 443 22 55 100 i) 41 e 4% 58 TS
X%, PD98059 i i # il BEAS-2B iE R Ak 1 3 B iE
BN s /L ASBF 5T 45 R4 /R ERK 38 5 7 52
SAE LA EMT & 5 AR, 38 2 90
ERK/MAPK i /389 EMT 7] e N 1A TT S04
s B B — MR TE RS, S22 B, 5kE
ZAEI I R BB R BT v LA T LA SR
i cyclinD1 A E FE I, Zha 457 #2186 PDI8059
A LLE A E NS LR AR EMT 6, s
Berdifh, DLW SARME AR —2, T
PD98059 i i # il EMT i R AE 16 7 B Wi < 18 H 98
TS LE M

ARAFFE BN JE Z AT T IRA T LR ALAE ERK/
MAPK % | X%F TGF-B1 75 5 i 32 <48 b iz 40 g
EMT 47 0F 58 5 70 #r, (H3 52 1, MAPK 3 %
P38 il Jx INK il it 25 7zt &l kA1
RIFEAR e AT FE, X T 72 43 i iR G S
HEMT Y4 iR

Zi b ATk, AW & B TGF-B1 ] fE M it
ERK/MAPK 38 A 78 A 5248 b Je 40 i L Bz (6] o
EeAedERE, PD9805S9 AT LA i #ill ] ERK/MAPK i
R T I SRS L B A EMT #E R

SE k.
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4 EF & E B RARB KRBT R R B R R E T = R
HEETENLERRAR

AAETE RN A B DG I, A 4F A= I 20T X Bl 22 R e R 28 J ™ A= AN P 5], 3 4 A SR
B L IE R BJZ MER R AL S X 2 5 2 AT B o A AU AT B B2 2 g — v [ PR 2 B
o7 Bt B2y S S I BT 2 ) B AT BA T30 A RS2, JiA i B SR AR R IR BE A 22002 55 R 19 4l 4R A 15 22
PRI B SR IR AT | BRI B J2= A 22 0 G N A A PR AL A PT RE AR O AT 2 20 B LA ) 22 S #
BEnh o A SCHE—PARTER AT B Z AR ZIBRREFH 22 J0F1 GABA REH 28 T 10 Ml P MIHE P K Bl 22 1] B9 AN [

MRZE AT PECAR R, AR R S ) A R S RE AR TR TS AT IOL Py et 2B

ARG N KRB0 B R T ZUAR AY ( maternal separation with early weaning, MSEW ) /F i 2454 16 Z
PRSI B S o4 20 I R B 1 SR R LRI K J2 A R e 42 JT F GABA RER 2800, JF A I 2%
HNTEX AT PRI RIE . A5 5RERWT, LARR 2 0 S o A5 FHBR 2 | I (E A B S R DU 8 A, 401 i 2 20 1R RE A
Z2I0H GABA BEFNZETCRIN H AN [ RRAE 19 #i 28 v A B R0 . 5 AR RE AT 48 T 4 A ME AR I R B AU 4 B & I
Tt DO R MEPERRI A TO ] 25 57 . AN [A] T8 &R RE I 2270, GABA BEMI &0 1Y %A R I
FAAS R H A7 1 {4 X (L P R PR L ZH 3G 0 O 2 i R s AR LA

L5 FRTIR R BRBEF0 2 S0 e LA AR ) 7 80 2 3 L P 28 TR S M 1 D Ay PR Rk (] I LA B
MEZE S, FE— 203 BRI T B J2 Y %y — 3 P2, D R BB 00 18 LA B L i S 48 4 D A R L R i s
Z Y REHLA

AT R K 36 T Shi i 5 5206 % 27 (9 30) Y HH | (Animal Models and Experimental Medicine , 2022,
5(3): 274-280; https: //doi. org/10. 1002/ame2. 12252)
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XTI, B8 sk s 45 AN 37 3O R LB UL MSTN AT IGFL fYR2m ok [T]. B AR R 2200, 2022, 32(7) : 41
-48.

Liu XJ, Sheng L, Zhang NY, et al. Comparison of the effects of different exercise modes on MSTN and IGF1 of rat skeletal muscle
[J]. Chin J Comp Med, 2022, 32(7) . 41-48.

doi: 10.3969/j.issn.1671-7856. 2022. 07. 006

AN [A)az 3l 77 2O K B Bf L MSTN A IGF1 1
5 Wi HL A

XEE B B RKAD L EFLE A

(LR R IR 2EBEE S B 2ERE B 210014 2. M U IR H #BEFHIFAL B 5t 210014
3. AR T R BE R A S L B R 210014)

[@E] BHH HREAREIT 0K R B K MSTN Al IGFL #5200, Rkt Al #9125 XU
HCEEEE LD RE SR LB ARG . Ak SD KRR 40 2 BEHLA R 4 41, 54 10 B, S5 2ot R4l Fesiiif ik
B e B () B bz Sh A0 S B ICERE Bh4l . 4532 sh ALt AT o 00 8 Rz sl 45 , 5 2 ot R A1 — kS R e
AOBE AR REA OSSR AR R LT 5 HE Y (0 088 JHE g JUL A% A8 46 T AR K, ELISA Dy A8 oK Bl it
% MSTN | IGF1 Fl & % (insulin) F7KF , Western blot J7 846 K B L MSTN [IGF1 ,p70S6K Ry KL, &8 3
AME B B K AR TS 8 AR T 228 x B4 (P<0.01) , RE2: iz vk 3l 40 Mk L5 2 3 MK T 2§ o) R 4 (P<
0.05) , HAPI2H I UHE M LT 1t B A7 . 2572 Ak (P>0. 05) 53 iz 2l 28 i JULASS 46 e R 4 2541 T 22 i 0 B2 ( P<
0.05) , eAHIZ B 2 1 o 5k 32 TR Ui Dk A2 30 4L P UL 7 v AR 2 3 T R 82Tk G2 314 ( P<0. 05) . ELISA #5210
7,3 MBI IGF1 K44 8 5 T 2238 %) 21 (P<0. 01) , 1fif MSTN F1 insulin /K994 B354k, EHIz
BNZAHEM L MSTN 75 [ 3535 2K T2 %] HRZH ( P<0. 01) , 1] IGF1 I P70S6K 7K [ 323k 8 T2 ¥ ) B 20
(P<0.01) , ¥e2liliFikiz shAMEM AL p70S6K MR A ikt i 2 3 F2cifif IRAL (P<0.05) . &8 3 Fhiz sy =
L, sk 3z Bl A i B 1k iDk oz 2l B AR Ly HE M LB B8 55, (E X -85 L MSTN 1 IGF1 FISZ MR TR, TeHhiz
Bl R 8 MSTN F)3%3k, LR IGF1 H1 p70S6K [R5, T = 5 & 8] Bk Ui vk 42 sl 4B % L MSTN \IGF1 1 p70S6K H5%
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[ Abstract]  Objective This study aimed to explore the effects of different exercise modes on skeletal muscle
growth factors MSTN and IGF-1 in rats and to provide a theoretical basis for choosing appropriate exercise modes to improve
skeletal muscle function. Methods Forty-eight SD rats were randomly divided into four groups, each with 12 rats, namely
quiet control, continuous swimming exercise, high-intensity intermittent swimming exercise, and ladder exercise groups.
After 8 weeks of exercise training, rats were sacrificed by overdosed anesthesia together with the quiet control group, and
samples were collected for testing. The body weight and gastrocnemius muscle weight of each group were recorded. Cross-
sectional area changes of the gastrocnemius muscle were observed by HE staining. Serum levels of MSTN, IGF-1 and
insulin were measured by ELISA. MSTN, IGF-1 and p70S6K expression in the gastrocnemius muscle of rats was detected
by Western blot. Results The weights of rats in the three exercise groups were significantly lower than that of the quiet
control group (P<0.01). The weight of the gastrocnemius in the continuous swimming exercise group was significantly
lower than that of the quiet control group (P<0.05), and the weight of the gastrocnemius in the other two groups did not
change significantly (P>0.05). The gastrocnemius cross-sectional area of the three exercise groups was significantly lower
than that of the quiet control group (P<0.05). The gastrocnemius cross-sectional area of ladder exercise and high-intensity
intermittent exercise groups was significantly higher than that of the continuous swimming group (P<0.05). Serum IGF-1
levels of the three exercise groups were significantly lower than that of the quiet control group ( P<0.01), while MSTN and
insulin levels did not change significantly. MSTN protein expression in the gastrocnemius of the ladder exercise group was
significantly lower than that of the quiet control group (P<0.01), while IGF-1 and p70s6k protein expression was
significantly higher than in the quiet control group (P<0.01). p70S6K protein expression in the gastrocnemius of the
continuous swimming exercise group was also significantly higher than that in the quiet control group (P <0.05).
Conclusions Ladder exercise and high-intensity intermittent swimming exercise both increased the gastrocnemius mass
index, but their effects on MSTN and IGF1 in skeletal muscle were different. Ladder exercise downregulated MSTN
expression and upregulated IGF1 and p70S6K expression, whereas high-intensity intermittent swimming exercise had no
significant effect on MSTN, IGF-1 or p70S6K in skeletal muscle. Ladder climbing may increase the cross-sectional area of
gastrocnemius muscle by reducing MSTN and increasing IGF-1 and p70S6K.

[ Keywords] exercise modes; skeletal muscle; MSTN; IGF1; p70S6K; rat
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Table 1 Continuous swimming exercise and high intensity interval swimming exercise scheme

FREEETF R I 25

Continuous swimming training

1R AR P ) A )

High intensity interval swimming training

JAW WK /T i W K /R [ 8¢ uiH

Weeks Times/ day Duration/time Load Times/day Duration/time Intermittent Load
0 1 P 25 Adaptive training
1 1 30 min 0% 5 1 min 1 min 5%
2 1 40 min 0% 5 1 min 1 min 7%
3 1 30 min 1% 5 1 min 1 min 8%
4 1 40 min 1% 5 1 min 1 min 10%
5 1 40 min 2% 14 20 s 10 s 13%
6 1 50 min 2% 14 20 s 10's 14%
7 1 50 min 3% 14 20 s 10 s 15%
8 1 60 min 3% 14 20 s 10 s 16%
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Table 2 Load ladder-climbing exercise scheme
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Note. *, Odd weeks, due to increased load, training once a day. #,
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TE:A SRR ;B AR BRSNS AL C & 41K BUHEA IUBTREAR 0 D AR BUA TR 2R, 2. %
O B b AFEEAKIZ B2 5 o B SR BL I RRIAVK 41 5 d AR CAB ISR, S IREAH L, © P<0.05; 5
Fpgelipvkig st , *P<0. 05,

1 AL IRBUATE JHER IUST  F0HE R JIL S 8 5 L5
Note. A, Weight of rats in each group. B, Weight of gastrocnemius muscle of rats in each group. C, Gastrocnemius
muscle mass index of rats in each group. D, Weight change curve of rats in each group. a, Con group. b, CE group.
¢, HIIT group. d, CLE group. Compared with Con group, * P<0.05. Compared with CE group, *P<0. 05.

Figure 1 Comparison of rat body weight, gastrocnemius weight and gastrocnemius mass index in each group

TE A A Y A LA 2500 B LA RSB R GETHE] . T BR AL s b RR SR VK G B4 5 o« 15 5 B TR BT DK 4
d: RN, SR BAHELL, " P<0.05; SHEEIRIGE SI4IMIEL, *P<0. 05 ;5 10 5 B ] /i Tk 2 h 4140
I, ¢ P<0. 055 5 S EICHIIZALAILL, * P<0.05,

2 AR RUNFI U B AR L A
Note. A, Histological structure of muscle fibers. B, Muscle fiber cross-sectional area. a, Con group. b, CE group. ¢, HIT
group. d, CLE group. Compared with Con group, * P<0.05. Compared with CE group, *P<0.05. Compared with HIIT
group, ¥P<0.05. Compared with CLE group, ¥ P<0. 05.

Figure 2 Comparison of cross-sectional area of gastrocnemius muscle of rats in each group
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WAL MSTN &5 B IMVE IGFT F; C GRS E S, a LR IRAL b FREelif iz shdl s o Rk
() BRI AL d . T eI 2R, S5 2fpd AL, * P<0.05,

B3 &4 KFUTE MSTN IGF1 Al insulin 7K H 4
Note. A, Serum MSTN content. B, Serum IGF1 content. C, Serum insulin content. a, Con group. b, CE group. ¢,
HIIT group. d, CLE group. Compared with Con group, * P<0.05.

Figure 3 Comparison of serum MSTN, IGF1 and insulin levels in rats of each group

1 : A MSTN 2 HARXS &5 & B IGF1 25 FHAHXS % 1 ; C: PT0S6K 2 F AR & 4 ;D MSTN | IGF1 Hl p70S6K Y2 HRIA A o a: LFxS
WRZH b FFEEFTKGE B4 5 ¢ . RO IRV BRITEVK 4 5 d . S EICM I 24, 5 fext IRALAR L, ™ P<0. 05 ; S RpEF 02 shdii L, *P<
0. 05 ; 55 1e5 3R I BRUF T8 Bh 4L H , & P<0. 055 5 B IEBE I ZRALAILL, * P<0. 05,
4 FHHKREMEHN MSTN (IGF1 1 p70S6K £ 133k b3

Note. A, Relative content of MSTN protein. B, Relative content of IGF1 protein. C, Relative content of P70S6K protein. D, Expression of
MSTN, IGF1 and P70S6K protein in gastrocnemius muscle of rats in each group. a, Con group. b, CE group. ¢, HIT group. d, CLE group.
Compared with Con group, * P<0.05. Compared with CE group, *P<0.05. Compared with HIIT group, ¥P<0.05. Compared with CLE
group, ¥ P<0. 05.

Figure 4 Comparison of MSTN, IGF1 and p70S6K protein expression in gastrocnemius muscle of rats in each group
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Static inhalation toxicity of plastic racetrack surface materials in rats

LI Peining', LIU Xiangmei'* , HUANG Jingyi®, LI Guangxian', LIU Ying', SUN Xia', HE Shufeng', LIANG Junjie',
LIU Donghong'
(1. Guangzhou Quality Supervision and Testing Institute, Guangzhou 511447, China.
2. South China Agricultural University, Guangzhou 510000 )

[ Abstract ] Objective  To study the static inhalation toxicity of plastic racetrack surface materials in rats.
Methods SD rats that passed quarantine inspection were randomly divided into four groups, namely 30 day normal
control, 30 day exposure group, 90 day normal control, and 90 day exposure groups with 16 males and females in each
group. Rats were exposed to gases by inhalation for 30 or 90 days. At the end of inhalation exposure, blood coagulation,
blood routine test, blood biochemistry, organ coefficient, and organ pathology were assessed. Results Compared with
normal control group of the same sex, thrombin time of male rats was shortened in the 30 day exposure group ( P<0.05)
and activated partial thrombin time of female rats was prolonged in the 90 day exposure group (P<0.01). Serum Ca and P

were decreased in female rats (P<0.05, P<0.01), and serum creatinine and urea nitrogen (BUN) in rats were increased

[E£TH]) AE BRBEIE4 T FIH (2021A1515012494) ] 448 T 3 W B4 BB I0T H (2020CZ03,2021CZ04)
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[EEMEE XM (1981—) , Lo, AR, BIBFST 5L, WF9E 07 1) SR B 2 M0 . E-mail ; 283830090@ qq. com
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in the 30 day exposure group. In the 90 day exposure group, serum BUN and P were increased ( P<0.05, P<0.01), Na

and Cl were decreased of female rats (P<0.01), whereas serum BUN and total protein were increased in male rats ( P<

0.05). The adrenal coefficient of male rats was increased in 30 and 90 day exposure groups (P<0.01). In the 30 day

exposure group, there were three cases of mild steatosis of hepatocytes in the hepatic portal area, three cases of exfoliation

of the bronchoalveolar epithelium, one case of renal cyst, and one case of individual convoluted tubule atrophy of testis. In

the 90 day exposure group, there were six cases of mild steatosis of hepatocytes in the hepatic portal area, two cases of

exfoliation of the bronchoalveolar epithelium, one case of cellular focal hypertrophy of adrenal zona fasciculata, two cases of

individual convoluted tubule atrophy of the testis, two cases of individual glomerular telangiectasia of the kidney, one case

of renal cyst, four cases of hyaline cast of the kidney, one case of mineralization, and one case of hydronephrosis.

Conclusions The effects on the liver, lung, testis, and kidney of SD rats were slight after 30 days of inhalation exposure,

while kidney damage was aggravated after 90 days of inhalation exposure.
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Table 1 Release amount of harmful substances, temperature and relative humidity of poison chamber of plastic runway surface material

il 45 5
T
itH Results
Indexes
1 2 3
MIEREMEAHALAY (TVOC) (mg/(m® - h)) o1 o1 o1
Total volatile organic compounds(TVOC) ' ’ '
2 .
R (mg/(m* - h)) 0.04 0.04 0.04
- Formaldehyde
A E Y PR S (mg/ (m? -
Release amount of A (mg/ (m ) <0.001 <0.001 <0.001
Benzene
harmful substances )
L b 7 e " .
2R MR S (mg/ (m® - h)) 0.01 0.01 0.01
Total amount of toluene, xylene and ethylbenzene
- 2
*Wkwmg((“{ b)) <0. 001 <0. 001 <0.001
Carbon disulfide
SH fE
RET 25 25 24
P Temperature
Intoxication tank QLT
X AT % m 45 W

Relative humidity
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Table 2 Results of coagulation indexes in rats

BEIMLIEHR
Hes) 4151 Conmlagion &
oagulation indexes
Gender Groups
PT(s) APTT(s) TT(s)
0 d 1E % %t 4
30 d ERXHRA 6.74+0. 50 13. 40+0. 98 46. 85+3. 40
30 days normal control group
N HR Y
90 d R XA 6.35+0. 32 13.49+0. 66 47.40+3.34
0 90 days normal control group
YLy
30 d AL 6. 4420. 61 14.21£2. 86 46.32+3.29
30 days of exposure group
YLy
90 d Zeapd 6.22+0.37 15.17£0. 93 ™ 48.97+5. 44
90 days of exposure group
0 d 1E % %t it
30 d ERXHRA 7.18+0. 32 14.86+1. 19 55.95+2.31
30 days normal control group
N IR Y
90 d R XA 7.37+0.43 16.96+2.22 58.77+2.81
" 90 days normal control group
30 d YediEs
AL 7.0620. 33 14. 6422, 12 52.82+2. 66
30 days of exposure group
YL 4]
%0 d 4 7.40+0. 34 17. 65+2.21 58.62+2.92

90 days of exposure group

T+ 5 [ 1 IE %

ez

MZ

RIS R BUAH L, * P<0.05, ™ P<0.01,

Note. Compared with normal control group at the same time, *P<0.05, ™ P<0.01.

R A RS R (x2s,n=8)

Table 3 Results of blood routine indexes in rats

L HLEAR
P 2H 51 Blood routine indexes
Gender Groups WBC RBC HGB PLT
(10°/L) (10%/L) (g/L) (10°/L)
0 d 1E% X B4
30 d EF R4 6.42+1.76 7.25+0.34 138.75+4.71 926. 62+66. 16
30 days normal control group
% R4
90 d IE¥ XTI 2.74+0. 96 7.43+0.33 134.00+4. 17 840. 38+70. 33
0 90 days normal control group
P
30 d R 6. 18+0. 67 7.31+0. 32 140.25+3. 15 973.12+77.59
30 days of exposure group
90 d Ye74
AL 3.53+0. 84 7.52+0.31 135.38+3.70 920. 88+125. 46
90 days of exposure group
30 d 1E & X AR
R 5.68x1.06 6.42+0.78 125.75+12. 00 944.12+103. 17
30 days normal control group
90 d IE# X} 2
IEH XTI 5.47+1.94 8.63+0. 44 145.63+5.32 1009. 63+164. 44
N 90 days normal control group
30 d YL
R4 5.51£1.50 6.67+0.78 128.62+13.98 987.75+75.29
30 days of exposure group
90 d Ye74
AL 6.59+2.24 8. 86+0. 32 147.75+5. 50 1063. 25+160. 09

90 days of exposure group
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5[] A I 5 6 IR L #, 30 d YR 2 M R v
Ca .P F#%( P<0.05,P<0.01), HEfIM7E Cr .BUN
JHE (P<0.05,P<0.01), LDH F&{k ( P<0.01) ,{H
LDH 7KF-FEARTCAE P24 7 ;90 d Y73 41 Mk Rl 375
BUN P J}5 (P<0.01) }2 Na Cl F&fik (P<0.01) , 4

FUIMLE BUN TP Jh i (P<0.05) . HAREHE N4
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2.6 KIEEE
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Table 4 Results of Serum biochemical indexes in rats

AALtEbR
PER 205 Serumbiochemical indexes
Gender Groups AST ALT ALB ALP TP TBIL LDH TC
(UrL) (UrL) (g/L) (U/L) (g/L) (pmol/L) (U/L) (mmol/L)
30 d 1IEH XY
IEREXTIRAL 102.50+12.29 45.50+12.18 31.18+1.40 191.38+38.81 50.81+2.58  1.08+0.27 783.71+197.40 1.75+0.17
30 days normal control group
90 d IE# R4
IERXTIRAL 76.38+8.40 35.00+4.21  41.94+3.28  49.00+£11.01 65.08+3.39  1.51+0.58 593.13+166.80 2.58+0.42
90 days normal control group
? S
30 d Yeitps
112.00+12.57 47.13+7.74  31.74+£1.29 187.88+22.63 51.64+2.33  1.10+0.20 872.86+127.84 1.64+0.22
30 days of exposure group
90 d YLz
A 73.38+26.26 38.50+11.59 43.63+3.23 41.38+£5.78 67.44+4.00  1.81+0.27 408.63+263.25 2.33+0.47
90 days of exposure group
30 d IEH Y
d EHRRA 124.38+25.59 40.13+9.42  33.65+1.74 85.25+12.28 54.28+2.70  0.95+0.37 1326.71+357.21 2.15+0.36
30 days normal control group
90 d IEH X EZ
d IERXSRAL 75.63+13.10 36.75+7.32  29.74+2.14 92.75+15.58 53.85+2.33  1.14+0.27 581.63+168.82 1.59+0.44
" 90 days normal control group
30 d JeREL
. 113.13+15.23 36.88+7.10 34.04+1.52 101.63+18.01 53.59+2.67  1.18+0.21 887.00+192.77 2. 03+0.42
30 days of exposure group
90 d YEpZ
Al 87.63£15.00 39.13+6.08 31.48+1.39 83.13x19.46 56.65+2.42" 1.23x0.29 676.00+230.52 1.64x0.30
90 days of exposure group
T 55 R IE 5 % AL RS RUARLE, ™ P<0.05, ™ P<0. 01,
Note. Compared with normal control group at the same time, * P<0.05, ™ P<0.01.
RS5 KRBT ALIEPREE R (245,n=8)
Table 5 Resulis of Serum biochemical indexes in rats
HALSEbR
PR 2151 Serumbiochemical indexes
Gender Groups TG Cr BUN Na K Cl Ca P
(mmol/L) (pmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L)
30 d IEF X HEY
IEX R 0.78+0.30 28.00+2.07 6.25+0.64 140.41+0.56 4.14+0.35 101.91+0.75 2.33+0.09 3.55+0.21
30 days normal control group
oyt
%0 d XA 2.23+0.14  19.13+2.85 7.31+1.33 145.99+1.07 4.53+0.42 106.50+1.47 2.50+0.06 1.79+0.23
° 90 days normal control group
30 d JeiE4l "
0.81+0.26 28.00+2.62 5.77+0.76 141.16+0.92 4.14+0.26 101.80+1.33 2.21+0.09 *3.04+0.20
30 days of exposure group
90 d 4454 .
wEd 2.42+0.34  18.63+2.97 8.69+1.05" 143.29+1. 14 4.32+0.34  102.94+0. 99 **2.57+0.08 2.21+0.25™
90 days of exposure group
30 d IEH XY
(Xt R 0.58+0.21 30.75+2.82 6.65+0.73 142.08+1.05 4.30+0.36 102.23+0.56 2.39+0.04 2.53+0.24
30 days normal control group
90 d 1EF X R4
d EHXFRA 2.40+0.41 18.50+4.75 6.87+1.53 144.61£1.26 4.90+0.52 105.31£1.96 2.29+0.07 2.33=x0.21
A 90 days normal control group
30 d 434 . .
O il 0.7420.14  36.25+3.20™ 7.72+1.00" 142.79£1.19 4.13x0.15 102.79+1.45 2.33+0.08 2.46x0.34
30 days of exposure group
YuFE4|
%0 d SRl 2.18+0.35 18.50+4.63 8.60+1.19" 145.21+£1.40 4.73+0.40 105.50+1.53 2.36+0.06 2.49+0.12

90 days of exposure group

1 . 5 R AE F 6 AL R R A EE, * P<0.05, ™ P<0. 01,

Note. Compared with normal control group at the same time, * P<0.05, ™ P<0.01.
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(P<0.05) , USR8 R 50 K (P<0.05)

k6 %17,
2.8 HAREZE

30 d TFEHO6 B KRR O R I R
(=3 -5 NN ) I W b SRR TR
SR, 30 d G RE AR B IC A DX 4% B I 240 A s
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L) AU A 5 22 40 1 1), LA 28 R L
A S LS

R 6 RBUMER R AATR CONE S I, x5 ,n=8)

Table 6 Results of viscera coefficient in rats (heart,liver,spleen, lungs)

P51 ZH 5 HE#S 250 (%) Viscera coefficient
Gender Groups JLE Heart JiF Liver Jlét Spleen fili Lungs
30 d 1EH X R
IEH R JA 0.3823+0. 0457 3.3799+0. 1247 0.2484+0. 0380 0.4690+0. 0424
30 days normal control group
TR R
90 d A AL 0.3225+0. 0132 3.1336+0. 2588 0. 1958+0. 0185 0.3607+0. 0206
90 days normal control group
? 30 d Berpdl
O AR 0.3710+0. 0209 2.9500+0. 2762 0.2399+0. 0241 0.4379+0. 0235
30 days of exposure group
1 YLFi4
% d Al 0.3274+0. 0228 3. 1151+0.2370 0.1929+0. 0229 0.3858+0. 0209 *
90 days of exposure group
30 d IEH X RS
d LRI 0.3512+0. 0277 2.9953+0. 1928 0.2319+0. 0197 0.3861+0. 0294
30 days normal control group
90 d IE# X} 2
IEH I 0.2881+0. 0229 2.9646+0. 2612 0. 1664+0. 0188 0.3039+0. 0359
5 90 days normal control group
30 d Y334
s 0.3707+0. 0249 2.8544+0. 1548 0.2331+0.0133 0.4015+0. 0299
30 days of exposure group
90 d Ye7j4
i 0.2923+0. 0345 2. 8187+0. 3408 0. 1613+0. 0181 0.2892+0. 0300
90 days of exposure group
L 5 FIE 50 BRAL R MR AR L, * P<0. 05, ™ P<0. 01,
Note. Compared with normal control group at the same time, * P<0.05, ™ P<0.01.
RT ORRUES REEERCF VB AR M S DR xxs n=8)
Table 7 Results of viscera coefficient in rats (kidney,adrenal glands,thymus, testis,ovary)
P51 2 51 RS 250 (%) Viscera coefficient
Gender Groups ¥ Kidney B /IR Adrenal glands Jia i Thymus E2 I Testis Ui Ovary
30 d 1EH X R
IEWX A 0.7596+0. 0644 0.0289+0. 0044 0.2485+0. 0130 / 0.0591+0. 0061
30 days normal control group
=R S
90 d IEHX A 0. 6627+0. 0308 0.0224+0. 0024 0. 1204+0. 0291 / 0. 0386+0. 0053
90 days normal control group
¢ 30 d Jeedl
e 0.7204+0. 0347 0.0288+0. 0050 0.2472+0. 0359 / 0.0539+0. 0071
30 days of exposure group
90 d Y74 .
AEd 0. 6861+0. 0660 0. 0224+0. 0024 0. 1458+0. 0341 / 0.0461+0. 0050 "
90 days of exposure group
=R 4
30 d LR R4 0.7583+0. 0650 0.0150+0. 0015 0. 1975+0. 0281 0.9985+0. 0940 /
30 days normal control group
FxF IR
90 d IR XA 0.6277+0. 0461 0.0096+0. 0010 0.0856+0.0191 0.6471+0.0713 /
5 90 days normal control group
30 d Y734
AR 0.7795+0. 0442 0.0202+0.0030 ™ 0. 1953+0. 0285 1. 0506+0. 1028 /
30 days of exposure group
90 d YLEi4
R 0.6153+0. 0728 0.0112+0.0013 " 0.0937+0.0211 0. 6588+0. 1150 /

90 days of exposure group

5 R AE X B R R A, P<0. 05, ™ P<0. 01,

Note. Compared with normal control group at the same time, *P<0.05, ™ P<0.01.
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00 d TEM XA UG Lo I U SO B MR ANIAT S oK 2 ) (Mt 2 ), A 1
FU B TS R IR L BRI, OMERE 1) IR 4 (I CHERE 3 ), HERE 191,
FAAE I R B PRI At 5 (0 CHERE 1 0 b 1 0CHERE 1 ) BB 1 ) CHEE 1 )
405) BN B RATE. 90 d BB AURBUIFICAE. B L IROCIRAE A MK 1 ) (MR 1 ) s 0L
AT F IS A 6 (1 OHERE 1 6] BERE S ) oI A AR5 2500 2 1, H ARV Bk L) i 8 57
N ACHE LRI 2 I CHERE A 1 ) s AN . RS L,
#®8 KREUNHIL LA 25 R

Table 8 Histopathological examination results of rats

P
BFIC % KT Pathological changes of kidney N i P
il i SN TN AR e
W s Pt BT B gk Cole e
Groups / ) Individual B i GEgill e UK Cellular focal convoluted

Minerali- Hydron- hypertrophy of
zation  ephrosis ~ adrenal zona

of hepatocytes bronchoalveolar
glomerular ~ Renal cyst Hyaline cast tubule atrophy

in the hepatic  epithelium

. . . f S ':
portal area telangiectasia of kidney fasciculata of testis
of kidney
30 d IEH X R4
30 days normal 0 0 0 0 0 0 0 0 0
control group
90 d 1E % X} HR4 NN
AE X B2 W 1 4
90 days normal 0 0 0 0 0 0 0 0
21 &4
control group
30 d Y734 N N . N . N
30(;%? e 2 B 1 HE 10 2 o 1 0 o 0 0 e 1
s o 22 41 Q1 62 Q1 81
exposure group
90 d YLRp4 N N . N . . . N N N ] .
gof,“%f HE 1 HE S HE 1 A1 e 2 WE o ME3MEL ME1L HRE1 1 i 2
e o 21 65 21 81 Q2 Q1 93 51 21 61 21 52

exposure group

A ER B BRI Co 0B % B D 5 LI E I DO 4 i BE AR D M s F o i 20/ 30U RS 5 G2 B /N R B 4 i A ™
WK H FRM A SV Lk ) BB RBUK K BB A LB IR SOIRAS 4 ik AT K

B 1 KA ALl
Note. A, Normal liver. B, Normal lung. C, Normal kidney. D, Normal adrenal glands. E, Mild steatosis of hepatic cells in portal area. F,
Exfoliation of bronchoalveolar epithelium. G, Glomerular telangiectasia of kidney. H, Multiple renal cysts and hyaline cast of kidney. I,
Mineralization. J, Hydronephrosis. K, Hyaline cast of kidney. L, Cellular focal hypertrophy of adrenal zona fasciculata.

Figure 1 Histopathological examination results of rats
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miR-30b 7 iy B 175 5 HO L -F- 1 LAH M 98 1= 94 A
W)X KET REE BT
(IILBER RSB B B R, A1 HE 050011)

[#HZE] HE  WEHUN RNA30b( microRNA 30b, miR-30b) 7 & #5175 5 1 1L 45 7% WLAH 2 ( vascular smooth
muscle cells, VSMCs) 8 T-HVER LG . ik RIMNESR KR IFESh Ik VSMCs, 43 M IEH A& (47 10
mmol/L B-HyMBERRER M) . SRAISLHF 92 i PCR A 4-4H VSMCs miR-30b 235 Western blot 1530 2 42 i T
S BAX AT A Bel-2 MR IAFHL, SR FH MTT 140 0 45 20 200 A 1% 38 080175 100, SR P 92X 200 32 6 00 45 2 40 it 17
BTS00, it — 8 IE miR-30b % VSMCs # T- 52, 45 5 % 4% miR-30b (9414 inhibitor-30b 135 L1 4
mimic-30b, WIEE VSMCs 3458 AT IEHL LA BAX Bel-2 FikEdl, &R (1) m#xt VSMCs AT BRI . 45
SRR R VSMCs P T4 G £ (P<0. 05) s MTT 53R R | & W 20 4 4 58 08 /) ( P<0. 05) 5 B 2 BAX
FIETHE (Bel-2 FILFEK (P<0.05) ; H W2l miR-30b YK B2 FHE(P<0.05) . (2)miR-30b XF VSMCs JH T8
Wi . %4 Y% inhibitor-30b Ji5 VSMCs I T- 401 il £ 44 £ ( P<0. 05) ; ¥ 42 inhibitor-30b J& MTT Y715 2 0 48 58 Ji /b ( P<O.
05) ;%% 4% inhibitor-30b /& , BAX ik THE Bel-2 RIKFEAK (P<0. 05) ;% 4% mimic-30b 5 VSMCs 4 T 41 g . 2 i />
(P<0.05) ;¥4 mimic-30b J5 ,BAX FIKFF(L Bel-2 FAFHE (P<0.05) , &t m#E T LIUA AT, Kl fg
ML 2 — 2 S im0 miRNA-30b 23k, i e s JA T-3E K BAX 3Rk, M PA T-3E I Bel-2 ik, F:3L VSMCs
KAERT,

[RgA]  miE T L0 ; = 8% ; 0917 ; miR-30b; BAX
[FESZES] R-33 [ xEktRIREG] A [XEHS] 1671-7856 (2022) 07-0058-08

High phosphorus promotes apoptosis of vascular smooth muscle cells by
inhibiting miR-30b

LIU Lan, ZHANG Dongxue, ZHANG Shenglei “ , BAI Yaling
(Department of Nephrology, the Forth Hospital of Hebei Medical University, Shijiazhuang 050011, China)

[ Abstract]  Objective To observe the role and mechanism of miR-30b in apoptosis of vascular smooth muscle cells
induced by high phosphorus. Methods VSMCs from the rat thoracic aorta were cultured in vitro and divided into a normal
group and high phosphorus group stimulated by 10 mmol/L. B-glycerophosphate. Expression of miR-30b in VSMCs was
quantified by Real-time PCR, and expression of pro-apoptotic protein BAX and anti-apoptotic protein Bcl-2 was determined
by Western blot. Cell proliferation was assessed by MTT assays, and apoptosis was detected by flow cytometry. To verify the
effect of miR-30b on VSMCs apoptosis, inhibitor-30b and mimic-30b were applied to observe changes in proliferation and
apoptosis of VSMCs and expression of BAX and Bcl-2. Results (1) The effect of high phosphorus on apoptosis of VSMCs

[E&TTH 1At B 2F Rl A5 5 5 U5 (20180513,20190702)
[EREBN X2 (1986—) , Lo, WiH-WF 5846  F5E 7 1) G R R VB IERG 45454k . E-mail: liulan807@ 163. com
BV IIRIE T (1984—) 11, FVABEIN  BFE 77 160 IR AL B ERG A 451k, E-mail :16i06352511@ 126. com
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Flow cytometry showed that apoptosis cells of VSMCs in high phosphorus group increased significantly (P<0.05). The results
of MTT showed that the proliferation of cells in high phosphorus group decreased (P <0.05). The expression of BAX
increased and Bel-2 decreased in high phosphorus group (P<0.05). The expression of miR-30b in high phosphorus group
decreased significantly (P<0.05). (2) Effect of miR-30b on apoptosis of VSMCs: After transfection of inhibitor-30b, the
number of apoptotic cells in VSMCs increased significantly (P<0.05). After transfection of inhibitor-30b, MTT assay showed
that cell proliferation decreased (P<0.05). The expression of BAX increased and the expression of Bcl-2 decreased after
transfection of inhibitor-30b (P<0.05). After mimic-30b transfection, the apoptotic cells of VSMCs decreased significantly
(P<0.05). After transfection of mimic-30b, the expression of BAX decreased and the expression of Bel-2 increased (P<O0.
05). Conclusions  High phosphorus induces apoptosis. A possible mechanism is that high phosphorus inhibits miR-30b

expression and then promotes expression of apoptosis gene BAX and decreases expression of anti-apoptosis gene Bel-2, which

leads to VSMCs apoptosis.
[ Keywords)

LS5 AL BE RS 15 0o JIE S | Bl Dk o A Rl 1 T e
T A g XU S 384 s I 0 4 3
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(vascular smooth muscle cells, VSMCs) #f T- 42 I 55
TR E AL 2 — Beah, P& B, miRNAs
TR AR e Al 20 i 5 7% B 20 i A 1 ot i A
Hl. miR-30b J& miR-30 ZEWEA— 511 18 AR 221
Hh iz gk, HE A HGE W, miR-30b AEASHE [
5N T B0 RHREMRE A 1) J5 40 R A9 546 . {H miR-30b
eI - 3 L 40 e 08 T vb iV R AIL ) i AS BH 8
KL, ABIFFE X R B VSMCs #EA TR ANE 37, 76 o
PR HRTS miR-30b 225 915 K BUMLAE-F- 4 JUL 4
PR AT BERLAR]

1 #RFFxE

1.1 s

B SPF gl fdt e SD K 6 H,4 Ji% R
2780 ~ 100 g, VAT At = B} K 2% S 55 B ) v e £ 2
[ SCXK(%L)2020-002 ], & #&UEZ% 5 : 1305090,
SEG B ) 37 T AL B R K24 5 D BR e S 5 B
FUC [ SYXK(3)2018-001 ], BRI IR B 18°C ~24°C
TR 40% ~60% ,12 h/12 h B1/E5 08 PR IR 8 | 4 k)
TROK Y28 3ok 5 e K AL B, AS AR5 E 38 o yar b 2
B2 V0 B Be 10 B 25 B 23 1 4% (2021KY044) |, Jir
A B LRI AE 3R R 38 3 N A5 LR 5
L YNEERE SN
1.2 FERKFSNE

DMEM 3% 3% ¥ (41t 5 : 31600-034 ) ( 3% [H Gibeo
w4 T (S A0500-3210) (3B
Cegrogen /A A ) ; B- H VI B2 (#L*5 . SLCD0875) (3%
[ Sigma 2\ H] ) ; RNA S S5 & e SE i 9Ot e
B PCRIAF & (#5:R11068. 5) (BilHA YA F]) ;

vascular smooth muscle cells; high phosphorus; apoptosis; miR-30b; BAX

miR-30b 4 #4 (#E5 . R11035. 4) (B AW A
Al); GAPDH #T {& (it 5. AP0063 ) ( % H
Proteintech , 23 ] ) ; BAX $iL& (#t45:50599-2-1g) ( 3£
Proteintech 23 #)) ; Bel-2 Hik (L5 . AF6139) (£
Affinity 24 #)) 5 I Pt (L5 2 5220-0336)
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SER G E  PCR AY (L5 QuantStudio DX)
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Proteinsimple 23 F] )

1.3 EWH*E
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XoF S5 R BRI AT FR R, AR R 7 I s 1 4 200
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M 10 min J& , SRR LAY O, R R o B ik
AW BOR B 2 3 ik, 43 25 v B2 B9 A 1 mmx
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OJF L HE 1 2 TR IR, R 3~4 10K
AL 53 SR P 2H . TR A A = W 2H (4577 10 mmol/L B-
Hm#ERREL) , T 7 d 5K miR-30b ,BAX | Bcl-2
LIRS AL, A i — 2P B HIE miR-30b X} VSMCs
HIFE L, 457 7% 44 miR-30b A4 inhibitor-30b,
Beanf sy k3 4. (1) IE R 41 A R 5L s (2)
inhibitor-NC £H: # 4% 20 wmol/L #1 i ¥y i X} HR
inhibitor-NC 5 wL; ( 3) inhibitor-30b 2H. %% 4% 20
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wmol/L 5|4 inhibitor-30b 2.5 pL, ¥4 72 h 5
K TAG B, Ak — 20 Bk = 8% 2145 ' miR-30b
HIVEFT, 25 F %% % miR-30b (92514 mimic-30b, ¥
HffsrR 3 2 (1) 4 10 mmol/L B-H M BEIR
SRS AN AR Y, (2) B B + mimie-NC 4. 10
mmol/L B-ﬁ(ﬂﬂ@i@zﬁiﬁ?‘% ,i?éf,% 20 pmol/L AW
B %F HE mimic-NC 5 plL; (3) & % +mimic-30b 41 ; 10
mmol/L B-H IMBEHR EL 15 FE , #5494 20 wmol/L Z5IW)
mimic-30b 5 plL, ¥4 72 h JE KR T 5
1.3.2  4ff SM22a 2 A YL (2,

40 B 49% 09 o PEAR R SR 22 30 min,
PBS %% 3 ¥X,0. 3% Triton-100, /£ ff] 20 min, PBS 7% 3
W ,H,0, E] 15 min, PBS ¥k 3 ¥, A 5% 111 £ 3%
HHIFE 37°CHFE 30 min, T A SM22a —$i 4°C 1
L, H ,PBS ¥ 3 WK, A 4t A ¥, /EH 30 min,
PBS ¥ 3 U, LA 3L B ¥, /£ H 30 min, PBS ¥ 3
UM DAB BAARAEH 30 s, HRKPE 3 K, K
FHRY WAKE R
1.3.3  MTT 34l 4 1 5 g

FERR T 96 FLAR H A I 45 S W UL 40 AR A s
60% ~70% 25 T 34, FE 25 3 MR fL, B MTT(5
mg/mL) KM FLATA 20 L, B FRFE R 4 h, 3¢
ERGFRW I RS A AL A 150 pL, T
AR 10 min, BEARIL 490 nm P K AR I 52 TR
FECA)A, IEREE R,

1.3.4 Y X2 B o A D0 400 B A R

25T RS MK 20 e AR AR 3R 106 BH B R AT
Annexin V-PE/7-AAD XUE 4 €0 | 3t =X 20 i {SCRG: 0
£ B4R Annexin V N BHPE 7-AAD S BHYE, S 5 45
JAT-40M ;45 F 4 BR Annexin V R FHYE 7-AAD Jy [
PE, R T A, S EE 3R,

1.3.5  SEHFPE%E & PCR K4 2H miR-30b 2434
A3 BIERELAS ZH Y miR-30b, SZHGHEE 3 K,
Bl AR PR AL miR-30b F1 U6 Y514, U6 HINS:,
FUN £ A0 - T8 95°C 10 min; 28 95°C 10 s 3B
K 60°C 20 s,40 PMEA, EHE 3K,
1.3.6 Western blot £l Bel-2 BAX 25 A9 24
PEUA 4] VSMCs 193 (A T, Bl il SDS-2R TN Jii
PR BE RS (10% ) , A 20 g BB, #EATHIYK 1.5
h(95 VAEIE) o JE%6ME 1 h(1EHE 95 V) WA 3 1K,
A (5%) HH 1 h, MA—PFEBR(BAX 1 :
2000,Bcl-2 1 : 1000, GAPDH 1 : 5000) ,4°C W & i
B H I ZHUA B (1 2 5000) ,37CHER 1 h,
R ARG ARG IR, L EE 3 K,
1.4 SitZEAHZE
N SPSS 22. 0 G2k it AT G it 4 Ab B,
ES A BT BRSSP 8 e il 22 (2 £s)
FR, I HL R ¢ K56, Z2 4L 1A] LR LA
Z) AT, P<0. 05 RSB GitFE L,

2 #R

2.1 BEHEix VSMCs 1A T S0
2.1.1 VSMCs Hy AR 77 S AN M 48 5

VSMCs JEACRE IR 3 K, B 14 P L4 e
AL E I H K25 7 K, 44U A9 41
MRS TE—E AT HES SOk, 3 B S —
', RE-ATRAER, AR ERIE AN
T, RRTE Jy 3, dil Az M BR IR . 40 SM22a 4
PELL AL o] LA SR P 52 A 8, LS 9 1 AL Bl
TR R B 0, 5 22 DR U 40 B A Al S 47405 4
JLAZ A W 5, SM2200 Y& €8, Sy BH M | 3% B 40 Jif o ot 45
SErE LA, UL 1,

TE A JEREEFRES 3 KAV LIPS EH ) 8- U LA s B o SRR R EE 7 R AL ZUHe S T€ Y A4 P JULA MM 5 C . il A5 -F i LA SM 22

GepE A, AR E G T,

B 1 VSMCs BJRARH: 57 KA 4 e

Note. A, Tissue block and crawled vascular smooth muscle cells on the 3rd day of primary culture. B, Tissue block and crawled vascular smooth muscle

cells on the 7th day of primary culture. C, Immunohistochemical staining of SM22a, a vascular smooth muscle cell, was brown and positive.

Figure 1 Primary culture and cell identification of VSMCs
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2. 1.2 EBERREL VSMCs JH T 52

T M S R R, SR AL e, R AL
AT BB L (1=-12.841,P<0.001) , 441t
955 (P<0.05) , WA 2,
2. 1.3 EHER AR VSMCs 85 52 1

MTT 253 SR . 5155 41 He R, e i 41 40 g 3%
FEAE ST 12,24 36,48 h ¥ 3 FEAK (P<0.05)
L 5 OE A 0,12 .24 36 .48 h AR R (1=
0.105,P=0.921,¢=13.03,P<0.001,:=16. 892, P<
0.001,:=12.659,P<0.001,¢=18.049, P<0.001) ,
HYit 5% (P<0.05) , WWA 3,

2.1.4 R BAX Bel-2 ik
Western blot 2538 7, W B 4] VSMCs 42 1=
LR BAX i (1=-4.727,P=0.009) #I#H T H A
Bel-2 B8 ik Bl 2 R (1 =-14.872,P<0.001) , &
it 2253 (P<0.05) , WK 4,
2.2 BN AR VSMCs miR-30b & i%k B8
AP AE it PCR 453 WoR, 5 1E % 4t
B4l VSMCs miR-30b A9 2 35 BT 8 TR (1.00 +
0. 00 vs 0.387+0.05,:=19.497,P<0.05) , A4 it
25 (P<0.05) , 4275 = W BE A5 7 ] miR-30b 1)K
ik, WL S,

VE A IE R R PR IR NG R B L AR W AL BRI T P I 5 IR LLATLE, ™ P<0. 001,
B2 PR TS B (n=3)

Note. A, Flow results of normal group and high phosphorus group. B, Percentage of apoptotic cells in normal group and high phosphorus group.

Compared with normal group, *™ P<0. 001.

Figure 2 Apoptosis of vascular smooth muscle cells in two groups

T A ZLAMIRY MTT 4558 B 4% 2 400 IR ] B 5 BB T B, SIS LA LE, ™™ P<0. 001,
B3 Pl i LA AR O (n=3)

Note. A, MTT results of cells in each group. B, Microscopic photos of cells in each group at different time periods. Compared with normal group, ** P<0. 001.

Figure 3 Proliferation of vascular smooth muscle cells in two groups
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2.3 miR-30b Xf VSMCs 158 T &I 2200
2.3.1 miR-30b {KFIEXT VSMCs T 1% 500

T EE R R, 51EH 41l %, inhibitor-30b 41
VSMCs JH T4 £ (P<0.001) , 5 inhibitor-NC #1 kb
%%, inhibitor-30b 20 VSMCs T4 £ ( P<0.001) A
Giit2 5 (P<0.05) , #278 miR-30b KRR BEAE

WS IEFAMIL, ™ P<0.01, ™ P<0.001,

it VSMCs 1, WK 6,
2.3.2 miR-30b fIXFEXS VSMCs 45 15 1

MTT 255 7R . 5 1E % 4 A1 inhibitor-NC 41 [t
¢, inhibitor-30b ZH 4 iR 5 HE /1 T 12,24 .36 .48 h
P FRER(P<0.05) . IEH 41 inhibitor-NC 21 Fb
B, RG2S (P>0.05) . WK,

B4 PIdLfi -0 LA MAR SSE H AT 0L (n=3)

Note. Compared with normal group, ** P<0.01,

% pe(). 001.

Figure 4 Expression of vascular smooth muscle cells related proteins in two groups

. 5IEW4IHE, ™ P<0.001,

B 5 WA ME AR miR-30b AYZRIA (n=3)

Note. Compared with normal group, ™ P<0. 001.

Figure 5 Expression of miR-30b in vascular smooth muscle cells of the two groups

L HIEWAML, ™ P<0.001;5 inhibitor-NC ZHAH ., **P<0. 001,
B6 £Amig-FiilamaETEN(n=3)

Note. Compared with normal group, “* P<0. 001. Compared with inhibitor-NC group, **P<0. 001.

Figure 6 Apoptosis of vascular smooth muscle cells in each groups
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2.3.3 miR-30b KA XT BAX  Bel-2 Fik (5200
Western blot E[ 3k 2% 5 45 B i 7R |, inhibitor-30b
2 VSMCs fEAT-% K BAX Ei(P<0.01) ST
A Bel-2 MFRIAH L R (P<0.01) , A giitae 2
F(P<0.05), WK 8,
2.3.4 miR-30b &FIEXT VSMCs T 1% 500
AEE R R, 5B L, = B -mimic-30b
ZH VSMCs JH T30 (P<0.01) , 5% #-mimic-NC £
F 8, 1 B-mimic-30b 41 VSMCs ## 7=k 2> (P <
0.01) , B4 i 25%(P<0.05) ,#/8 miR-30b 53
SKAEfBAMH VSMCs JE T, WLE 9,
2.3.5 miR-30b A% BAX Bel-2 Fik 50
Western blot E[1 35 2% 5 g 75 | 55 v Wl 2H A0 1= 1 -
mimic-NC 4 He3 , =5 -mimic-30b 41 VSMCs {2 1=

FLR BAX T S T-HRE A Bel-2 193K 8 Fi#
HGi#ER(P<0.05) , WK 10,

ESIERYAMIEL, © P<0.05;5 inhibitor-NC 414158, *P<0.05,
B 7 £ 4 0 AT LA AR A 3 1

Note. Compared with normal group, *P < 0.05. Compared with

inhibitor-NC group, *P<0. 05.

Figure 7 Proliferation of vascular smooth muscle cells in each groups

T :a: IE% 41 ;b inhibitor-NC £ ; ¢ : inhibitor-30b 41, SIEM4IAHH, ™ P<0. 01;45 inhibitor-NC 41 H42, *#P<0. 01,
8 AL IME 1 HLAN AN G R R T O (n=3)

Note. a, Normal group. b, Inhibitor-NC group. ¢, Inhibitor-30b group. Compared with normal group, ** P<0.01. Compared with inhibitor-NC group, *P<0.01.

Figure 8 Expression of vascular smooth muscle cell related proteins in each groups

. SEBIM L, * P<0. 01; 58 B -mimic-NC 4140 H:, *#P<0. 01,

9 miR-30b =R LA - LA ML T R (n=3)
Note. Compared with High phosphorus group group, ™ P<0.01. Compared with High phosphorus-mimic-NC group, ™ P<0.0l.

Figure 9 Effect of miR-30b overexpression on apoptosis of vascular smooth muscle cells
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Ha: R b F#E-mimic-NC 4 ;¢ : B #E-mimic-30b 41, S5EBAM L, * P<0.05; 55 B -mimic-NC M 1L, *P<0.05,
10 miR-30b FRAX AR E A RIBA LI (n=3)
Note. a, High phosphorus group. b, High phosphorus-mimic-NC group group. ¢, High phosphorus-mimic-30b group. Compared with High phosphorus

group, * P<0.05. Compared with High phosphorus-mimic-NC group group, * P<0. 05.

Figure 10 Effect of miR-30b overexpression on expression of related proteins

3 itig

U0 I A6 9 99 B0 T 3R 38 vy 10 0 ST e 8y PR 382 I
BEEAETT T A R TR R A A Ak Y EE L
Hilz—" L S SR T A HLE A 2R I
iE S B T RS AL ) B SR N R 2 — i
VSMCs J2 L4 H I A 3 B2 AT 1 43, R L AR A 5
SRR B VSMCs , %5 7 5 Bl 038, #8 9% 1l 45 - 1 L
S 6 T R I S AL Y R AR ML A B SR 4 R
71N, re B T B T LA B % AR R T, L
AT RE T 8 miR-30b 235, fE#E I T- 8 [ BAX
FIk  IRIPTIE T8 A Bel-2 B9 IE, YR 51k i 4
I LA & T T,

AHIRGE 255 T o W 0 3, O A4 it 3 g R T
o MTT 45 545 73 v i ) 8 7o i 7S T UL 200 i 34
Bl 2 U 55, T A ) 5 R B R o R i T
WA A T T, AR, ST iE R m
WA R AT SR A R W
WA T R A PR T B IS - 1 LA AL miR-30b ik
T RRAR MR T B 1 BAX Kk B E TR,
T-#E 1 Bel-2 iAW E ML, FW miR-30b 25T
S S VSMCs TR T3 2

miRNAs &—2/NY N TR PR i 15 RNA, K 24
18 ~24 LT R, HA VR4 D) fig , 38 58 0 5 28 i 3
B A TS R s R A A A
15 % B miRNA30 Z %2 5 P8 2 1 45 45 46120
B KNGS B ST & B miR-30b A5 -540 il 74
1 G1 B AT A N FE SRR
58K I miR-30b Sz 3 2 JFkA ] 5 240 Al 1Y 22 D) e 7

Lol Xu R i AT 4E 20 WT-38 4 i 5256
o, R I miR-30b S5 AW AR 4E 241 il W1-38 4 A 1Y)
BAX FihFHa, T3, A AFFEIESE BAX B
IR B LR A, 51 Lokl R A B 1k, § 30
RREIR B ST . BAX Hl Bel-2 J&—XF 1E 7
PAT R B, BAX 242 #E 98 T-VE A, Bel-2 A4
TR, ABFSE HIRSE miR-30b 55 VSMCs JH T
2R 2 TR miR-30b B HIY), 45 50 Bos | #
¢ miR-30b AP HIY 5, i A D 45 2R Je MTT 2
7, VSMCs JAT- 403 £ 390 2 PR AR (R PR T 2R
FH BAX i P T-8 H Bel-2 WA R, %
B miR-30b I HIHREWS I8 BAX, T Bel-2, fig i
T VSMCs ZAHT:,

g5 b AR AR AP 52 55 v & BE AT AR A i
W LA AR % A R T, o] BE AL a8 e 4 ) miR-
30b ik, e BAX ik, 6] Bel-2 ik, #E1MF
H; VSMCs KATET,
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miR-219a-5p 7£ 5 % H 09 B 3E AL 45 S AR 2
7 8,7 W EAR,ZaE W7
(AT — AR EFGRE LR, A8 610000)

[{#ZE] BM# R miR-219a-5p £ B 5 K& I 55 H LU 1 33K 81 5 3l X 30k KF #60 H0x
B AR Y FIRER W, ik FIHSEET 226 E it PCR (Real-time quantitative polymerase chain reaction,
RT-qPCR) FIH 34L 4 54 PCR (methylation specific PCR, MSP) 77 B Al & 9 M HE 55 40407 miR-219a-5p 1936
TR AR KT 38 3 40 A3 7 S 56 R I 2 AT A AR DU 3 9638 miR-219a-Sp S5 % B 9 4 M3 5 A0 T4 B2 5 R 41
YA RS R 58 52 3R I e g AN EE R IR 2808 1 . R miR-219a-5p MR IZK A B R EE WA sh 23
Wik N I, miR-219a-5p 765 22U YA 355 (0. 769+0. 95) B AR T 55 41 213K (2. 114+5.10) , 2 7 B A
Giit 7% X (P<0.05) ; H miR-219a-5p 2535 F 209 DNA B L4k /K7 e 223k E 840 B 58 7H s 5 1 635 miR-219a-
5p 1Y AN ZR MGC-803 4 AU 5H RE 71 AN F2 122218 1 B 32 BN ( P<0. 05) , 3 ek dl P 1~ L i B S 388 v (P
<0.05) , JAT-AHEHE A caspase-3 2K K -] B FHE (P<0.05) o 4518 miR-219a-5p 7E & i 424 vh 32 1 Bqp P8 42
e AN | HL LA I 4 A A AT RS A BE 7, (2 R 20 B R T S AL R B R A T, A SRRk B R BT
B

[K47) B8 ;miR-219a-5p; F HLAL 0 T 52 7% 1R 5%
[FEHZES] R-33 [ XEk#RIRAE] A [XEHS) 1671-7856 (2022) 07-0066-08

Methylated regulation and biological function of miR-219a-5p in gastric cancer

LUO Min" , ZHANG Fan, WANG Limin, LI Hongxia, QING Keqin
( Department of Laboratory Medicine, Chengdu First People’s Hospital, Chengdu 610000, China)

[ Abstract]  Objective To assess miR-219a-5p expression and its promoter methylation level in gastric cancer and
adjacent tissues, and to explore its effect on the biological functions of gastric cancer cell lines. Methods The expression
and methylation level of miR-219a-5p in gastric cancer and adjacent tissues were detected by qPCR and MSP. Proliferation
and apoptosis of gastric cancer cells were detected by Cell Counting Kit-8 assays and flow cytometry after overexpression of
miR-219a-5p. Results MiR-219a-5p expression was generally downregulated in gastric cancer tissues. The relative
expression of miR-219a-5p in cancer tissues (0. 769 + 0. 95) was significantly lower than that in adjacent tissues (2. 114 +
5.10) (P<0.05). The DNA methylation level in the miR-219a-5p-downregulated group was significantly higher than that
in the miR-219a-5p-upregulated group. Proliferation and invasion of MGC-803 cells overexpressing miR-219a-5p were
inhibited significantly ( P<0.05), apoptosis in the overexpression group was increased significantly (P<0.05), and

expression of apoptosis-related protein caspase-3 was significantly higher (P<0.05). Conclusions MiR-219a-5p is

[E£THE 12020 4041145 T R ZE 5 S RHIFHERET(20P)188)
[MEEREN ] B H(1985—) %, it B AT, BFR 07 : B RNA 5 B8R CEERIANNG RAFSE . E-mail ; 326500084@ qq. com
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generally underexpressed by methylation in gastric cancer tissue, and inhibits cell proliferation and migration, promotes

apoptosis, and play a role similar to tumor suppressor genes. It is expected to become a new target for diagnosis and

treatment of gastric cancer.

[ Keywords)

B IR T B L R 4l 2 g,
TR N E AR R [ B g A IF S8 LA 2020 4
R Ep B R I O v B 0 R B
47.8 JT (54K 43.9%) FET- NBA N 37.3 T (i
FR48.6%) |, BRGHERRBET RGN FNEH =4,

BN EET- R EERER TN E K
GRS DNA H AL AE 0 10 A AR ik # v B
R Y , T A 8 A 96 19 microRNA #5848 7~ H
VFZAE MR b ke T 245 LA K% 100 i 45 T e o 22
YER®) . miR-219a-5p C 8k 1 38 75 22 Fl 28 B A Jidogs
2 0 v A R R 45 AR - miR-219a-5p 41 i FL AR
55 20 L 1) 3 B FAR 28 5 miR-219a-5p LM T
M R ) A KR RS TR T R A R AN
b2 WU s miR-219a-5p 0 [ R A 1 52 95 40
Hu s sE LR AR 22 s miR-219a-5p 14 54t [0 4 3 3k
JEl7 {H miR-219a-5p N H: T B4k 4 70 B e 1 &
A SR B HIL i AN TERE . ASAIFSE & K miR-219a-
Sp 7E B i B 20 32 B AL )R 3 B A K
SF-BH 58T R G A RSS2 B UF AT 5K miR-
219a-5p Ji fig W 1 410 <) 200 M 34 5 R B 4= 28 1Y e
I3 HER T R A R R o R v R A 9 3 R ) A
H o0 B8 iSRS AT i L

1 #RFFxE

1.1 ek
1.1.1 4

N B AR MGC-803 ( H ] 5 2 ) 25 b S i
WHFEET A G
1.1.2 44

T 9 2 2R A W 9 55 41 2R 3 110 B (H0k
A 5T iR EE B 2013 ~ 2016 4E TR YR 5 AR 4
ZUbRA) . O AR T 3 — N R B BE (L #p i o
PUBESS 5 BEBe ) 13 £ (2020 4F KT 25 006 %) .
1.2 FERFNENZE

1640 157 5 FiG 4 ML (Hyclone 23 ] ) 5 %¢ 6
i PCR A& (b eaXeEWHERGRL
F]) ; Lipofectamine 2000 4 1% 44155 ( Invitrogen 23
) ;miR-219a-5p-mimic ( [ 7535 B AE YRR A BR A
) 5 WA R A £h 4 1L iR 7] & EpiTect® Bisulfite kit

gastric cancer; miR-219a-5p; methylation; apoptosis; migration; invasion

(Qiagen A H], 575 586941) ; et N\ P-caspase-3 Pt
& (Cell Signaling /A 7, 775 8664L) ; CCK-8 ( Cell
Counting Kit-8) ( H A< #% 3 &t [6] 17 fk 24 AF 5 iy
Dojindo, 55 CK04) ; B T2 F & PE Annexin V
Apoptosis Detection Kit I ( BD Biosciences /A Al , 575
579563 ), Transwell /)N & ( Minipore 72\ #), %% 5
PIMP12R48 ) ; % ) & & PCR ¥ ( 38 [# Bio-Rad
105) ; TN AL (3 Coulter Flow ¢6) .
1.3 LA E
1.3.1 SERZEOEE # RT-PCR

SCHR TR 51 YR T AR 3E Primer Premier 5
BoME % 3F., miR-219a-5p ¥ % S 5| ¥, 5 -
GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTG
GATACGACAGAATT-3" ; U6 Wi &% 5t 3l ¥, 57 -
AAAATATGGAACGCTTCACGAATTTG-3 ’;  miR-
219a-5p & @ PCR [ {iF 51 #): 57 -CAGCTGATTG
TCCAAACGC-3’ ;miR-219a-5p EH: PCR N5
5’ -GTGCAGGGTCCGAGGT-3’ ;U6 ‘E i PCR %5
.5 -CTCGCTTCGGCAGCACATATACT-3 " ; U6 &
w PCR T Ui 51 ¥: 5 -ACGCTTCACGAATTT
GCGTGTC-3" , E & PCR W 454 :95°C 5 min,
95°C 30 s,60°C 30 s,72°C 30 s,40 MG, 72°C 10
min, ¥ EFL 3 D, 105 586 & PCR 4T
PCR #:, FIH 1Q5 A7 43 Hr 84k 5 th AR X3R5k
HIHATEI 22T
1.3.2 W RALHRE PCR Fe F 354 B it 410 1) 77
5 aza-2” -EMETF (57 AZa-CDR) AbFE4T i

PEEUMP IR 4 20 S g 55 420 DNA 38 52 47 R
AN S AL B S R4 T L LR 5 PCR, CPG
55 TR0 B P AR S Wit R ITE LB Methprimer
(http ;//www. urogene. org/methprimer/index1. html)
J Primer Premier 5 B4 W &4k FESI 9.5 -
TTGATTGTTTAAACGTAATTTTCGA-3’ ; B 34k F iif
519.5" -CTAAAAACACACCTAAATCCCGAT-3" ; JE
AL EWE5I 4.5 -TTGATTGTTTAAATGTAATT
TTTGA-3" ; 4 H 4L T Ui 51 9. 5 -CCTAAAAAC
ACACCTAAATCCCA-3" , H AL R % PCR R H
Touchdown PCR Y75 , SOV ARAFAIT :95°C 5 min,
95°C 30 s,58°C 30 s,72%C 40 s, B MERFE 0. 6°C ,
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10 MEM G ,529C 30 s,72°C 40 s,35 MEH, 72°C
10 min, JH5.15.30 wmol/L AYA[A)¥E FEBRFE Y 57
AZa-CDR FIZH & 11 2 & Tk Ak Bl 410 1) 550 oty 00 o 3R
A (TSA) AbFE 40 i MGC-803 J& , 4 M Ab FE AT J
miR-219a-p )R IEBIIEDL
1.3.3  4ffle gL n o 4 ik 3

MGC-803 4 il ik 35 5 T &% 10% Jif 4 1l % 1)
1640 5E4 85373 37°C 5% CO,, K MGC-803 41 fifg
FEFP T 6 LR, FRAN MRS BE 3L B 70% ~ 80% I (MY
BE24 h ) IR BUIARRE YL Jr vk . B4l 100 wL A JE I
WG 20 WL mimic, 53 4h 100 WL BTG 10
B R FR 5 BE Lipofectamine 2000 % 445 3 plL,
HFE S min J5IRA FHHHE 20 min B RIRR AW
TS ALY 6 FLAR T ZARF R 1 mL JCIiL G oL
P 1640 35FEHE 6 h J57 B4 H i 50 45 R 5L 2 mL,
ML S ARSE R SR 48 h K A I B L RNA IR
Jii, fEE DY control-mimic Al miR-219a-5p-mimic 59}
B e 20 i MGC-803 v 44 4 control-mimic ( X R 2H )
Fl miR-219a-5p-mimic ( miR-219a-5p - F354) .
BB FE YL AT 24 M un-treated ( ARALFRL )
1.3.4  HABRA SA0MLE RNA 425

i TRIzol 13 W] 45 #8 AF £ B 2H 21 5 2% 48 Jfd &
RNA, &\ RNA S i 30 B W5 356 e L K 125 A il H: 5
bk
1.3.5 il 4 a5 5

BUE YL S 24 h i) MGC-803 40, &84l T 96
FUb b AR S 4 4515 4 N2 AL, AEFLAH 5000 4~
YA, 5391 0,24 ,36,48 .72 h 5 ASHF ] &4, A
450 nm 5 630 nm X K T W65 EE ( optical
density, OD) , il /B[] 38 58 M e, P A #4194
CCK-8 7 & 16 I 384
1.3.6  Fa 2T

BUE Y5 48 h 1Y B4R MGC-803 HITI¥
A% PBS ¥4 2 YK, H Bind buffer T, %4 PE Annexin
V 1 7-Amino-actinomycin (7-AAD) SY4J5 1 h ik
pika e il ke il
1.3.7 Western blot #i{ll p-caspase-3 £ [ HYFRIA

PEICANAEL (29 1x10° A) BT H I8 20 pg &
HHT 10% SDS-2R PN s Bk e 358 ¢ (sodium: dodecyl

sulfate polyacrylamide gel electrophoresis, SDS-

PAGE) HHLIK I 645 B HR LT 4 K 1 L, 5% I AG 15
FIREA 2 b B RRE A TS A AN — BB R
WA (1 2 1000) ,4°C i, K H F TBST ( tris

buffered saline with 0. 05% Tween-20) 2% % 1 5 3
AR 10 min, S8R5 LAKBLB9 —HE (1 2 1000) ,
FIRIEE 1 h, TBST YRR 3 WG B5% . NS H -
3 i S 2 41 2 A (recombinant glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) — $T (1 :
2000) , —HT(1 : 5000) , F¥EsRA S LG B A, X
P Al RTA- N
1.3.8 ITBMRELR

FERPANMIRT 1 d 7E Transwell /NE | il 48 5L 5
JBe BRI TV B TE MG 1640 #% 1 = 7 (9 He il A
S 32 WL Bl A T (AN R A R S DO S Ut
) s OS85 LT P 5 73 o 25 5 A B (B2 T
2.5x10° 1~)400 wL A L% 76~ 2= B 24 LR
PIIIA 600 pL 7 20% FBS [ 1640 K72, #5 24
fLHRE T 37°C 5% CO, M FRAEN ik 24 h )5
FHIRAR 25 22 IS T ThD A 2 o JBE %) 4 i, TC 7K & e
JE 20 min 45 i E gL A, e A58 B R /NE H AR
TLHFARI R ERA NS BRI, 8T8
YR b AE WA T T
1.4 FitEHE

N SPSS 20. 0 AR #EATBE SE i, 52 50 K i
DI SAR e hR i 22 (s ) Rom |, & A 988068 3 J7 22 5%
PERTI 5, P4 E] Y LL AR F ¢ K3, P<0. 05 Ry 25
SEAGIFEN,

2 #R
2.1 miR-219a-5p EBERALRREEFHATH

ERFRIL

ST 9O E i PCR A0 T 110 4 F
FERE AL (C) SIS LI (N) bR RN
B BHEH Logl. 5 (C/N) R, A 72 #i] B # miR-
219a-5p MR IKK AR A LU R T 55 4 4,
4h 38 Bl E R A LI (ULIE 1A) . miR-219a-5p 7E
TR 2R 1 (0. 769+0. 95) i 55 4 4 3k
fHR(2.114£5.10), ZR BEAFRITFE X (P =
0.0063) (WK 1B)
2.2 miR-219a-5p EABBALAPHRIESIRKR
B A BMEX

AFFE 5T T 110 1 B 98 B3 T miR-219a-5p
FR) 2 511 PACH B DK 28 22 ) AR AR DG, Rk 541
WPE N AFETCSE T2 22 5, 5 I R 3L 43 0 K o3 I
—E A M, miR-219a-5p [ 2 34 Fifi 2 Fi IR 73 10
3G i — 2P AR, 2 R B A G2 38 L (P<
0.05), W% 1,
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2.3 miR-219a-5p RIEZ XM B EFFE

T WY miR-219a-5p 75 40 235 T i

WA B miR-219a-5p TEI 2P UMY T 3k oAl B . miR-219a-5p 7EJ2H

P<0.01,

1 miR-219a-5p 7¢ B fE 4

RIS, A5 B et AT A W15

2
SEEa

o i, A

MethPrimer # A4 miR-219a-5p I X 1) CpG

RS 55 AP R FIB G O

TS LR RIS EFOL . S ELURLL,

Note. A, Relative down-regulated expression ratio of miR-219a-5p in cancer tissues of patients. B, Distribution of expression values of miR-219a-5p in

cancer tissues and adjacent tissues. Compared with adjacent noncancerous tissues group, = P<0.01.

F 1 miR-219a-5p A HIE i B3 I R ERFE R OC R (n=110)

Figure 1 Expression of miR-219a-5p in gastric cancer tissues and adjacent tissues

Table 1 Relationship between miR-219a-5p expression and clinicopathological characteristics of gastric cancer patients

% Al ¥ifE brifi 2% P
Factors Groups " Mean' sp? P value
P Male 8 -1.3559 3.6584
4 53] B Male 9 0. 9065
Gender 2 Female 21 -1.2511 3.7186
A 2 —1. .
A 60 56 1.7334 3.5676 0. 2470
Age < 60 54 -0.9237 3.7277
kAL JC Negative 64 -1.2228 3.5708 0.7036
Venous invasion A Positive 46 —1.4932 3.7985 ’
.
J"? 49 ~1.4717 3.1356
Cardia
2N EH
fr i I 26 ~1.0553 4.7255 0. 8966
Position Gastric body
j==)
5§ 35 ~1.3541 3.5204
Gastric antrum
L I 11 1.4512 4. 9640
R 24 ek
Borrmann typing gz I 82 -1.7246 3.2519 0.0240*
R I +IV 17 -1.2645 3.9816
T 43 T1+T2 11 1.5235 3. 8569
e 0. 0057 "
pT stage T3+T4 99 -1.6536 3.5078
AS: -1. 3.
N 445 NO+N1 76 1. 6741 2433 0. 1474
pN stage N2+N3 34 -0.5799 4.3951
M 434 MO 98 -1. 4956 3. 4445 0.1915
pM stage Ml 12 -0.0318 5.0522 ’
TNM 4341 [+0 29 -1.1776 3.5948 0. 7871
pTNM stage m+Iv 81 -1.3925 3. 6941 ’

" Log, s(C/N) B8 2 Log, s(C/N) IBRIHE , TR

SR T A g, " P<0. 05,

Note. ', Mean of Log, s( C/N). 2, Standard Definition of Log, 5(C/N). Compared between groups of Borman classification and T staging, * P<0. 05.
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B (E2A) . SR MSP A& 11 Xt miR-219a-5p ik
UL 9 XFF Ik L B g A U SR A 4

miR-219a-5p BYHIEEAIRZS . AHT5E K L miR-219a-
5p BB E 3l XS0 v 24K LG 7E miR-219a-5p
TR T ML (72. 7% ,8/11) FeFeik b4 ny W 54k

L (55. 6% ,5/9) 3w (Kl 2B) . IK4h, MGC-803
225> AZa-CDR b5 | miR-219a-5p #9 & ik L
(FE2C) , TSA MIELA b FRHERR JCH A 0058t % v
A2, 27 T, X S 500HE % W, miR-219a-5p 7¢
B i T R LU DR Bk T SRR N

A MiR-219a-5p L X3/ CpG 5 ; B MiR-219a-5p FEB i 2h 7 X Il i F 3L AL 5 ; C . MGC-803 I 5 AZa-CDR A3 /5 miR-
219a-5p MFRIATE DL, DMSO: —HIHEWEAN ; AZA : 5- 5078 -2- AU M NE (57 AZa-CDR) ; TSA: R B S BER I 4B R A CBAH AR,
NESS LM FEALT 19 PCR 7245 U R IEAL5 14 PCR =), 5 DMSO AR BRAIAALL, ™ P<0.05,
B 2 miR-219a-5p (33552 B SLAb F W3k 14 2 i 95
Note. A, CpG island in the upstream region of miR-219a-5p. B, Methylation in the promoter region of miR-219a-5p gene. C, Expression of
miR-219a-5p in MGC-803 cells treated with 5° AZa-CDR. DMSO, Dimethyl sulfoxide. AZA, 5-aza-2-deoxycyfidine (5’ AZa-CDR) . TSA,
Histone deacetylase Trichostatin A. C, Cancer tissues. N, Adjacent noncancerous tissues. M, Methylated primer PCR product. U,
Unmethylated primer PCR product. Compared with DMSO treatment group, * P<0. 05.
Figure 2 Expression of miR-219a-5p is regulated by methylation epigenetics
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2.4 FFRE miR-219a-5p I B E 4 MGC-803
R 5E AE

A g R Y ALK mimic ff MGC-803 4
i3 2 Ik ey, i ek 4 miR-219a-5p F ik K F T+
il 9583 175, WKl 3A, CCK-8 45 5H s, 5 R a3
2H (un-treated ) FIXJ FEZH (control-mimic ) AH Y | 1 58
A4 (miR-219a-5p-mimic ) Y 40 34 5E g 7 1 i 52 3|
41,72 h A A9 CCK-8 KM (OD,,, F1 0D, )
3B (1. 83£0.02) . (1.78+0.02) . (1.18+0.06) , 22
SRAG 7 L (P<0.001) (WLIE 3B)
2.5 J3&R3i%X miR-219a-5p {2 ¥ B 7= 408 MGC-803
KA

AL EE R R, 5 un-treated ZHF control -
mimic ZH A H, miR-219a-5p i3 %k 2H MGC-803 £ Jifd

FIE T Fe B B 38 n, WLIKT 4A FT7R |, control -mimic £H
5 miR-219a-5p 3 3¢ 1k 21 /9 - 301 08 7 L 491 43 1) 2
(26.620.94) %F(51. 621. 74) % , W HAE T o 41 43591
(11,321, 21) %H1(9. 6+0.95) % , T4 1= F 0 4L
a5 (P<0.05) , Western blot 255 i 7k, MGC-803 41
Mt Yu miR-219a-5p-mimic 48 h Ja, WM EEH
caspase-3 [ FRIK 7K - B db L X BE 2 1) 3k 7K F =5
GAPDH i NZ:, Il 4B,
2.6 FFRE miR-219a-5p I B =4 MGC-803
FRRfE2HE

Kl 5A 5B 7, Transwell /N2 iF F5 S 56 45 S i
7,33 Ik miR-219a-5p 21 1 475 4 A 400 P S 44 57 ik
A0 A 52 F un-treated 2T control-mimic 2H , 25
S HA G278 L (P<0.05) . Kl 5A 5C iR, 18

TE:A: MGC-803 HfI#£4% mimic J& miR-219a-5p 3263583 ; B: miR-219a-5p i3 #3551 MGC-803 4nfEfi4ss , S IBL4AHIL, ™ P <0.001,
B3 miR-219a-5p i3 iS5 X MGC-803 4T i34 4 (1) 5 1

Note. A, Overexpression of miR-219a-5p successfully transfected mimic into MGC-803 cells. B, Overexpression of miR-219a-5p inhibited the

proliferation of MGC-803 cells. Compared with control-mimic group, ™ P <0. 001.

Figure 3 Effect of miR-219a-5p overexpression on the proliferation of MGC-803 cells

B4 MiR-219a-5p i3 k5% MGC-803 4R A =AY 1
Figure 4 Effect of miR-219a-5p overexpression on MGC-803 cell apoptosis
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A MiR-219a-5p i 3R IAJR ] MGC-803 AN AER MIIRZE; B 3 L B e o IR Am i &, 5% RAEARLL, "P<0. 05,
Bl 5 MiR-219a-5p i k5 % MGC-803 40 MLIEHS AR ZEAE J1 505
Note. A, Overexpression of miR-219a-5p inhibited the migration and invasion ability of MGC-803 cells. B, The average number of

transmembrane cells per field of view of the three groups of high magnification. Compared with control-mimic group, “P<0. 05.

Figure 5 Effect of miR-219a-5p overexpression on the migration and invasion ability of MGC-803 cells

A IETRIEAY transwell /NE AR ZELE & B, miR-219a-
S5p 1 FIRAH S A B T A0 BT - 1 2 5S4 A 4 e 4]
I 2 /0 F un-treated 4150 control-mimic 41, 22 5% E
AP E XL (P<0.05), DL S5 £, miR-
219a-5p BEISS 5 i 40 ML AT RS R 22 RE T o

3 itig

B A R — M BER, W S E R
97 5 B M RE IR AL, R T Bk = A R0 R
WM sy, KREHEEEERZHT
piisii IR e D =R =Rl A (7 R I
WE I ERE ARG S LRI 90% , 1 vt e 1 B
FER 5 AEAAERAUE T 309%™, v UL B 59 K kis
W RN S PEAL X T AL iR Y7 R 2 A5
AL B bR ) WHEE IR PR (CEA)  BE2E TR
19-9(CA19-9) | & H )5 (PG ) 45 10 K I 3 3 5
BRI RE AU B R AR L, T30 B
B R T Ar 25 W 2 e R B e RS E 1297 1R 38
PIF2R . miRNA 38 33 X # mRNA ) B i ol B 12640
il WA A2 4 L I 3 PR 3 56 170 B it I R s VR

FE b 5 E B AN G RS o R b & 4 S A U T A
AU L SRS K BT miR-17-92 AEAR B
AR IX R3] g R A B T IR 4, EL o B
71, HH miR-20a-5p 7E2 W7 B I 37218 % TAEFRAE
Mk T (AUC) 8, KT 0. 95, USRIy 5+
PEXIR T 90% , 7] W miRNA 7] RAARAT B9 4E o B 2
W 4 T AR S AR

TEAMISE 3l S 5 E 5 PCR 7 T
R miR-219a-5p 15 5 6 s 2 2 h 52 03 5 1K
FERNEIL AL T — 2B R 5 R st e W 4
SR IMTE AR AR, A i BR AR S miR-219a-5p A7
TR AR N B R 2 Wi bR R iR S
ZM ., N THZE miR-219a-5p N4 4 B 2H
LUK T, FATHHT T miR-219a-5p T 58 1) 5
P 4LE 3 F X 385 51, Bl MethPrimer 7£ 2k 4K {4
(http ://www. urogene. org/methprimer/index1. html)
ATRIAFAE CpG 1, miRNA 35 12 V8 2 8 Y
KA W) B ERRIE, miRNA )38 HoA H 4L
2SR5 I 32 21 R W A ML I 4%, CpG 55 1Y
1o R AE HL A TR A VR AT L miR-320a
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1 B 20 % DNA B IR R s feidl girh ik
Wi T I TR R R AT SR 4 R
iR TE B A 20 B LR IE MY miR-219a-5p 1R
AIfEsz H LAk 1 2 0 st AL R 45 TR Bk FRATT & B
miR-219a-5p Y2 15 HE 2 Al I8 P A %) 348 o i g
1%, AR o &h A e IR HL 3 3k 1) ol A v] RETE 5 968 110 i
HE —E A,

miRNA 76 B FEia)7 I & 00 K 135 5
WA H ) R TR, 2005 £ miRNA 5 8
R A=W N ETR - i S N O S
FHREA miR-219a-5p-mimic, 75 B 9% 40 il 2 MGC-
803 H it ik miR-219a-5p i , T BH 41l frfryeg
YA 1G5 MR 28, R T, X B T
miR-219a-5p 7 A8/ B 9 & A K e ad i v — Fp E 22
AR miRNA P84 5 Al M s ol T SR S5 R
YRR R, EAR BARMLE A A fR Ut — 25 oY, 3
K ARIGYT B R R AL TR A A Wang 2517 iGH
miR-454 75 B 2R Z0 i Z b 8 35 T R, miR-454
FIMIR IR SR L5 6 RS IR TETREE A TNM 4330 5 1
G, FFH2 i miR-454 A] GE M ¥ 45 & 22 R0 1k
B VG 1 e S R R R I L AR
FEAN L IGEE IR 28, S T A T, kel
UL miRNA AE b 3 R ) B B 45 1, S o B
FE A UETR YT 10 B A R S iR o,

Ji 2V RSE % P miR-374a-5p 75 B L LT
oA I eIk HLS ROE R R TR R R G, HoA
T miR-374a-5p HHIF 0464 BE A5 300 4 B YD F)
RV PN AN 1, 3 00 o e R A A X e e B
78, AN miR-374a-5p 7] BE & — Bl LR 1) 1 9 I
293097 i UL R FH AN IR () 5532 T RE LA 48
U HE AR R R PR AE IR T ek b s R X
0 miRNA S8 AT TR — A T R4, S
H 1) miRNA %38 2 HM AT F ik e JE R LA )
Fifr e T T SR T R I

SE Lk
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KRG RH Bb AL X i e 1y 78 452 10 R LAY
LIS TS TRK(EEE

B OF,EERT R, F R, EAR,H B

(K T N R R e (A il [ B RS B 5 ) #ilz2  —B) il b 57K 053000)

[BE] HH FITKERFE Bb(soyasaponin Bb,SSBb) FiAb BT v ik Ifil/-FH#E 7 ( ischemia/reperfusion, I/R)
KREWHELIEN, ik SD KRBT ARE BRI A =50 & SSBb kb BieH 452 15 ORI, i
SR e 7 K P Bl bk A ZE ( middle cerebral artery occlusion, MCAO) K FRUBERY T HIZE)S 2 h SCILEET: sk
UG /R, K #5774k SSBb AL FR417E MCAO ARG 1 h 43317 B 20 1 50 mg/kg SSBb, FRETE 24 h )5, HBR
2405 ™ H B P43 2% ( modified neurological severity score, mNSS) P TIRESIFG , FH 2,3, 5- = R F LU A
(2,3, 5-triphenytetrazolium chloride , TTC ) 5 I i % SE. 44 B, FH % AH ¢ 25 F1-2 ( microtubule-associated protein-2,
MAP-2) e &P Al B 2 50451455 , T T/ 30 S v A i 2 7K o, I R B 5 DI 1 Al e o, > 1 2y v Jofr g IR R -
(‘tumor necrosis factor-o, TNF-a ) 2235 7K, F] Western blot K 2 filt & 250 %% 25 1495 ( postsynaptic density-95, PSD-
95) & filZE I(synapsin 1) FIZEfilizh &5 H (synaptotagmin ) I AKY-, ER SR &, KA 7 & SSBb i
AbPRIA R 2GR MCAO AR B Fi 28 T BRI | D85 I K T RIS E | I B AV e 1 > I 2 v TNF - (19 3238 7K
SEFT PSD-95 synapsin 1 H1 synaptotagmin F 22 1% 7K (3 P<0. 01 1 P<0. 001 ) ; Hirh = #) i 4 4E o B3 (P<
0.001), #4it SSBb FALHIAEMG I/R B K Bl & HE i dh 2 IR E AT

[X$R] KT EH Bb; Mkl FR#E I  TNF-o; MR DG 1 KB
(RFESZES] R-33 [ X#ERREB] A [XEHS] 1671-7856 (2022) 07-0074-07

Neuroprotective effect of soyasaponin Bb pretreatment in cerebral
ischemia/reperfusion model rats

GAO Qian, WANG Jianyu, MENG Weijian, LI Jing, CUI Yongjian, WEI Yan"
(No. 2 Department of Neurology, Hengshui People’ s Hospital ( Harraison International Peace Hospital ) , Hengshui 053000, China)

[ Abstract ] Objective  To investigate the neuroprotective effect of soyasaponin Bb ( SSBb) pretreatment in
cerebral ischemia/reperfusion (I/R) rats. Methods SD rats were divided into sham, model, and low- and high-dose
SSBb pretreatment groups with 15 rats each. A rat model of middle cerebral artery occlusion (MCAO) was established by
suture occlusion, and reperfusion was performed 2 h after occlusion to simulate brain I/R. Low- and high-dose SSBb
pretreatment groups were administered 20 and 50 mg/kg SSBb by gavage, respectively, at 1 h before MCAO. At 24 h after

reperfusion, neurological deficits were assessed by the modified neurological severity score, and cerebral infarct volume was
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measured by 2,3, S-triphenyltetrazolium chloride staining. Microtubule-associated protein-2 staining was used to assess

neuronal damage. Brain water content was measured by the dry/wet weight. Tumor necrosis factor-a. (TNF-a) expression

in ischemic penumbra was measured by immunofluorescence. Postsynaptic density-95 ( PSD-95), synapsin I and

synaptotagmin expression was detected by Western blot. Results

Compared with the model group, low- and high-dose

SSBb pretreatment significantly improved neurological dysfunction, alleviated cerebral edema and cerebral infarction in

MCAO model rats, and decreased expression of TNF-a., PSD-95, synapsin I and synaptotagmin in ischemic penumbra (P

<0.01 or P<0.001). The effects in the high-dose group were most significant ( P<0.001). Conclusions SSBb

pretreatment has a neuroprotective effect in rats with cerebral I/R injury.
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Note. A, NSS scores of rats in various groups. B, Brain water contents of rats in various groups. Compared with sham group, ™ P<0. 001.

Compared with MCAO group, *P<0.01, * P<0.001.

Figure 1 SSBb pretreatment reduces neurological dysfunction and brain edema caused by brain I/R
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Note. A, Representative images of TTC staining. B, Representative fluorescence microscopy images of MAP-2 stained sections showing the

infarction areas in the brain (MAP-2 appears as bright red dots, while the nucleus is represented as bright blue spots). C, Infarct volume in

various groups. D, Relative fluorescence intensity of MAP-2 in various groups. Compared with sham group, **P<0. 001. Compared with MCAO

group, #P<0.01, * P<0.001.

Figure 2 SSBb pretreatment alleviates cerebral infarction after cerebral I/R in rats

ARSI HZUR TN HE Qe (% B B 3 h MAP-2 1 TNF-o S8 58 658 S % C D 2 2B o MAP-2 1 TNF-o BOFEXT 385
SRIE . SETARAMEL, ™ P<0.001;5 MCAO 4L, *P<0.01, " P<0.001,

B3 KTEH Bb WAEMEImN LR F5 A SAE N (n=5)
Note. A, Representative HE staining images of brain tissues in each group. B, Immunofluorescence localization of MAP-2 and TNF-a in ischemic
penumbra area. C, D, Relative fluorescence intensity of MAP-2 and TNF-a in the penumbra region. Compared with sham group, ™** P<0. 001.
Compared with MCAO group, *P<0.01, * P<0.001.

Figure 3 SSBb pretreatment inhibits inflammatory response induced by cerebral I/R
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Note. A, Representative Western blot electrophoregrams of PSD95, synapsin I and synaptotagmin in each group. B~D, Quantification analysis of

the expression levels of PSD95, synapsin I and synaptotagmin proteins in various groups. Compared with sham group, ™ P<0. 001. Compared

with MCAO group, *P<0.01, " P<0.001.

Figure 4 Effect of SSBb pretreatment on the expression of synaptic-associated proteins after cerebral I/R
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[HZE] B8 AR R IR R/ N T BER , IR RENLE . FiE 40 H T kit /)
SBEHLAT R 4 41, 43930 A X B2 ( Control ) R FIZH (Model group) .20 mg/kg RES 4 (20 mg/kg RES group) 1 40 mg/
kg RES 41 (40 mg/kg RES group) , 54l 10 K, W&/ AR | O 5L & & A1 00 55/ BRAHXT E 4 b R A HE Je @i
Z2/NER D S 2 R B A Ak s RT-qPCR B I B9 L0 21 CyclinD1, Wntl Fl B-catenin mRNA ik ; a4l 1k
Y@L OH L 1 B-caterin B [ 3K ; Western blot {45 I B §L2H 41 h Mvh , Oct4 ,SOD2  Nrf2  Bax FI Bel-2 £
Tk, R 20 mg/kg RES A1 40 mg/kg RES 2/ FUAEE | 5151 5 5t A1 P 5L/ /) B &L L3 TAC A ; S8
20 AL, 20 mg/kg RES 21 40 mg/kg RES 4/ U A6 O 1 5 i 3 i | A1 B y0 i T B3 ( P<0. 05) , T B S 20 2 v
CyclinD1 ,Wnt1 FI B-catenin mRNA FRILHEM( P<0. 05) ; HHEIRIL LH4E,20 mg/kg RES 411 40 mg/kg RES 41/)NFL B
B AU B-caterin FHETE FAZRIATHS , 2 W EMRIBUE ; S AL, 20 mg/kg RES 41H1 40 mg/kg RES 41/
GHFEZH 41 Myvh  Oct4 ,SOD2 N2 1 Bel-2 2 IR IATH R, Bax RiK T FE(P<0.01) . 58 [FIZEA BEXT B 5 /)N
FURA R, AL AT AR -S540 1 00 SLANARIE T, 305 Wnt/B- catenin i 437 OF LI REIR & A %
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Effect of resveratrol on premature ovarian failure in mice and
its possible mechanism

XIU Yinling, SUN Kaixuan, YU Yuexin”
(Department of Reproductive Medicine, General Hospital of the Northern Theater, Shenyang 110000, China)

[ Abstract]  Objective To observe the protective effect of resveratrol in mice with premature ovarian failure and to
explore its possible mechanism. Methods Forty two-month-old female mice were randomly divided into four groups:
control group ( Control) , model group, 20 mg/kg RES group, and 40 mg/kg RES group with 10 mice in each group.
Changes in body weight and the ovarian weight coefficient were assessed. Follicle number changes in mouse ovarian tissue
were observed by HE staining. Relative mRNA expression of cyclin D1, Wntl and B-catenin in ovarian tissues was
measured by RT-qPCR. [-catenin protein expression in ovarian tissue was detected by immunohistochemical staining.
Mvh, Oct4, SOD2, Nrf2, Bax and Bcl-2 protein expression in ovarian tissues was detected by Western blot. Results
Body weight, ovary weight, and ovary/mouse weight ratio in 20 and 40 mg/kg RES groups were higher than those in the
model group. Compared with the model group, the number of primordial follicles was increased and the number of atresia
follicles was decreased in 20 and 40 mg/kg RES groups ( P<0.05), while mRNA expression of cyclin DI, Wntl and -
catenin was increased in ovarian tissues ( P<0.05). Compared with the model group, B-catenin protein expression was
increased in ovarian tissues in 20 and 40 mg/kg RES groups in a concentration-dependent manner. Compared with the

model group, Mvh, Oct4, SOD2, Nrf2 and Bel-2 protein expression was increased and Bax expression was decreased in
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ovarian tissues of 20 and 40 mg/kg RES groups ( P<0.01). Conclusions The protective effect of resveratrol in mice with

premature ovarian failure may be related to inhibition of ovarian cell apoptosis and activation of the Wnt/B-catenin pathway

to promote recovery of ovarian functions.

[ Keywords)
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Table 1 Primer sequence

5 Em51%) B 1514
Gene Forward primer Reverse prime
CyclinD1 GATGAGGAAGTTGCTAGAA TCGTCAGCCAATCGGTAGTAG
Wntl GGTTTCTACTACGTTGCTACTGG GGAATCCGTCAACAGGTTCGT
B-catenin AACGGCTTTCGGTTGAGCTG TGGCGATATCCAAGGGCTTC

GAPDH GTCCCTAGACAAAACGAGCGT

TGTCTCCACTCATAGGTTGTTG
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Figure 1 Comparison of ovarian morphology between groups of mice

F2 /PR PR AN/ (245 ,0=10)

Table 2 Mice weight, ovary weight and ovary/mice weight ratio

51 M (g) PIEE R (g) IE VNS 4i
Groups Mice weight Ovarian weight Ovary/mice weight ratio
Xf HRZH

39.42+1. 14 0. 0310+0. 0027 0. 000786+0. 000049
Control group
HEAYEH

25.60+0. 66 0. 0067+0. 0014 ™ 0. 000265+0. 000054 ™

Model group
20 mg/kg RES 41
20 mg/kg RES group
40 mg/kg RES 4
40 mg/kg RES group
T HXHRAMLL, ™ P<0.01; SRR, *P<0.01,
Note. Compared with the control group, ** P<0.01. Compared with the model group, *P<0.01.

30.24£1. 57 0. 0157+0. 0025* 0. 000519+0. 000077*

33.50+0. 87% 0. 0204+0. 0028* 0. 000608+0. 000085**
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T« # Sk iR 40 AT

B2 HEEEX N R4 LR R (HE )

Note. Arrows indicate mature follicles.

Figure 2 Effect of resveratrol on ovarian tissue of mice

T SXFRRAAMLE, ™ P<0.01; SERI4 M, *P<0.05, #P<0.01,

3 /LG L R AR O LA A BN LU B (45,0 = 10)

Note. Compared with the control group, “** P<0.001. Compared with the model group, *P<0.05, * P<0.001.

Figure 3 Ratio of the primordial and atresia follicles in the ovaries

T SXHRAL L, ™ P<0.01; SEAA L, FP<0.05,%P<0.01,
B4 /NEEIEAAZF CyclinD1 Wntl 1 B-catenin mRNA
FAXF A (245 ,n=10)

Note. Compared with the control group, ™ P<0.01. Compared with the

model group, *P<0.05, ¥P<0.01.
Figure 4 Relative expression level of CyclinD1, Wntl and

-catenin mRNA in mouse ovarian tissue
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5 /NEBREA LI B-catenin B I FEIA (FrEdflk)

Figure 5 Protein expression of B-catenin in mice ovarian tissue (immunohistochemistry)

T SXHRAMALL, * P<0.05, ™ P<0.01; SHELLALL, *P<0.01,
Bl 6 AN A LUR Mvh Fll Octd HFFRIE AT (x4s,n=10)
Note. Compared with the control group, * P<0.05, " P<0.01. Compared with the model group, *P<0.01.

Figure 6 Effect of resveratrol on the expression of Mvh and Oct4 proteins in ovarian tissues

TE: ST IR, * P<0.05,™ P<0.01; GBI, *P<0.05, *P<0.01,
B 7 I S L 41 SOD2 Nrf2 Bax F1 Bel-2 2 1A M50 (x5 ,n=10)
Note. Compared with the control group, * P<0.05, ** P<0.01. Compared with the model group, *P<0.05, *P<0.01.

Figure 7 Effect of resveratrol on the expression of SOD2, Nrf2, Bax and Bcl-2 proteins in ovarian tissues
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Yang XY, Li JJ, Dong X, et al. Establishment of a rat model of acute pulmonary edema in cold environment at high altitude [ J].
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Establishment of a rat model of acute pulmonary edema in
cold environment at high altitude

YANG Xinyue', LI Jiajia’, DONG Xiang®, SHI Wenhui’, LI Jianying’, WEI Xuemei** , LIU Jiangwei™*

(1. Medical College of Shihezi University, Shihezi 832000, China.2. Anorectal Diagnosis and Treatment Center,
General Hospital of Xinjiang Military Command, Urumqi 830000. 3. Key Laboratory of Special Environmental
Medicine, Xinjiang Military Region General Hospital, Urumqi 830000. 4. Respiratory and Critical Care Medical Center,
People’ s Hospital of Xinjiang Uygur Autonomous Region, Urumqi 830000)

[ Abstract]  Objective To establish a rat model of acute pulmonary edema under high-altitude hypobaric hypoxia
and a cold environment, and to explore the effect of cold factors on the formation of acute high-altitude pulmonary edema.

Methods One-hundred healthy male SD rats were randomly divided into two groups (n=50) ; HN and HC groups. Each
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group was divided into five subgroups (n=10) with five time points; 0, 24, 48, 72 and 120 h. The two groups of rats
were placed in an artificial experimental cabin to simulate hypobaric hypoxia at an altitude of 7000 m, different ambient
temperatures were set, the rats were anesthetized at the corresponding time points, and alveolar lavage fluid and lung tissue
were collected. The BALF protein concentration and W/D ratio of lung tissue were measured. The lung tissue was sectioned
and stained with HE to observe pathological changes. Results The W/D ratio of lung tissue was increased in HN and HC
groups. The W/D ratio of lung tissue in the HN group reached the highest at 72 h, and that in the HC group reached the
highest at 48 h. At 48, 72 and 120 h, the W/D ratio of lung tissue in the high-altitude cold group was significantly higher
than that in the HN group (P<0.05). The trend in the changes of the BALF protein concentration and lung pathology was
the same as that of the lung W/D ratio. The BALF protein concentration and lung injury score in the HN group reached the
highest at 72 h, which were (0.2802 + 0.0243) and (1.7778 + 0.4410) mg/mL respectively, and the BALF protein
concentration and lung injury score in HC group reached the highest at 48 h, and their values were (0.3352 + 0. 0204)
and (2.8889 + 1.0541) mg/mL respectively. At 48, 72 and 120 h, the BALF protein concentration and lung injury score
in the HC were higher than those in the HN group (P <0.05). Conclusions In the simulated hypobaric hypoxia
environment at high altitude of 7000 m, the SD rat model of acute high-altitude pulmonary edema was successfully

established after exposure to cold conditions ( daytime temperature; 15°C ; nighttime temperature; 5°C) for 48 h, but it

required 72 h at normal temperature. This study suggests that cold factors promote the occurrence and development of acute

high-altitude pulmonary edema.
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Figure 3 Lung histopathological changes
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Wi Ke 22 37 K UM 27 4 00 19 1 P BAT S LR BT 5

B 2 EAWE B XTI KFE HHK
(LIRS LRI MR E 53R I 7R T 27400052 T P ES LRI A R R 2 INAR Wi 274000)

[FZ] B8 B A 4 bR SR 2L A0 18] B 5 L | R AE X NOX4-P62 {552 M,
HE—2 e B M2 X AT AL VR LRI (RS0 3R I . 5k SR R U v IR R B 4 (BLM &)
FEAC R+ Z 4L (BLM+QUE 41) , 20 T 1 BR 56 714 .28 RMEEA AL LML, R IR AR R -y (1
1 (HE YL t8,) P I 2F 44 A7 00 | 25 191 5 6 8 07 ( Western blot ) 67 I 42 it 4 £ A JEF 2510 0 ik P P P e — A 5 1R
WERR S ILE 4(NOX4) | H IR P62 M T «B(NF-B) (W HRIBIFI, SO -G W5 SOV (gRT-PCR) A5l
NI R EE A bR AS49 R iR M A SV WILNLBH B 1 («-SMA) FIE5HE R 2 F1 E( E-cadherin) A mRNA 357K | BBk 7
FEWL % (ELISA ¥%) il ¥4 Ak AE K R F-BL(TGF-B1) \HA R - 1B (IL-1B) FIIIE I IEF F - (TNF-a ) K-, &5
5 BLM ZHBERT A3 IR BSR4 Ak 2 #EAT MO T, BLM+QUE ZH7E%5 7 REPEOIRES BLM 4142, 7845 28 KEHAEAR
W8, BLM 4149 TGF-B1 IL-1B \TNF-a \NOX4 P62 NF-«B 5 &5, B A R FA, 2R BEE 5% E
SL(P<0.05) ,BLM+QUE £H7E%5 7 RAH%E BLM 24K, (HIC W35 22 5% (P>0. 05) ,{HAESS 14 28 KATHE: BLM AW F
W, 225 W3 (P<0.05) , S%FIRL s, A TGF-B1 ) A549 4HJfl E-cadherin ,a-SMA mRNA (K 3&3K 43 51 W] A%
FITFEG (P<0.05) 45 P Z 5 , E-cadherin ,a-SMA mRNA [ 2 k%8 TGF-B1 2043 I BA B 71 &5 &A% ( P<0.05)
it Wi R REREIN R TCF-B1 X A s 40 S Ak AS49 20 M5 S 1) 1) B e AL 25 | e I 27 4k Ak BRI R 08 L
L, G it P g 2 T S R BRI 2T 4k AL, B WIS M AE R B R 5 R BRUR AR T £ 4R Ak 1) 2o 7 v 32 S04 ) 5 iz 23]
AR AL T ] NOX4-P62 1553 4% , B H W, D42 K U4 4k 1k

[RIA] It iR 2 LA A0M R 5 M B4 46 ; NOX4 ;P62
[hE4S#ES] R33 [XEAFIREE] A [XEHS] 1671-7856 (2022) 07-0094-07

Effects of quercetin on pulmonary fibrosis in rats and its related mechanism

XUE Lan', MAO Chunying’, WANG Hui', WANG Shoufu' , ZHANG Zhenghui', GUO Xinqing'*
(1. Department of basic Medicine, Heze Medical College, Heze 274000, China.
2. Department of Medical Technology, Heze Medical College, Heze 274000)

[ Abstract]  Objective To investigate the effects of quercetin on interstitial transformation, inflammation, and the
NOX4-P62 signaling pathway in lung tissue of rats with pulmonary fibrosis to provide an experimental basis for further
elucidating the mechanism of quercetin in pulmonary fibrosis. Methods Rats were divided into control, BLM and BLM+
QUE groups. The appearance of lung tissue in each group was observed on days 10, 20 and 30 after modeling. Pulmonary
fibrosis was evaluated by HE staining. NOX4 and P62 in lung tissue, and a-SMA and E-cadherin in A549 cells were
detected by western blotting. TGF-B1, IL-1B and TNF-a were measured by ELISA. Results Symptoms in the BLM+QUE
group were milder than those in the BLM group on day 7, and significantly relieved on day 28. TGF-B1, IL-1B, TNF-a,

[1EER AN ] B2 (1989—) , 2, WL F5E A=, BRI, B 55 5 1) < I AR 3502F . E-mail : dengzh71@ 126. com
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NOX4 and P62 expression in the BLM+QUE group was lower than that in the BLM group on day 10 (P>0.05) , but it was

much expression lower than that in the BLM group on days 14 and 28 (P<0.05). Compared with the control group, E-

cadherin and a-SMA expression in the TGF-B1 group was significantly decreased and increased, respectively ( P<0.05).

Compared with the TGF-B1 group, E-cadherin and a-SMA expression in the TGF-B1 +QUE group were significantly

increased and decreased, respectively (P <0.05). Conclusions

Quercetin inhibits TGF-B1. EMT of A549 cells

alleviates the inflammatory reaction and pulmonary fibrosis induced by bleomycin in rats. Autophagy is inhibited by

bleomycin-induced pulmonary fibrosis in rats. Quercetin inhibits the NOX4-P62 signaling pathway, activates autophagy,

and reduces pulmonary fibrosis in rats.

[ Keywords)

Jiti £ 44k, ( pulmonary fibrosis, PF) J& IIfi /R I i
TP, A RBORIT 7, Bt R, B H — M
LIRFI B AT, ke 2 R 5 1R 1Y ™ &
(Y ITIE R SR , 76 VY &1 D\ A J2 40 i A1 58 Jo 7 i
A ) BTk B TR I A il 2 T 75 | S 1 i B
FE R b g T Bl | I Ja s AN P RE S
il = e ML B i BB LA 2% A O, H R R
2y PR e AR 7 B — & BRI, REAE A &%
SR DRI T A AL R D B R
Mz 25 ( quercetin, QUE) BRI AET AR
T 2R B R 2R AL G W), AR S RS %
A4 AT 2 % B AT R SR P
2 BN, TSR I R B A
AL TEBR E B PR BRI PR SRR
ARSI AL LR 14 B 2R PO IH 2 2 Ak 1Y 53 7~ LI,
AT eI AL AR Smad7 (745, Z2fif TGF-B i1
JINBRUIEEL 10 75 1 iz 20 NTH3T3 25 44 {E sz
RPUM LT EAL I o3 AL 8 AR BB, A T
i — 2 o) WA R 22 %8 il 28 2 Ak i A T BIL TR, A BiF 58
TERTWE IR LA || 3 — 2D R0 W B R o 21 2
AR SrTHLH], SR A 45 R AGE T

1 #RfnrE

1.1 SLIEHHR
1.1 SERsh¥y

fatRRE AR 3~ 5 R HE: SPF 2% SD KRR 50 H,
FHi 190~210 g, 14 H bt BREAE Y RHE A
FRZA ] [ SCXK ( 5T) 2020 - 0009 |, & &4 4% 3IE 5+
11400700045968 , 11 5% T A< Bt bt B 2 8l ) %= [ SYXK
(£)2020-0013 ], A S 5o 5 AR 0~ S5 40 =5 AH G
(=BLIDTIDTENE 7RI B Ve s o S e o VT (o G
HZYZ2019-0381) , %4/ 3R JF
1.1.2 4w

TR ARE AR AS49 2 it kb v R R 2R AL 5K

pulmonary fibrosis; quercetin; inflammatory cytokines; mesenchymal transition; NOX4; P62

1.2 FERXFS5MUE

Click-iT® Plus TUNEL assay i % & ( #2 5.
C10618) 4 H Invitrogen /A ] ; IR A 41 (HE ) Y
R & (5245 . C0105) I F 35 = K ; Masson Stain
Kit Masson 44 {8387 £ (575 :60532ES58 ) 14 [ |16
W YR A PR B IL-1B (585 ab13847) |
TNF-o( 555 : ab202068 ) . TGF-B1 ( #25 : ab64715) .
a-SMA ( 75 :ab5694) .GAPDH (585 . 1056 ) —$i g
35 [ Abcam 23 7] ; HRP FRic 1L EH0/ N W
EES Santa Cruz 7~ A); NOX4 ( 4% 5. E-EL-
R0015¢) , NF-«kB ( EEL-R0019) . P62 ( E-EL-R0016 )
F1 ELISA 77 &4 H Elabscience ; i 5 H £k iz 19 3%
FHR(HH 15 mg) , AR S48 7 (HWHIE
5 H20090885) ; #fit Bz Z W 1 L ¥ VG % 7 ( Sigma) 23
F], AniRes2005 3 ifi T g 53 A R 4 A b 5t DL
R A B ] PCR A K AR 2 2 A
P B & EA AR T 5 Gel View 6000 L2 & GEE
AR ZR G AT N = BALE A FRZA 7] ; Multiskan GO
BEAR U H Thermo
1.3 XWHE
1.3.1 M Mt e 2R R 24

SEES YR FHBEMLECT- 2R 550 3 4, 4 2
XFARZH 10 H 18k 5 K 4 (bleomycin, BLM ) 20 H |
R EE R+ B2 RAL(BLM+QUE ) 20 H, K BUK I
5 25% S H03H (4 mL/kg) RIS, BLM 20 >R B —
R T RS NS BLM (5 mg/kg) LATE K
R M 1, %oF 2 SR B — R A P 4 TR 4
FRICH AR R K, BLM+QUE 2H 5% Bt 1] <45 I — Ik
PR A BLM (5 mg/kg) B2 H 25 7 15 s v S iz %
(3 mg/kg) , Ho )5 B H — RIS 1 S5 B2 2 (3 mg/
kg) , HEKBGALIE, W A KBRS T HHIK
B, RS 5 7,14 28 K, BLM 41 #il BLM +
QUE A BENLALFE 6 H (59 W iE 3 3l Ik ab 3L 4% 4 K
L), IFFESS 28 KAMEXT R4 6 H, AbBEHT T sh#)
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PR 10 h, FREE 5 VE ST 25% 55748 (4 mL/kg) Bk
B, PR AT TR B T BRI IR — o A R RN
IZHE A HRAEE T, BT -80°C vk A, T4l
FIHLR S A A 7,
1.3.2 HE #:f5

HEECHE 1 Bl 4L 21 [ 5 AE 4% 2 R I 24 h,
i AL BHEE, INA PBS,46E 8 h H 4 1 1K,
2L 3 d,4CUKFEIRAT , SR VI 0.2 em JEERY /R
FEbRiC i, SR 5 FH B4 T A6 BE BRI, A 50% <,
I 50% — H 45 #4 & 30 min, SR )5 A 100% . H
MR E I, A B2 Al 50%
AR 50% — H K15 W 30 min, 28 J5 R A TR 1Y
1009% A7 BE Wk , BRK 2 h, B 100% £ 5 4% &
HE BT 4°C vRARAAR, B (A0 R LIy 7
wm Y] R K S KT R R b B
PRI A b R A A A D) Rl R
PEAT I PR B K AR5 T IR AR YL R L 8 min
Jei , FEH A SRk b A 19%Eh R 2.8 10 s J5 H ok
AKOPYE, M A 0. 5% 2132 44 3 min J5 [ KK wf
Ve, SR 5 B B BB K AR FE 2R T A I
W] R R R R AT
1.3.3  ELISA JERIN 4347 45 i it X+

il BT A4 e o 3 K I e Ak A K B
(transforming growth factor-B1,TGF-B1) A& -1
(interleukin-1B, IL-1B ) i N S e ( tumor
necrosis factor-alpha, TNF-a) . L TNF-o Ry 5] . b5 1
i 4% BEULRH A5 004786 BEFR BE | HEAS FHAE AR B v it
TR, o3 AR S L FEACSL 25 AL A PR TE
fh FEAS BRUE SRR AT 100 wL, 25 L2 B A= 4
FARCAYAII N Tk 50 WL, 48 37°C T 54 1L
T 350 WL VR, BHE 1 min J5FE EBE 41, %
FUIMAFRC SR SR M E TAER 100 L, 28 37°C %
A 30 min 5325, BH 4 Ik, FLITA 100 pL JiE
YREEIEE 30 min HUH EEFRAR , 2 FL A 100 wL
281,450 nm AL KGN OD {H, 2 s i 2,

AU PR 7 BRI
1.3.4 HEHRGREEII ( Western blot) & 43 #t

FIF Western blot £ AR KM ZE 2 7,14 .28 K
JiliZH 23 () NOX4 P62 NF-«kB 7K V-, Western blot #%
ARELSF DL 255K . 42 A ] 28 1 3R DN s Tk i e e
R HEATHRIK, S B R IR R B 2/3 4b
A A5 1k LUk, SR 2 206 T 2 i 0 3 i 2%t O o
Ve B YL AR 25 ARG B VR — B E R
THUREE VERE, AT 60 N R KRR —PUR L,
SRIGHFUEIE, MR EE — P & M P E it
T e AT ERST
1.3.5  AMliBREEgn ik AS49 4 3% 77 5 b

KIS 10% 864 175 (1) RPMII640 35 573655 %
N g A R AS49 4RAE, BRBA T ARAE) AS49
N TR S IS 57 B E T 37°C B K i i b AR
I RS NIRAR 72 RV G R B R0,
TA 10% B4 L35 o 58 8 R 4k AT IR S G
BT B R B 2 BIEW, A e k3R
BoR i B R Fe R RIS T 37°C €O, Ky
FRAETh SR, BIE WA WA A ) A R AB L,
MR AE K F 80% 1A 5 BRI A B HE 47 40 M A%
R, TR TR AR B TAE S NS, BB 55
W AS49 21 i FH JE ik T A LA A B4 R T, b T
BN BT 37°C MUy 5558 24 h 5, 5%
2 LVEW, A PBS THUE 2 Wk, LA 2% B A i i 4k 22
Rigt 24 h 580K, XTER4NA PBS, TGF-B1 £
AL EN 5 ng/mL [ TGF-B1, TGF-B1+QUE 41/
ALHE N 5 ng/mL B TGF-B1 1 100 wmol/L fY
QUE, #k£2155% 48 h,
1.3.6 Real-time PCR ¥l A549 4ijfirf E-cadherin
mRNA ,a-SMA mRNA Fik 1 H

K TRIzol $2 HUAGH & $2 B 20 A549 21 i &
RNA , Z380 7 53 5 i cDNA Bidi, iR 4l SYBR Green
R & YA KA X E-cadherin A1 «-SMA mRNA
FRAEHATHEI , L) GAPDH /E RN ZW), MR

%1 RT-PCR #5455
Table 1 Primer sequences of qRT-PCR

e Z PR B [ ity 7 [n] S1¥F3
Gene name Gene coding direction Primer sequence
GAPDH F 5’ -GATCGCGACTTACGGACT-3
R 5’ -AGCTAGGCTAGCCACGCACATTA-3’
SMA F 5’ -GTCGTAGCTAGTAGGGTACACGG-3’
a-
R 5’ -ACTGCTACTAGCTTATCGTAGGA-3’
. F 5’ -GCTGTACCTAGACTGGACCAGTAC-3’
E-cadherin
R 5’ -GCTGACCAACGTAGTTACACAG-3’
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Primer Prenier 5. 0 84 XF 51 Wyt 17511, 5191 & A%
A TAE R A R w4 A, 51407 51 L3
1, PCR AR EATC 20 pL( H i sy
2 pL.SYBR Green Mix 10 uL., I Fi#f5I#4 0.5
pL.7 pL B ddH,0), PCR §" 1 £ . 94°C 30 s,
63%C 30 s,72°C 30 s,60°C 30 s,k 40 MEH, K
2748 T SR R L

1.4 Zit=EH*

S KA SR ] SPSS 19.0 43 B #4449 DL K
Excel 2010 #4741 4T , 71 5ORHH - 8 At
2 (xxs) Fon , Z U Z 8] LMl R B IR 28 0 22 03 M0t
(one-way ANOVA) , 4 N4 #iE = [ /% b ARk H LSD-
K, BT A B 2 51T 0 B 5 DL P<0. 05 /R 2 5%
EEW -

2 #R
2.1 BAMARFHNPESEINE
MG 7 .14 .28 KWL, X 18 21 i % 1 e i

TCEETTIC A, A0 Ry 2T 5, AR BT M, BLM
ANHAESS 7 KO E Wb K I T A7 sOIRELBE 5 14 K
BFR KA A SR I 55 28 R fili | AR B
45/, BLM+QUE 415 BLM 20 He %5, % 1A 4 1 A
U A I, A L/ R o S B, ELAA

LI 1,
2.2 HE #BRNER
HE et g 7~ | B 5 6 BR 241 4% 15 8] 15, P i o

SER ST il 60 BE A T Il V6L P 0 B I A% 0E A0 i R
e, BLM A0S 7 KA K RAE AN R 4E
FA /D SR 2 55 14 K oo 7] B ik 5 4 2 i
JREFYESG 22 5 28 TR B 4 il o0 235 44 8 B e I, K
IR , AT e XSk, BLM+QUE 417556 7
RIS A] DA A P A MR (H 4 BLM 4 iR
55 14 KRB 5 0E 20 M 1= s e, A/ o R A 4R DT
5 28 R JIli 2H 2 A i 748 I W sl % | e B it 2
E i | G R e = X NI B
2.3 FHHALIEZh LA E F N4 R

TESS 7 .14 28 RWHEA K o & 3L, BLM 44
B TGF-B1 . IL-1B8 \TNF-a . IL-6 F1 1L-8, 55 X} & 24
bl B, 25 B S22 & L (P<0.05),
R 14 28 RIYFEA S  BLM+QUE 41 1Y TGF-
B1.IL-18 . TNF-a 1L-6 il IL.-8, 5 BLM 41 L%
T, BAZIT %225 (P<0.05) &Rt R
TE— 8 8 B I 5 A W il 20 2148 44k K R &

hE R, WL 2,
2.4 HiREX TGF-B1 F 5K AS49 40 B 18] B %
(tA:b-A

T HRZH P AS49 4EHE1Y E-cadherin 2RI, a-
SMA SEZFTE A TGF-B1 7551 AS49 4 ifd ) Ji
Ak FE5 7,14 .28 K AT, A549 41 I8 E-cadherin
(2K I S FRARG , 7E 55 28 KIh ik ik, 2R BA S
2R L(P<0.05) , [A] ) Xof 1 4% B[R] 25, o-SMA. 1Y
FRKF- I BT (P<0.05) , AT R, 40}
8] 555 TGF-B1 4H L5, A549 il i) E-cadherin )
R THR (P<0.05) , {EAR T 1E# X 4, o-
SMA 28I B FEAK (P<0.05) o 145 1 WA Kz
ZAEEINH] TCF-B1 XF A549 ZH 1% T EMT ()54
A HARDLE 3 3% 3,

B 1 RS EWEEA LU R R 14 .28 Kl
HANLT AL
Figure 1 Morphological observation of pulmonary

fibrosis in different groups on the 14th and 28th days

B2 SARBMHLE 7,14 28 KEY
HE e (15 5t
Figure 2 HE staining of lung tissue of rats in

each group on day 7, 14 and 28
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R2 AU AP T A DN 2R

Table 2 Test results of cytokines in each group

21 51 s i) 5
Croup T TGF-B1(ng/L) IL-18(ng/L) TNF-a( ng/LL) IL-8(ng/L) IL-6( ng/L)
TR
e 310.3+68. 9 58.4+11.7 63.612.7 543.26269. 41 664. 33+59. 24
' 5 14
gt %D | 4’1‘ 307. 5+70. 3 60.2+9.6 59.8+10. 3 548.57+72. 06 659. 24+67. 03
Control group
528 K
Do 312. 7266. 4 59.8+10. 4 60.2+11.5 541.08+80. 53 663. 52+63. 48
b7 822.6+87. 8 99. 6220. 6 100.3+19. 4 642. 54£55. 67 786. 35+89. 20
514 K
BLM 41 ﬁ’DM 1540.3£112.5*4%  200.4£29.3*4 182.4+22.64 705.28+59.28 %4 812.33+83.64 "4
BLM group
% 28 36 A A A A A
o8 1800. 7+106. 4 * 240.7+18.6° 286.327.2" 731.93+67. 08 * 800. 26=80. 14 *
H7 KR
e 813.3279. 6 97.9+18. 8 95.5+15. 6 653. 57259, 41 776. 61=80. 06
i 14 K
BLB;/[M(SEEE 4l %Dl . 1105. 2+89. 8*4 128. 6420, 7*4 149. 4+18. 9*4 659. 2468, 344 743.21+76. 83%4
+ group
/;AE; 28 Ji #A HA #A #A HA
o8 1211. 382, 6 122.5+14.9 142. 1+14.7 604.23+72. 97 702.31271. 29

VE [ — ] Y, S X HRZEAR L, * P<0. 055 BLM 4HAHLL, *P<0.05;[F—2H%], 545 7 KAHLL, 4 P<0. 05,

Note. At the same time, compared with the control group, * P<0.05. Compared with the BLM group, *P<0.05. In the same group, compared with the
7th day, * P<0. 05.

3 qRT-PCR ¥4 ZH A [E) I 18] 5 E-cadherin mRNA ,a-SMA mRNA F HL 3k &l
Figure 3 Electrophoresis of E-cadherin mRNA and a-SMA mRNA detected by qRT-PCR at different time points in each group
£ 3 AFEHPNAFEBHE 5 E-cadherin mRNA .a-SMA mRNA HJFEiA

Table 3 Expression of E-cadherin mRNA and a-SMA mRNA in different groups at different time points

51 SN PR 1R 514K 5528 K
Group Gene name D7 D14 D28
XA
0.953+0. 074 0. 887+0. 083 0.902+0. 075
Control group
TGF-B1 4 . . .
TGF-B1 group E-cadherin mRNA 0.271+0. 064 0.232+0. 055 0.384+0.072

TGF-B1+QUE #41
TGF-B1+QUE group

0. 732+0. 045*

0. 574+0. 072*

0. 593+0. 054*

X HEZH
0. 139+0. 022 0. 173+0. 026 0.211+0.013
Control group
TOF-p1 4 0.992:+0. 089 * 0.947+0. 081" 0.732£0.055 "
TGF-1 group a-SMA mRNA .992+0. . 947+0. . 732+0.

TGF-B1+QUE 4
TGF-B1+QUE group

0. 336+0. 043"

0. 343+0. 029*

0. 409+0. 057*

T [ — i Rl Y, S IRALAEL, © P<0.05; 5 TGF-B1 4A L,
Note. At the same time, compared with the control group, * P<0.05. Compared with the TGF-B1 group, *P<0. 05.

*P<0.05,
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2.5 NOX4 1 P62 EAMRKIL

TESS 7,14 .28 RIFEA K I A& B, BLM 21
NOX4 P62 NF-«xB & [1 7635 i i & = T 1E % X 1]
H, 7ES 7 REGIFEEA  BLM+QUE 4H5 BLM 4
i, NOX4 P62 \NF-kB #H 1 £ ik & A L, (2
ERAREE(P>0.05) (HLE 14 28 KA 45
i, BLM+QUE 215 BLM 41 b4, NOX4 P62 NF-kB
HHRBE WFFRER(P<0.05) , WL 4 5K 4,

3 itig

Fili 7 Ak P Z05 TR 2 24 B0 W e B i 4
Al RE S AW LI 2= S i IR EE A 2295 e DA RO
MR A ) BRAL 2R G e 6 A O, HATIRIR LA
HIARIE, B W 2 I v i &, X

WP 8 g TG 6 T, BF 5% 90E B A 2 e A% 3 0 T
TGF-B {530 46 Az #4230 il i 27 AR A 7 FE 7
KRS S i m, A 2R Ay
P, BRAT AT 2 B Bz 28 068 It 3 9 o B AT — e 2
SR IR ZEAE B £ AL R A ML A
BT HEAEXERRIT 25 . TSKRE R AE Fe™ HI
O e F s 3= A 5 A i 3k, 5 % 4f i Ik A=
DNA i Fg B Ak, S BU M A2 3, J5 sh 41 4
PERTARAE S ™, AR5 R SR R iE T K
SR A A 4EAb PR BS 55 7,14 .28 RMELAS A
L ZUANITS B I 4 HE Yo (045 0, UE I 13
BRIV FHRBMHL kLT, RRVFR
20 PR Bz 3R 6 K BRI £F 4 Ak 48 9 S 1 1Y

A0

4 Western blot K45 £ BUIMTZH ZUA ] ] 15 NOX4 P62 [ NF-kB 8 H R IAHLIK ]
Figure 4 Western blot detection of NOX4, P62 and NF-kB in lung tissue of rats in each group at different time points

R4 AFRAHIRFE S NOX4 P62 Jz NF-xB 3 1415
Table 4 Protein expression of NOX4, P62 and NF-«kB at different time points in different groups

25 B AT EINIPN 514 K #5028 K
Group Gene name D7 D14 D28
X IR
. 0.233+0. 024 0.269+0. 033 0.302+0. 037
Control group
BLM 4 ,
. 876+0. 072 * *
BLM group NF-kB 0.876+0. 07 1. 282+0. 061 0. 882+0. 064
BLM+QUE 4
0. 852+0. 065 # #
BLM+QUE group * 0.674+0. 092 0.597+0. 054
X IR
) 0. 139+0. 022 0. 173+0. 026 0.211+0.013
Control group
BLM 4 _
. 495+0. * *
BLM group P62 0. 495+0. 056 0. 869+0. 061 0. 875+0. 069
BLM+QUE 21
0. 506+0. 049 # #
BLM+QUE group * 0.402+0. 038 0.423+0. 059
R4
. TR 0. 139+0. 022 0. 173+0. 026 0.131+0.018
Control group
BLM 4 _
. 764+0. * *
BLM group NOX4 0.764+0. 089 0.901+0. 093 0. 420+0. 039
BLM+QUE 4
QUE 4L 0. 768=0. 043 0. 43520. 042" 0.2890. 034*

BLM+QUE group

W Rl —mFE P, SRR L, * P<0.05; 5 BLM 4141k, *P<0.05,

Note. At the same time, compared with the control group, * P<0.05. Compared with the BLM group, *P<0. 05.
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SR LI TE i 1) £F A Ak ik A% v A 4 AR
P T 2 i 200 174 2R 41 5 S0 3 RE R Y 2 i Ak
77 1R 2T A Ak A il 2 A R ml s Y TGF-
B1 RMHEF AT J ) SR | & Re A8 {2 o it I
B AR A A b e 2 B R] B Ak A A i 2T 2 A B )
TEBL, TNF-o ] AR 3 58 E S5 i il (1] JoT 248 i 34 5 3
o IL-1B 2 —Fh Ay R P K+, BB 5 5 H & R Pk
K6 . il 27 44k 1) & A 5 22 b 4 L B 4n
TGF-B1 IL-1B . TNF-a . IFN-y NF-kB % {1 53 6 3k
A—EXR, CAHIIEEY] TGF-B1 IL-1B 1 TNF-a
Xof TR 13 £F 2 4 B 00 35 A I 2 2 Ak % 1
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BLET Ak 240 0 K 2t 3R A R M 2 4 Ak 1) i 2 3
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A 20 MR W LA, B 32 A R L e A Y
]G A S BRI, DATR) S % Tk A BT 5 A T RE 4
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BRI Z —  FE L 20 L ) 1 I R B A T 3
SR, B RIR D S B B-cadherin 555 2 40
PR AT 35 5 TR Jo 2 Ak 35 PR R 3k, o-SMA 2 F
T WULEh R A — S A T 2 32 2245 5 40 A 1% i
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it 2

AT AT i 2% T R R A 2R AR Y
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YEF . BFFE4sr  BLM 40 P62 A s T
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LT CRISPR/Cas9 $5 R & Plezl 3[R & 5 /) B AR 7Y

%57%7%1,2, #% 5%1,2’ E%};&l,z,% gﬁm, I il,z,%}%ﬁil,z, E
(LR B R 22 B VL8 M 2250005 2.7 155 i B Sh B 20800 55 8 S Ul Bl Db ] @038 v, Y98 #9H 225009)

[#ZE] B# FIH CRISPR/Cas9 R HNE T B IREE C zeta-1( phospholipase C zetal , Plezl) K i
B (Plezl ™) /NSRS 4555 Plez SEHEMEMNRUE B S BET B, FiE S8R Plezl ZEHS 6.7 M5 F1E
SHERAT S RS PN S B 2 X sgRNA FE 41, 154 2 %F sgRNA LA Golden Gate J7 ¥4/ A pX330A ki, ¥ 7
pX330-sgRNA FLFokE, 24 44 alifb )5, e 3 41 Bk b o id 56 1k /N BRAZ R O SR o, iR TR G RS Al AR 2 B
FO fR/NEUH AR, R HUH R DNA $E4T PCR %522 1 DNA 54047, 38 FO 10584 RN RACEAS R FLARV/NE,
F1 RACH EHH & F2 ARIFAG Plezl FERBLKR/NRLE S5 R, Plez1™™ 5B AERUNRASHE, 5087 Plezl™ ™ HE R WA F
e, &R NI EE pX330-sgRNA F 41Tk, 38 it % & R T 0 22 4K 75 3 5 Plezl™ M B (PlezI™ | PlezI™ |
Plez1™ ) %} 3 FUNRIEFT HAFERIIF & B (1) PlezI™ : Plezl FER5E 6.7 4B F X 38k ELK 3078 bp; (2) PlezI™ .55
7 HNE T KIS 7 bp, 1%/ RAERFE S AR IET; (3) Plezl™ : Plezl FEHEE 6 4N FIX BB 1 bp, &8 FIH
CRISPR/ Cas9, I3k Plezl™ ™ MEPE/INE, Plez 1™~ IEM/INRATE (A S 8742 BRUNGAH e, HAE B RE B T RE

[%@i7A]  Plezl ; CRISPR/Cas9; FF I SE ; 221K B /N B

[FESZES] R-33 [ ERFRIZA] A [XEHS)] 1671-7856 (2022) 07-0101-08

Generation of a Plczl gene knockout mouse by using the CRISPR/Cas9 system

CAO Binbin'?, CAI Yao'?, WANG Baozhu'?*, RAO Yu'?, WANG Chao'?, GOU Kemian'?, WANG Tao'*"
(1. College of Veterinary Medicine, Yangzhou 225009, China. 2. Jiangsu Co-innovation Center for Prevention and

Control of Important Animal Infectious Diseases and Zoonoses, Yangzhou 225009)

[ Abstract] Objective A sperm-specific phospholipase C zeta-1 ( Plczl”™) gene knockout mouse was generated
by the CRISPR/Cas9 system to explore the role of the Plczl gene in male mouse fertility. Methods Exons 6 and 7 of the
mouse Plczl gene were selected as target sites to design two pairs of sgRNAs. The two pairs of sgRNAs were inserted into
the pX330A plasmid by the Golden Gate method to construct the pX330-sgRNA recombinant plasmid. After amplification
and purification, the recombinant plasmid was microinjected into pronuclear of mouse zygote. The embryos were transferred
to surrogate mother mice. After the birth of FO generation mice, tail DNA was analyzed by PCR and sequencing. The FO
generation was mated with wild-type mice to obtain F1 generation mice. The F1 generation was bred to the F2 generation to
obtain a homozygous strain of Plezl gene knockout mice. To analyze Plczl™~ male mouse fertility, Plczl™™ mice were mated

with wild-type mice. Results The recombinant plasmid pX330-sgRNA was constructed successfully, and three Plezl™”
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male mice (Plczl™ , Plezl™ and PlezI™ ) were obtained by breeding. Target gene sequencing of the three mice showed

that Plez1™ had a 3078 nucleotide deletion between exons 6 and 7 of Plezl , PlczI™ had a seven nucleotide deletion in exon

7 of Plezl, which died during feeding, and PlezI™ had a one nucleotide deletion in exon 6 of Plczl. Conclusions

PlczI1”” male mice were successfully generated using the CRISPR/Cas9 system. Plczl”™ male mice were fertile, but their

fertility was significantly decreased compared with wild-type mice.

[ Keywords]

A= B RE 1T R N Bl ) 3 [R] T i A £ B 1)
FI, AN B L 3k B2 B A i LG N 2 i B
PR . PR, SR B W A e AR G
PR R AR B & A 3 R P A SR BIL R R
TN ENE R —, AR 2
B2 AE sh WA 5 o i b 4 T AR RS F I
TAHAR B & B, 72 3 K 1B B2 G B RS T b i e
PR 238 0 il Lk A B3 200 B 5 v, 7 5l B
2000 P S R R G, AT ST IR R A
FERI, FL BN 2 W R IR AR 7 - B0 TRl &
Jo O FNFFSE 2~ 4 h RFEFEERY Ca™ k%, %
I BRI S — I o LR i 2 B T4, [A)
A BH 1 R A B R A

WG C zeta ( PLCL) 42 Saunders 25 7EWF 5%
/NEEE AL PLC B 2% B BT W A, B J UE 5 PLCE
AAFAE T 2L, IF LA HoAth 7 78 v ) BE AR 2%
Fad, B AR E 4 AT N I EF PRI,
P, AT O B AETE X R Y AL B D R B i
(1 C2 ZEF kA > o o EF F5 20 X sl vk i
Ca® BURK, fff PLCC AEH BRI Ca* K H AW
P Mt C2 455 PI(3)P PI(5) P B{—Fh A%
(IR AR AR AT RESE I PLCL 545 8 48 0 I 1)
54O A IEHLIY XY X 55— EF FRIZ5H
WO EAE R, Ak XY 2509 5317 PIP, (B AE 7K
fife Az B = R FILEE (TP, ) 7 A0 P 5 R Ca™ 1Y
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Saunders %5 PLCL T REZ 24061 K 11 A 00
R rp, & B Ca® B4R A B, 1R 52 21
PLCL cRNA 7E AN RUBBBE40 L5 7= 4 T 5 I 5 K
HMZAEFIAUNY Ca™ PRGNS, % B PLCC 31
Ca” RGN Z RGP R EEAEH . R R
ARG TEAEDT g RSN SR B T E 4 & B PLCL
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VRN EERE SEIR 25 T W | Plez] JE DRI A 1
SFHEUNRZE R, R EORE, SE R &
M ZEBR PLCC MR BL T, A 2R 2L Y /N B
S PEURN Z RGPS, P R0 B R R

Plczl; CRISPR/Cas9; sequencing; gene knockout; mice

P, E AR ZHE B LR Plezl DR ke B A B2 75
HA A B MR %4 |8, A5 F
CRISPR/Cas9 4% A #4 & Plez1™ /)N BB Y IF %t
Plez1”" /NRIEATY BRI R Y2 53T Pleal %
I/ A B R b 09FE L, N B Plezl 3
DR AR 5 e () AE B BE ) B RS (SR U

1 #RFFEE

1.1 SCIEEh4

SPF %% C57BL/6 IfEFL 6 H,8~12 JEii%, A& 23
~28 o;SPF 2% C57BL/6 MR 12 2,4 ~8 s, 1A
14~22 ¢; SPF ¢ ICR MER 3 H, 10 Ji %, A 32 ~
37 g;SPF ¢ ICR MR 3 1,10 A, 1A 30~35 ¢,
I B 5 0 K2 A B 2= vl [ SCXK () 2017 -
0007 | , S50 B AE7E 45 PN R 27 45 5 2 B 5 B R 1Y
SR AT SYXK (5) 2017-0044 ], SE50 /1N L XY
T35 T4 M K2 LA B 2 ot i) SPE s s, ot
BEJEHASR H 5.00 am ~7.00 pm, 358 i B 45 il 76
20°C ~25°C, A MoK i, B FE A 1 kL,

By S A0 B A 45 M R 2 | it (NSFC2020
-SYXY-20) , 4% BUSZ 0 Sh W s A 3R U 457
NGB B,
1.2 FERXFS5MNE

pX330A-1x2 ,pX330S-2 KM F Addgene ; PRl
PENYIEE Bpil (41E5:10020723) (T4 DNA % 43 [iff
(41*5-: 10037474 ) Iz FR %V N I Eco311 (5.
0431712) 14 H New England Biolabs /A 7] ;2xEs Taq
MasterMix ( Dye) (#£%5:01031/50351) . DH5« J& 5%
YA (b5 150525 ) B i 4l B Johr /N ) 6 (At
5.50433) 1 [ 5N a0 AR MRk 0 A RS 7
EndoFree Plasmid Maxi Kit ( fIt5: 163013537 ) Il H
QIAGEN ; ¥ i@ Bl il (L5 . EZ6688C178) Iy [ FE [
AR A BR A W) 5 2l AR & (4165 . 123722) 1
H MP Biomedicals; DL2000 marker ( it =
AKFO0781A) 1 | TaKaRa Bio; Spe ik % (41t 5.
EB15BA0006) W A A= T A= T#2 ( i) B A FR

NFEL,
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T100 Thermal Cycler PCR X H 2 E Bio-Rad
/3 #);ABI PCR 4% miniAmp M ABI £ #i.7 PCR {%
2720 5 F 9¢ [ Thermo Fisher 23 &) ; K HE 1600 Y %
e G+ HL ik \HE-90 FELUKAE I [ i K g2k MRk
A BRAA T TERAK B 0 17 7 R 2 A R A TR
N BRI HEEOIL 5424R  E B O 5424
AUEL.CHL MiniSpin 14 H 7% [ Eppendorf 23 ] ; ZHTY
-50 N fH ¥R 37 55 A W B R RS AR
NI
1.3 XLWAHE
1.3.1 %11 sgRNA B sgRNA XUEA

M NCBI ( https ://www. ncbi. nlm. nih. gov/) I+
i 3] C57TBL/6 /NN Plezl 35 R Y F %1 ( NM _
054066. 4) , H F5— Mg F A FAE IR, KL
ARIE M AN A 8T I GRS v A T 50 IR AR
EHY A kg sgRNA B3 B B3 (hitp . // crispr.
mit. edu/ ) 7E55 6 .7 HM BT F1EEE sgRNA #5751,
VP& A3 1 2 4% sgRNA |, I 75 3 3 4% o FR
HlE VTG Bpi T BEUIAL 5, o SR A BRA 7l A %
(Anze 1 fiiam) . Hodr  AniEl 1 R A0 3 R E R s
&, Plez1-sgRNAG 13 T Plezl F:H% 6 488 T, Plezl -
sgRNAT {57 F Plezl FEREE 7 4h 81,

WA B B S M RS 45 8 L, Taq
DNA Polymerase Buffer 4 plL 1E PCR B RS ,:l}f//ﬁ‘
PCR i A JZ )% :99°C 10 min, 16°C 10 min,

1.3.2 pX330-sgRNA 20 2 1A A+ 2

W 1B K BE % AT IR 43 i 4f A pX330A Al
pX330S A, SR R 3 2 w25 ng/pl pX330A/
S #iA& 0.3 L, 10 wmol/L iB K SERFFAZ 0.5 pL,
10xT4 DNA &S th W 0.2 L, Bpil 0.1 pL, T4
DNA ¥ 42§ 0.1 pL, TLHE &K 0.8 pL, #17
PCR ¥4 52 % :37°C 5 min, 16°C 10 min #£47 3 M
GG, 78 37°C F T8N Bpil B 1L
1 h, BI 15 2] % 8 77 ¥ pX330A-1x2-sgRNA6 5

T 1 Plezl FEH A1 07l LR SRR

pX330S-2-sgRNA7, I TR e 5%
1.3.3 YR S A

B4 VR I I 25 A M 1 kv b, R sz A A
MIAE VK Rk |, 768 i £ e ) Bz 25 41 R
AR Y, ARl R R WATIRS), & Tk b
30 min, 42°C#h 90 s, TR B0 A R 2 KT
o VKBRS 2 min, 7RSS BRIV ELOE TN
A 700 pL TR LB {55, RGPk R IRA R
BT 37°C ?%%,220 /min R EFE 1 h [T KE
Tho TERBEEETEL S0 pL O & A0 0 R SZ 25 40 i,
F% Amp 30 Spe LA R MY LB [EK B AR 1 77 5
e HICTE R A Bl TR X 210 I B2 T4 51
BEH,37°C 12~16 h #5353,
1.3.4  JFoRipyfei 5 5w

FHCHR 3 J5 AR Sk PR AR 85 5% 0 TR 7%
AT 5 mL Amp 2 Spe U4 F 19 LB ARG HE
FEILE T 37°CHEIR, 220 r/min PR K5 3% 10~ 12 h,
PR TR B, AT TR VRO JBORE /4 3 7 B
ks, B R SR RO A B O (AR T,
13000 r/min B0 30 s WL R RDLTE, Rk 7 L
o AT AR DUVE B0 4 hoim A 250 pL %
RNase A [ Buffer P1,{# F iR BESRZ %5 70 /01 5], =
TFHERDIIE, IIA 250 wL Buffer P2, #2524 |- F i
EIEAT 6 R, FEAM TR S0 AR 247 | MR A5 15
THESRPE . A 350 pL Buffer N3, 37 B2 240 | F
W ST 10 UK, 4R AT, BEE R 30 8 2DIRTT
JE, 13000 r/min #5.0 5 min, I IS

R 1 Plezl JER sgRNA B BRAE
Table 1 SgRNA oligonucleotide chain of Plczl gene

Hi R B sgRNA P31 (5 -3")
Target fragment sgRNA sequence(5’-=3")

F: CACCGAGATACACTACCGTCTCCAG
R: AAACCTGGAGACGGTAGTGTATCTC
F: CACCGCTTCCTATCACGGATCAAGG
R: AAACCCTTGATCCGTGATAGGAAGC

Plcz1-sgRNA6

Plcz1-sgRNA7

Bl 1 Plezl FFHIE R L5 ( NM_054066. 4) Fil CRISPR/CAS9 HIHFE 5]

Note. Exons are represented by vertical bars.

Figure 1 Gene structure of the mouse Plczl gene (NM_054066.4) and target sequences for CRISPR/Cas9
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FI T 2 A USCAE A 1 W B A ( Spin Columns DM) 1,
13000 r/min 5.0 30 s, 4505 4 1Y R, 1 ¢
FRPAE EE B M B A8 ) I B A oA 150 plL
Buffer PB, 13000 r/min B5.0> 30 s, [ Wz B Ao A
400 pL Buffer PW, 13000 r/min &> 1 min, {8 #5015
PR, WA E T AR LS T,
[ia] W B R R DSR2 i A 60 L. Buffer EB, % ik
# 2 min, 13000 r/min 250> 1 min, B FORL A TR IR
FNBLOE T, -20°C IR BURL, TTRLI% 2 R nt R}
YR A BR AR HEA TIN5 00 51 4 R i F 5 1
U6-F,
1.3.5 Golden Gate assembly

TR HERL ) 2 A Plezl FER 20407 15 59 CRISPR/
Cas9-#% MR Bl 2% 4%, K5 I /¥ 1E #f 19 pX330A-1x2-
sgRNA6 5 pX3308-2-sgRNA7 45— | B4~ g fA v
# pX330A/S A Eco311,T4 DNA 5 10x
T4 DNA ¥ B2 MR AE PCR 45 TR &, IR 47 4n
THAEEFRY : 37°C 5 min, 16°C 10 min #FFT 25 4>
PEIR  IEIR I I , 7E 37°C F BEAT A AN Eco311 1
16 1 b, BIAR 2R pX330A-2(WN1E 2 Fron) 1]
FIRs A%,
1.3.6 SRS

TN AE B G Ok 22 440 e, R S KRG B 2
3 ng/pL AFT-20°C# . # S PMSG Al hCG
) C57BL/6 MR (44 ) 5 C57BL/6 HE A%, [F]
IPRF R TE BT 13 R 10 ICR M RS 250 0 e B A
AT AR 22 e B (244 o Ak 5 8 5CHE DI 1) 44
W R, BBCHS 32K B, ol P S Bl S SORE SR v 5 3
ZHREOR Az R 2 M B K SRS IR A 2 A7
PRBREL Y, 3 8 B Al B 1 2 A4 ik BRI A RO
FANER
1.3.7 SRR /N B A i

PR LR 4] DNA it PCR A H 89 F
B, M SR AR A RA R A R
seRNA B934 (% 2 frn) . PCR AR . 2x
Es Taq MasterMix ( Dye) 10 pL, F (10 pmol/L) 1
pL,R(10 pmol/L) 1 pwL,DNA(<0.2 pg) 1l pL,
ddH,0 7 pL, PCR N FE)¥ . Fil A5 4 94°C 2 min,
AR 94°C 30 s iH Ak 60°C 30 s FEAH 72°C 30 s, 1
33 K AGEfif 72°C 2 min, PCR ¥ 3™ ik &
Mo R AR BB A BR A R HE AT IR, A
SnapGene 3K 1F50 17

. A B SnapGene #2141t
B2 pX330A-2 ik EE
Note. The picture was support by SnapGene software.
Figure 2 Plasmid map of pX330A-2

&2 RN E R BRSIYFES
Table 2 Primer sequences for detection of target fragment
GIL BN SIIFSI(5°-3")
Primer name Primer sequence(5’=3")

K Plez1-sgRNAG 5|4 F: TTAGAAAATCACTGCTCCCCTG
Detection of Plczl-sgRNA6 primer R; GCGTAGCAAAACCATCTTCTCT

K Plez1-sgRNA7 5% F: TATCTGAAACCCACGAGAGGAT
Detection of Plczl-sgRNA7 primer R;: GAAGAGGAAGCTGACCCCTTAT

1.3.8  Plezl” HEM/NRIRFE KT

ZEH T Fo /NG, SEPA R C57BL/6 /R
G, 58 F1 RGN RIER LG fai &/
SU A RS A /N R ali G R A AR A ARG /N
SR LA B T A R A AR D A A [ i R AR ] A
8 IWETH 1B AT Plezl 52 DR i 5 HE P /N BLIY
HEHE
1.4 2%#;7'7‘;‘5&

I FH IBM SPSS Statistics 22 Siit# b #4758 11
2EOPAT, AL R R EL AR R X U ¢ R, 0 DA
R bR EZE (x+5) B, 2 P<0. 05 BFRIR 22 57

At E L,
2 #R

2.1 pX330A-sgRNA EAH K
H 4 )5 51| Plezl-sgRNA6 Fl sgRNA7 5 # {4k
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pX330A ARGz i 7 5 e sk H g3 I
FH SnapGene B/ EAT 751 LT, 45 5 2% BH IE ff 4 A
PIXT sgRNA J751 (& 3) .
2.2 Plez] EFERER/INR BN F ik

AT SZHE I 82 K, Wb 0 I IR 54 4%, IR
SR HICR 324K (€102 ,€103) , Hid €102
FZREAE 6 H 45 1~6,C103 Z K41 8 W5
Rz, PCR P71 40 sgRNA 19 | BeJm it 47
iR BHEE I L Pk (AN 4 BT ) HL K A R R
JAS I sgRNAG B8 sgRNAT 59347 PCR 973 ,3
SN HLIK SR, KA /N B IR AR R/
289 bp; 1 KM sgRNA6 L7514 Fl sgRNAT
W5 9iEAT PCR 7384 ,3 5 /NERU7E 268 bp 4k 7R
K& . AT 3~4 IEEH 3.4.5 5/hCH
Plezl BN EBR/NEL, 43590 M2 (1) Plezl™ ; Plezl &
K5 6.7 Hh i F X I 3078 bp, fE 5 295 P2
FERRAC I 05 578 5 (2) Plezl™ : Plezl 5EH55 7 4
T IX BB 7 bp, 7E5F 356 DR FERR AL T 1R 548
Z/NBRAE WM IR B IE TS, (3) Plezl™ ; Plezl &
R 6 4h 7 X328 1 bp, 7658 295 > & FE R
I FFHR 9 A o [RIB TR Plezl™ | Plezl™ 5 Plezl™

(A PR e 3k = AR i U R (I S5 A B (an il 5
7R : Plez1™ F Plez1™ /N PLCE &5 HAE X 45
e 3l b 77 A B2 Plezl™ /NER G PLCEC A5 HTE X-Y
X AR
2.3 Plezl MM RNEBTR AN

3 MK 4 BoR T/NEL PlezI™ F PlezI™ J5At
MIAEERES . G5F L, PlezI™ I Plezl™ MRS B
A= TR FRASTC AR 1T LA AR I AR, (5 B A TR A R
(8.5+1.4) FH L, J5 AR ECRE W 58 35 PR R AIK ( Plezl™
2.5+0.5;Plez1™ ;2. 3x1. 1), [A]i 55 5 A= U1 B AR
(2R3 100% 5 JEARFET- R 4.7%) , Plez1™ T B
ZAEH 13. 3% ; Plez1™ TR Z KK 50% , J5RAET
K 24% , Plezl™ HEFAN Plez1™ Wi FRACHD , Ja U8R
W B B VERRAR (3. 0£2. 2) |, PlezI™ MERSZ K 2 30% ,
JEARBET #5135 100% , 1 Plez1™ HEFS Plez1™ M
AT JE A, I AT UL, Plez1™ 1 Plezl™ i
BR AT LUFIAS [7] 35 PR R0 B A7 3 I, (F G 32 0 %
AR DL R T- R T M, 45 R R,
Plez1” ME R H AR EL 0T L= A J5 A (R AL B e
BEME T, IR Plezl™ 1 RREE Plezl™ T B2 K
B = SR v e SR

T < A sgRNAG (9 4% 52 15 UM A (A 17 50 L 3 B 2 sgRINAT (900 F7 465 52 15 OO RA 22 149 2R R 1 2 90 LU
3 AP

Note. A, Sequencing results of sgRNA6 were compared with the predicted vector. B, Sequencing results of sgRNA7 were compared with the predicted vector.

Figure 3 Comparison of vector sequencing

®3 D Pleal™ JFRAFRESI SEL (x2s)

Table 3  Fertility parameters of mouse PlezI™ offspring

TR (%)

Fertilization rate

A2t Crosses
e < EPE Male X Female

WT(n=6)XWT(n=7) 100. 0
Het™ (n=16) xHet'™ (n=15) 75.0
Het™ (n=6) xMut™ (n=7) 55.6
Mut™ (n=15) xWT(n=15) 13.3
Mut™ (n=17) xHet ™ (n=17) 17.7
Mut™ (n=10) xMut™ (n=6) 30.0

FEAF BT EL RS FAFEL HAMFSET 3 (%)
Number of litters Litter size Infant mortality rate
10 8.5+1.4 4.7
25 6.3+1.5™ 21.0
9 6.9+1.5" 16. 1
2 2.5+0.5™ 0
3 3.0£0.8 0
3 3.0+2.27 100. 0

SRR NRAES PP L, ¢ P<0. 05, P<0. 001,

Note. Compared with the litter size of wild-type mouse, * P<0.05, * P<0. 001.
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1 .M. DL5000 Marker; WT: B4 % 1~ 6. JEAL/INELE9 U DNA,
4 PCR BEX5E /IR Plezl FR A8 5
Note. M, DL5000 Marker. WT, Wild type. 1~6, Tail DNA of primary mice.

Figure 4 Identification of mouse Plczl gene mutation site by PCR

TE A CE B Plezl (Pleal™" ) SR 3E RN 3 M IRBK S Pleal S 3L I8 HYSEIN ARSI LU , ERARZL 0 LK FE 515 B D F . B0 1 BF
AN PLCE 2 1 (PLCCYT) RIZEZE Y PLCL™ (B) (PLCL™ (D) LUK PLCL™ (F) A3 3 P 223k i U 2R 11 O 25 A 3
B S /N Plezl™ PlezI™ VI Pleal™ 5878 SN 3 (19 35 53
Note. A, C, E, Comparison of genomic sequences from wild-type Plezl ( PlezI™") allele and three mutant Plezl alleles harbouring nucleotide deletions,
the missing sequence is marked red by a dotted line. B, D, F, Predicted protein-domain structures for wild-type mouse PLC{ protein (PLCL™") and
truncated proteins resulting from expression of mutant PLC{™ (B) , PLC{™ (D) and PLCL™(F) alleles.
Figure 5 FExpression analysis of mouse PlezI™ | PlezI™ and PlezI™ mutant alleles

x4 R Plezl™ JFIRAEFRESISE (225)

Table 4 Fertility parameters of mouse PlezI™ offspring

ZCHE Crosses ZHER(%) PR B AR HAMFIET= R (%)
HEPE P MalexFemale Fertilization rate Number of litters Litter size Infant mortality rate
WT(n=6)xWT(n=7) 100. 0 10 8.5x1.4 4.7
Het™ (n=10) xHet "™ (n=11) 80. 0 13 8.0£2.3 14.4
Het™ (n=6) xMut™ (n=4) 75.0 3 6.7+1.3 10.0
Mut™ (n=13) xWT(n=22) 50.0 1 2.3:1.17 24.0
Mut™ (n=9) xHet™ (.= 10) 18.2 2 2.5%0.5™ 0
Mut™ (n=5)xMut™> (n=5) 0 0 0 0

T 248 Plel ™™ B Pleal™™ 855 8045 Pleal™ 8 PlezI™ s WT 352 R VRV N B2 IRDAR 08 2 () SE DM RV 7 A TR, 5 5 26 /N
BB BS P AT L, ™ P<0. 001,

Note. Het, Plczl™™ or Plezl™™>. Mut, homozygote PlczI™ or PlczI™. WT, Wild-type. Mating pairs were set up between males and females with
genotypes as indicated. Compared with the litter size of wild-type mouse, ™ P<0. 001.
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ANZERE S — Tl s e 55 Ve T Lo PR 2 2% R 2 1A
RGN, A BRIG R EE W, & 7 SR IA A
I X PIARZEAR T B R 2% N Bk 7
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W [H 45 4F A 20 1000 %R A2 # ) H
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mt /N BUBRIXT BF 98 PLCL FE4E T A0 9R-BE 20 it vp
IR AT RETE VA P AL, LA S 3R AN 220 1)
WIEIRIT T R EA IR X,

I 2 DR 4 S8 1) B RS D 4 2 i A T R 2
AT B 4 2 — . CRISPR/Cas9 % 4t i
RNA 5|5 00 8% B Bl U1 1AM IR SR ) A g T A
FER g AR , B Ty T il 5 i (030 1) 8% LA
Bt 22 o 35 R 20 4 8 A0 6 S R T
i,}ﬂzzliﬁﬂfﬁm] . Sakuma %" /] CRISPR/ Cas9 #4
W RGN £ KL DR 21/ 36 LR DR 2 4 B | [R) ISR
TG/ 2 A A SR A T A &R R W) ok %
Golden Gate 2k 1A #4) #t Jy 2, fufi 44 4t o 4 58 Jonn 5
F22 . SH{EIF CRISPR/ Cas9 11 1) %134 % | AHE 5%
VPRI A A D sgRNA 5 H B R 5 51 45 e %l
B R N, HLAS A A 0 0 N, T B A o
CRISPR/ Cas9 HF e, PRI Sy 711) dt A, 42 52 i g 808 2 74
M) —A R 2, Fe KRR B s /b B ¥R 28 748, e Ah,
HWaF A Cas9 52 sgRNA — 2 ff F L3, ml
BT Hb 52 B sgRNA I A5 2 [8) 1) K 7 B il 2 %
>,

I S o e 5 7 2 4 R E S B IR G A
H2 21 d JF,6 HOF0 AR/ AR BUE DNA 25
PCR 5 BB WHEE A A K RTI  43 M7, SERH 3 H/NER,
H Plezl FEREI I EEH Plezl FEHEFR /N B
BEA WA B, Plez] ™™ MM /N B4 1) 5 5 A 700
PN S, 25 W Plezl ™ HEME/NR AT L EF G
AR B B A R /N B e R = A 8 i 3
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eHE

H AT, A 5T 34 ok i = A0 50 B 440 M 38005 3 A2 1
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H A I B AN 8] 1 S0 T AR AR sh i G
1717 B AE A 1 N T 38000 R0 4 L R i IR iR 1) &
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FEBCE G BE 4 A 5 ORI oy R B b R
YER . K5ONELEG S, PLCE 3l 3 kG 13k A DN 5T, I
b PIP, KA 1P, 1P, fil & I ZARMIL P Ca® BETL,
FEAE A LT Ca™ PR35 , 5 8000 F30G , i 3
JRRE & B3 . Nomikos %5 UF B 7E KA T BE R 1%
[ PLCE N BE S8 B 0 1 40 B vb S 00 S 4 A
PLCL, W] LAAT R b 400 ORI BT, R IE R B &
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WERA 7R B U0 BE 20 M 3% OIS 0 R, SR A T A
ZRG AT LA A G AR, 5 AR SCHF o 45 A AF, A AT
P A RUME B, Plez1™ e BRUFE 32 RE SRR B I
B EVE NI SR AT AE S 3 A O /N B DY G B
AN A 77 R ME , T TEXT Plezl %5 IR /)N B oE
FFRABIBHLHRIB ST, AR, Dai 250 JIF B 41k 45 4
AR SRS T2 32 Bl E Kk KK I# PIP, ITIRE,
SERH M Ca™ P , AN REBE UR B 41 1 32 K5 %
. Unnikrishnan 252 F 1 PLCZ 7EX5 T W) 43 4
FERFE R AR 7R 22 5 78 Nk 7 3k 3B iy T 1k |
A B AT X 38, DL % R0 IX 38 ; 76/ Bk 7
A TR RN A J X35, (H , PLCE RN TR 2544 IX 5k
P PLCL /27 B BILTRI, LA KX 45 73R i 1 2
YEFHMATERE

ARAFFEFI ] CRISPR/ Cas9 2SI 11 Plezl K
PRI (Plez1™™ ) /N Sy itf— 2B 487K Plezl 3
PRl e 2 5 850074 A A o A 9 WL o 2 (S B A i [
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FEGRRE A0 00 o A o 1R AR AT R AR VR 2
W)L, BT ARG B — SRR
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Research progress of Yanghe decoction for the treatment of malignant tumors

HAN Yicun', WU Yingshuo', SHANG Yiwan', CHEN Yulong"*"
(1. Graduate School of Henan University of Chinese Medicine, Zhengzhou 450046, China. 2. Henan Key Laboratory of
TCM Syndrome and Prescription in Signaling, Henan International Joint Laboratory of TCM Syndrome and Prescription in

Signaling, Academy of Chinese Medical Sciences, Henan University of Chinese Medicine, Zhengzhou 450046 )

[ Abstract] Yanghe decoction is derived from the Qing Dynasty “ Waike Quan sheng ji”, which has the effect of
warming Yang and replenishing blood, dispersing cold and clearing stagnation. In accordance with traditional Chinese
medicine, Yang deficiency and cold phlegm condensation are major mechanisms of malignant tumors. As a representative
prescription of warming Yang and dispersing cold and stagnation, Yanghe decoction is widely used in the clinical treatment
of malignant tumor, especially in Yang-deficient cancer patients. We analyzed CNKI, WanFang, VIP, SinoMed Chinese
Biomedical Literature System, PubMed, Medline and Embase database from 2001 to 2021, found 225 articles with the
topics of “Yanghe decoction, warming Yang method, malignant tumor ( cancer) , and network pharmacology” , and sorted
out, and summarized 94 relevant articles. This review summarizes the mechanism of Yanghe decoction from the aspects of
their theoretical origin, clinical observations, and pharmacological research to provide a scientific basis for the clinical
treatment of malignant tumors.

[ Keywords] Yanghe decoction; malignant neoplasm; cold phlegm condensation; mechanism; network pharmacology
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Wil C 2R H KEBFF 0 ILJEMIE P)IRST
CD20 FHPE A 5K 8 K B 4 i bk 8 96 98 % 358 i i 8
HUY B GP R (A P E N ) 1R I
HE PR P ST /N g £ T A A 7
Bl IR BRI T B 2 B Y B S BT  2
i G 1B R A 3 I J R R SRR AR LA
FTTR, PTG ST R BT e 2 245 ) %) 15 P
P, PR AT SE S v P IR 455 A T 0 1 I g i A1t
T AT EE Bl R

3 PHAZMIEMAR

UEAESR , BHANZ FE I IR 1 17 3508 Ak 22 2 5 %t
HZY =AML UEA T T E, X6 BE AN B VR AL A
FEAWITR A, [R5 4 19 4% 24 32 - B W i FL ke 4
FHA F2 2o AR FTHE A5, LA BHAN T B0 1
e VR FA AL
3.1 MBRHEZEHR

D 245 24 B2 1) % Ji8 Ry v B 2R YT B B T
T JEL BRI A A T A 1 SR S AR e R T R 2
(A B804 IR & 4 S B A P 18 /N 437 45 T 1T &
PEBBEEMAEA, LB A 7 08 R T W 2580 5 1
BRI, PG Zeng %' IR, FHANZIAYT HER2 FH
PEZLIRSE , JRR R 2 9 R FE TR G 28, TR R R
FEAEFIM B2 2, 205 &4 383 i &gy, L
HLZSE B-AF 8B SR S B B R R E
MR OREBER LR E AR Mg aER A
FERR H B A R A SRR B RE 7 - A -
2-HIEL R St H R R A I-FEEX TR U
B ISR T LR Th R A BRI, R IRYT
HER2 BHPEZLAR I A 224 4177 % HER2 FHME:
FLAR I B WS 05 S A 11 A5 T
RAS PI3K-AKT , MAPK . FOXO , P53 . mTOR , Toll ¥
ZR VEGE M 3 DL % i S IR I 52 A, AR
JA1, EGFR \FOXO i % 55 240 it J&] 191 A i %5 U0 A
S PIBK-AKT 5538 #% 2 5T 25 HIF-1 {2
HET R S %) VEGF \MAPK 2 5 8 1
FERS T BH R 45 4 5 b R A D) %
R, I I 45 245 P2 Y00 A L e S i AT AR
ZYHF A R o MEATIE S R B 5 1w 2 v (A
RO AT AR R R 2R AT i A 5 PI3K/AKT  MAPK/ 4
B 4 JH 95 B H P 1/2 ( extracellular regulated
protein kinases, ERK1/2) #l #il A FL % 8 40 i /0
EGFR {55 %, fe il il {5 515 3 5 57 s s
F 3(signal transducer and activator of transcription3,
STAT3) 4% 5 5 45 /N B, MDA-MB-231 #4898 1)
/IR e T S R R A aE R AR
DU s R A i R0 28 i PI3K/ AKT 3 56 2 7%, DA T 4100 6
SFLIRIRR A0 A A A KRN ST M ST L
P& AKT/AMPK/mTOR 15 5 18 #% , i n] $1 ] by
WA A TR IR, AR VEGFR-2 (3351, pkE 2
V1R 35508 A R s T 0 741 P 9 00 i 38 5, - 3 o £
R & 425 5 40 L N IS PE % (reactive oxygen
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species, ROS) MR RBEANMIAT"*" s 2t 24
ARG B-4+ 1 BE B F pS3/NF-kB/FL MR Hi it 24
#5 H (breast cancer resistance protein, BCRP) {551
3G Z2 2T 240 5 W] DL BRIy i B2 ) HA i
iR RIAE T, 42078 HIT A2 R ARy 7 e R
3.2 ERMSITR
3.2, 1 ATl 200 B A A EL T A A ) 20, ke a2 e g
AT

X 2 W 5T S, BH A7 5 24 00 E ok LR 98
MDA-MB-231, MCF-7, 4T1, SK-BR-3 4 i, & %%
MGC-803 ZUAEIIAT Al 41 FH , I fE 52 i 240 it J&] 391 5
Ay 755 I 20 M O T, R A S SR A B R Y
IR Y AR AR LRV AR KR R 1
(early growth response 1, Egrl) /40 i 53] 85 H K #6i
PEANI PR T (p21) 5 538 B Dy LA, P38 BH Az %
i 96 A ML TR R e O HRBH AT AT LR 2
= LB g6 40 L MDA-MB-231 (1% 389 5, ffi H 7
G2/M WIBH Y, 75 SR T VR FHALSI AT Be 2 i i
I Egrl/p21 {5 5 il B R AEHURAE I ; FHFNZ REFRAIC
Bel-2/Bax HoAH | B MK AKT , mTOR % 2 1k %, 31 il
AKT .mTOR )9 Ak, T #01 ] AKT/mTOR {5 538
BEE ST S Y A T BH RN 0 2L A e
B 53— L AR 2R N EZH2 S %R T B
(nuclear factor kappa-B, NF-kB) B3k, #i i — &
TEANAEAZ N 45 &, DT80/ T 308 AH G R 7~ 19 2 6
SR FL IR B S5

BRFII77 410 o] e 3 4 5 19 4 T BIL 7 AR 22 2 0 o)
PI3K/AKT/mTOR 15 53 # AH 5C 25 [ 19 85 iz 1k 7K
SO A 2 43 24RO B LR (p38)/
STAT3 {54538 ik A2 o 9 4t MO U 117 04 JAKY
STAT3 i 55 (H B PR MR TR E
3.2.2 JEIMOR OR

JiJRE f ¥4 3% (tumor microenvironment, TME ) H.
A B AR RAE ) e 3 RARE,
TME 5 B 4 5 A2 K Ji& | JE Ak e 7 2 S 2 18 S AT 4
PIMCR IFFE R B RCIRAS S HIF 23
NlF VEGF {5538 i, s i A= B Az Al
B EFRAT HIF-1a 19 mRNA L2 323519, HLAEHD
) 5P M 200 4 5 P B RE ) R I A A BLRE T R AT
VEGF C 1y 33k, W80/ B 26 158 T8 i . ) e 4F
A0 o) WA LT PR 1 AL T BB S A M R PIK/
AKT 58 % AL A 5 BH ANz BE A 9 22 Fh R Ak
FHOGIR 19 430 2 3, 4 11-2/4/6/8/10 \ TNF-o/

B IFN-y IR 2 (COX-2) ZE 1% A5 304 il fip
AL A1 2B ST S AR T R AR ] 2
L AR NF-xB i 3K G 9 JAKS
STAT3 3 % 52 LAY 88 ke U 14 410 1 44 40 e
MDSCs i [a] JEFE BILAA 4 B 928 107 2, P 2ok J70 38R H 928
JS2 AR 2 I R AR A 2 1k 3t | BRI R DA A
Fh G e ], SR BT IR G IV o Mao 5% SIE 512
PRz W] 3 25 AR g SR B 4 R 9 MDSCs 175 &
—S LA A BE(INOS) (1L-6 \ TGF-B Ay £ ik, A}
LGN NKT ,CD* T 41 i IFN-y 3G 15 k55
AR T 1(STATI ) BRI, 056 S el ; 2
SO R BB HE AT S180 PR /N R AG R FE S
i FERE S, B3R ATR e % /0N Bl B 82 2 I 400 5 3
/N R DIRE
3.2.3  4idDEmANM R R, T UM B RS

IR BT 24 240 ML ( CAF's ) 2 M oy 5 B 1)
B NSy, v B EEE S EMT, {8 iR 40 it 31 A5 5
B AR ZERE ST AR 237 ROA ) 7> IR SE , BH A AT
A PEARRR B 20 2 P TGF-B1 mRNA B CAFs [
Fe35, ETY ) 785 8 A 40 3 E B (A ( Vimentin) | N-
E54% 25 F1 ( N-cadherin ) | % 5t 45 J@ 25 1 B ( matrix
metalloproteinase, MMP ) #E 1§11 ] EMT i #2 , BH 1F
FUBRIE I 5 7% . e Ah, e 5 R AF AR K T (insulin
like growth factor 11, IGF-II) | L-3% % % ( L-Selectin )
BN S ) O s 2 N s i = R e 2
PPN a1 HIF-1o/IGF-11 5 538 B K% L-
Selectin [ IA I LA A0 M 3G A 5% 7% St T
SEUSURaR R EET B R T BH RN I 30 ) PR R EMT
() o — B ZEHLH, BI  EMT 3 2 7 2675 19 NF-kB
(26 IR . Liu &7 DI 0 ] 88 10 5 T i )
AR 2 BEL L e 200 i 42 28 19 J - B, I B R AN
ALIE LT pAKT 15 5 5k 35 00 1 Ao oo i 78 A2 i, DA
17T RAEARK e 44t e 1 42 28 1k

JEERE Y — 2L ™ TR W o 1 B R 1 XU, 7 Ut
R, B R P E (Osteoprotegerin, OPG) 1Yk &
REEATR, HH R 55 B % 25 AH OC 2R 1 ( parathyroid hormone
related protein, PTHrP) fil RANK-fit {4 ( RANKL) /)
FEkmBIIN, PE— A R AL R X AR
P AT S RE S A — e B AR R
B AR RN 245 e IR AR T B AN X RS
P N LR s i e RS AR 118V T B AH 5G9 (A
T - BH N0 B e B AR OGR4y R 7~ B
YERT, Al {22t OPG, # il PTHrP . RANKL 315, A
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Table 1 Mechanism of Yanghe decoction in the treatment of malignant tumors

FEFIBLE S W AR S B N T E= PN
Mechanism of action Cancer types Signal pathways and factors Reference
B AR K RO X L 240 i ) 30 0 4
FLIR I BT (Egrl/p21) (1) [52]
Breast cancer Early growth response factor-1/cyclin-dependent
kinase inhibitor p21(Egrl/p21) ( 1)
DAL BN LI 2D g g ,
Mgl Breast cancer EZH2/NFB (1) !
Proliferation inhibition, cell cycle arrest and
induce cell apoptosis FLIRE PI3K/AKT/mTOR ( | ) [53,55]
Breast cancer
FLIRE ‘
Bre;%t cancer p38/STATS ( b 7
AR e B e
;L%{;‘%E‘ EE‘HTE RYEFEF 1L-4/6/8 TNF-a,COX-2,iNOS ( | )
reas canc.er, e Anti-inflammatory factors 1L-4/6/8, TNF-a, COX-  [66-70]
cancer, gastric cancer, .
, 2, iNOS ( 1)
liver cancer
LI R AT S (| ) -
Breast cancer Monocytes/macrophages autocrine pathway ( | )
W RIS R O ROREE AL ,
. o . IFN-y/STATL ( 1) 58]
Ameliorate the tumor microenvironment of Breast cancer
hypoxia, inflammatory response =] R
’ FLIRE -
and immunosuppression Breast cancer JAK/STAT3 () (s8]
LI PHD2( 1 )/TGF-B/CAF( | ) (7]
Breast cancer
it JESE Th1( 1) /Th2( L) Hefl (1)
Lung cancer Regulate the Th1( 1 )/Th2( | )balance
FLARE HIF-1a (1) (277
Breast cancer
;Lﬂ%}f& MAPK/ERK1/2 ( | ) (451
. reast cancer
A0 LA 2 -
Inhibition of tumour angiogenesis P VEGF, HIF-1a( ! ) [73]
Sarcoma ’
2L W4 R O(MMP-9)  ( |) “
Breast cancer Matrix metalloproteinase-9( MMP-9) ( | )
LI o
A AR Bret cancer RANK/RANKL( | )/OPG( 1) :
Inhibit the invasion and metastasis of cancer cells 2L
AL Smad3/NF-kB ( | ) (761
Breast cancer
IR c-Met/NF-kB/CXCL1 ( |) 77
Breast cancer
LB Fas( 1 )/FasL( | ) (83]
Breast cancer
Prevent ali lesi AL FGF-2,Flk=1 (] ) e
) premalignant lesions Breast cancer
Breast cancer Ki67, p53, eytochrome C ( | )
5 iR A 21 H Il B (04]
Induce cancer cells differentiation Leukemia Unknown mechanism
S R 2 24 LA -

Reverse the drug resistance

Breast cancer

ER/PI3K/AKT/mTOR ( | )

e | FHANAINENZAE S W 1 BRI 20 SE .

Note. | , Tt indicates that Yanghe decoction negatively regulates this signaling pathway. T, Tt indicates that Yanghe decoction promotes this signaling pathway.
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T4 ) L BR R B e B, 1T 0L BH RN 3 RT3 O A )
RANKL #ERIGY7 510 B i 5 B 1A EH
3.2.4  TBHEARTRAR

F W e BRI IR T 9 A0 A8 2 S R IR e SR T
DR Y i L2 e o = 2 7 Ut Dy T B R i A
B ZREE A A A BH RN 3 A0 OGNk 5 e i
THPET-ZAK Fas/FasL A1 bt & W2 25 11 i ( caspase3/
8 ) YIRS IO 4 A 3 5 K i S 0R T, BELT LR g
AR 25 AT DA o g i A A B
11 32 )WY BH R0 150 97 s i A8 B ML, T 8 ol 4
WA VEGF 3244 (Flk-1) K fidi : pl 21 2k 4
MK K F 2 (fibroblast growth factor2, FGF-2) i3
IR X I P B2 A0 1 A A R B s R A, 91 7
A A 1 TR B, DT 306 % 2L Mt s 98 106 72 1) K
A B AR O RAR Ki67 Y g8 Ps3
AR TR 88 Dl 40 i R TR 2 o o 2 G 900 i 28
AU EEHLH] PRI AT L, B3 0 ) e P e g T
3R 74 = I 30 e T S s £ B ) O T B BEL O A S 3
HESTELRY
3.2.5 HE

UTI , A WIFFEAE 52 BH RN 9 AN AN S5 386 50 11 fob
T A0 AVE R, HOX LR T 40 i HMLER9Oh [m]FE
FLA IR AL T 68 -5 30 6 A% 5 0 20 i 5 oy
JOATER 1% 6 0 4B TR T T T A AR B R 90
(CD90) "™ Jidgg Tirf 245 & 5 IR I 2R W i 3 2
B R EE B AR YT R T R T 24 1) SC B SR g 2 —
BHANZ Al G B R Y B IR i 2, I RE Y
SR 2 R B PR IT RO S AT RE S T T ER/
PI3K/AKT/mTOR ##§A5 5¢ A Hii8 3= W FH A1z %t
F1M9% HL-60 K562 4 fd A5 75 5 43 AL i 7, fifi
S AN T N AN T O SR B Bk
1P S IR JE R Sk BH AN 16 T 3 1 P g 2 3L
THZLRKIE MRS,

4 RBEiTie

L5 TR A2 I R UL B el BF 5 HIE 52, FH
FIA EAT 1044 ek T3 200 e 184 4 A2 S e At R R T
e N (1K= R4 o S Lo M 7 B 0
P K i 55 s i A8 55 22 A b I A FH , I 2 24 B 2
95 3E— 2548 7 BH A7 4 7 % B TNF . MAPK  NF-
kB JAK-STAT FAZSTH 25 41 I I8 155 2298 A A 56
W (GRS WER 1) R4 B TR A5 2
ANGERE , H e rp 2 2 Hh 3 P At oK 5 4

BT Ay o B 296 97 Sk PR B 1S T A4 F 2 1
MRS . K ZEA 58 C 5 ik P AT v] 38 5f MAPK
NF-kB JAK-STAT 45i% 215 538 #% & #EhU i 1E M,
B2 R TE RIS 7 10 R R VBT H e
B ECPEA R B FT 5 B UE Y, ELX 24 BEA ML A9 A 5T
MR — AN T, FHAGE N Z 818 2
a3 ZHE 5 TR 2 5 TR A B IR A2 A 0 I 3
B 5, P R B 1 6 LR iR T, PRk 5 3 3k
B ST AT T 25 B 2R 2 b AR OC R GEAF ST A2
B P 24 FBLART A DG B 5 Lk, H T X 1 g
RO AT S5 B8 1A T I JLAF ok J i, {HL M 2
I R B SR Bk 2 R 7 801 2 B A, B AN A T
i IR 25 SR AN RSN 7 TP 4 2, Lt e
2R 1 AT S AN A0, T LR BB 4 22 F i PR UL
FRUGUEHANCR, s =, K B0 g e % B 1
Ab TR 0T, AT PR, R I e A 0D 2 416 R PR
KR ST 5, T R BRI IR YT R AR A R
WA AE (I AE T3, i 2 BRI 3R 7 96 WA A2 1) B
FEENI AR AL, (H A A5 M 0 S 47 15 2
—25 A, BH AN 1 FH T 90 7 98 190 748 14 A0 (B (EL A
RARE

S 30k
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Analysis of chronic pharyngitis animal models by clinical symptoms in
Chinese and Western medicine

SHE Linjing, XIE Yixuan, LIU Qianqgian, MIAO Mingsan ", BAI Ming”
(Henan University of Chinese Medicine, Zhengzhou 450046, China)

[ Abstract]  Chronic pharyngitis is a clinically common diffuse inflammation of the pharyngeal mucosa, submucosa,
and lymphatic tissues. The incidence of chronic pharyngitis is increasing yearly, the disease duration is increasing
gradually, and there is no specific treatment for chronic pharyngitis. This study summarizes the existing animal models of
chronic pharyngitis on the basis of the Chinese and Western clinical characteristics of chronic pharyngitis. Clinical diagnosis
of chronic pharyngitis and the diagnostic criteria were analyzed in terms of their compatibility with animal models and an
evaluation system was established for the existing models to analyze the advantages and disadvantages of various animal
models. The existing animal models were improved to provide ideas for the establishment of ideal animal models to promote
research of chronic pharyngitis.

[ Keywords] chronic pharyngitis; clinical symptoms; diagnostic criteria; model analysis
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Table 1 Modern medical diagnostic criteria and clinical features of chronic pharyngitis
Type Main symptoms Secondary symptoms
A I A5

(1A (1) WSR2

Throat discomfort .

(2) 105 5 Throat symptoms may be mild or severe

A (2) M R B

Slightly painful, itchy 3 i L.

(3) S U Swelling of the mucous membrane on examination of the pharynx
KL 52 Fgreion b;;i sensation (3) AT =4
Chronic (4)”[2]”%_1;1;% i Possible shrinkage
pharyngitis Dry throat (4) BUA RELTEBEHOR AR 78 i

(5) R NFNEZ K &l
Trritating morning cough, nausea
(6) D HERETA ST WML

A small a mount of sticky. discharge adheres

Or dark red patchy, dendritic congestion

(5) MR iR, MR Bk L e 494 A

Enlargement of the lateral pharyngeal cord and hyperplasia of the
lymphatic follicles in the posterior pharyngeal wall
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3.1 EEZHYHIEE 3.2
HR A v B2 24 52 40 BF 5% sl A B 1 e R A 1, £
FEMERTE PRSI, T8 M A AR S A5
MBI AR R B R 5, KBRSt
5 AR, PEAS RN, 76 H & B AR AR 4R

B B A A S 0y i A — 2 W33,
T2 MBI AR P BE S AR R R A,

Table 2 Diagnostic criteria and clinical features of chronic pharyngitis in Chinese medicine

YRS IR A
RO PET 26 1 B PO DT MR 2, B0 K
MG, BUK BT LA, BUE M
A S T 2, LA o 7B O R I
G A VRO PR3 I, BLURSETR) 515 PR 4 1 567

BHIE 53

Identification and typing

Main symptoms

Secondary symptoms

Ik

Tongue and pulse

157 it it 13
Yin deficiency and
lung dryness

i AL
Lung and spleen

qi deficiency

Phlegm and heat entrapment

S WA AR T R KR R AN
I, SR, WA A AT
Foreign body sensation, dryness, itching,
burning, pain and discomfort in the throat
worse in the afternoon, dark red congestion
in the throat

SR A W B, R PR (R AR, 1
WK , AR 5 %

Foreign body sensation, dry, itchy throat,
but no desire to drink, cough, easy to
cough with phlegm

ST A AN, B R, % IR K
B, Ko, MR R AR 7S M, MEJEE , A 8 1
Foreign body sensation, throat discomfort,
itching, cough, thick sputum, burning,
congestion, thickening of the pharyngeal

mucosa, yellowish-white secretions

FIOIBIERIR KA 2
Hot  hands
requests for drinks, but not much

and feet, frequent

RIE, G EE B2, 1HE R
Tl A

Fear of cold, easily catching colds,
tiredness and fatigue, whispering,
loose stools

A JEHE, R Z 1, S A,
TR, AR MEFK
Lack  of
shortness of breath on movement,

vitality,  tiredness,
lack of warmth in the hands and
feet, loose bowel movements, long,

clear urine

GEAN= SN
Red tongue with thin coating
and thin pulse

wE I kA
White and moist tongue coating,

fine pulse

ELE B, ki 2
Red
coating and slippery pulse

tongue with  yellowish

=3

PR HEE 48 By 5 o 7 B I PR A A

Table 3 Agreement between the animal model of chronic pharyngitis and the clinical symptoms of Chinese and Western medicine

[
B KD o B Wk 1
Model classification oos‘e Moulding methods Model features Clinical match
an animal
PUEE : EEIR(4) (6) , UEAEIR(2) (4)
B FERER(4) REIEIR(1) (3)
K% = 22 55 vh R B R T IEAR AT &
I o KRB 2% - v
21%{%? ;gtgar KR, 5% ,2~3 A P T B2 4y A MR Western medicine; primary symptom (4) (6),

Ammonia direct

spray method

KA
/E % [26-28]
Ammonia +

turpentine compound

Wistar rats,
house rabbits

Rats,
house rabbits

Ammonia spray
ammonia 2% ~ 5%
2 ~

by volume,

3 weeks

HUKMEZE 15 d, 55 8
Kk W g
RERL

Ammonia spray for
15 d,

injection of

pharyngeal

turpentine from 8 d

Pros: simple and safe,

good repeatability

DB AL 2 P 2K 825 A 35 0
EEA N2

A AT R A
S AR
Pros: a
ammonia spray and turpentine
injection,, with
multiple applications

duration  is

Cons: model

short, easy to self-heal

combination  of

secondary symptom(2) (4)
Chinese

secondary symptom( 1) (3)

medicine; primary symptom ( 4 ),
Mainly consistent with Chinese medicine evidence
of Yin deficiency and lung dryness

Medium coincidence

PEEE : FHAEIR (1) (4) (6) , IREREIR(2) (4)
s REEAR (1) (3) (4)

F2 5 vp BE B R B A 7

V)£ B

Western medicine; primary symptom( 1) (4)(6),
secondary symptom(2) (4)

Chinese medicine ; secondary symptoms (1) (3)
(4)

Mainly consistent with Chinese medicine: evidence
of yin deficiency and lung dryness

Good match
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starvation method +
ammonia

spray complex

Wistar rats

placed in restraint
tubes, fed every
other day,
compound

intervention 21 d

Similar to chronic pharyngitis
caused by clinical

affective factors

9k 3
2 RS T , )
BRI 432 (:Lho;e TERT % RRERLRE Il PRIV A JEE
Model classification . Moulding methods Model features Clinical match
an animal
Pesi: 5 N 38 & HL i AR
L, FE 55 15 AR AT )
WA R S 2 B R BRI R, B R AL
WIMEER B A PR RIE TS PR FESEIR(6)  REAEIR (2) (5)
D & R 0 % IR 2 R A BRI S REER (1) (4) (5)
PPNy . . . . I A ei
ﬁii%!@%?ﬁmﬂu e 15d Pros: similar pathog(.enesm to Vikagsaaal N .
T Throat mucosa humans, phenotypic and Western medicine: primary symptom ( 6 ),
Microbial SD rats, . .. Lo
oot hod b injection of clinical similarities secondary symptom (2) (5)
: the:
infection method osus Streptococcus b Cons: after the model is Chinese medicine: secondary symptoms (1) (4)
macaques . .
haemolyticus or successful, it is prone to (5)
Staphylococcus recurrent transmission, and  Medium coincidence
aureus for 15 d the study of  recurrent
inflammatory chronic
pharyngitis has limitations
PO, FEAEAR (6) AR BRI (2)
. SN L B REAER (1)
s s R T Pt IR AR B B .
wop g pom oy o RRISEERAR g e et s
DAL WD g et st -
oI B o [32] n,ﬂjtzh,#—f:' oA W&
wAiE S e M 2 . .
SD K 45d . Western medicine: primary symptom ( 6 ) and
Sand and dust . Pros: there is a strong
. SD rats Sand experiment . . . secondary symptom(2)
induced method . . correlation and consistency in . .
simulation platform, Jinical vath s tri ] Chinese medicine: secondary symptoms( 1)
2 h per day for 45 d c\lmca ba ugffnesm'nggers Mainly consistent with Chinese medicine evidence
Cons: poor universality . ..
of yin deficiency and lung dryness
Medium coincidence
7 PR EEAEIR (4) , CEAEIR (2)
LR (EH SR F e 2 WA R B REAEIR (2) (5)
LeES « SERAR o
HE) SOAR IR AL oAy
Deprogramming . . Similar to clinical symptoms Western medicine; primary symptom ( 4 ),
K SD rats Removal of ovaries ) .
( Atrophic of pharyngitis in secondary symptom (2)
pharyngitis ) perimenopausal women Chinese medicine: secondary symptoms (2) (5)
Medium coincidence
PHEE : CEREIR (2) (4)
B AR (1) (3)
FRBR A 1,25 mg/ R L e
- L 5 5N ) FH A~
2+ Ek 5 100 ¢ 25% HUKHS KB 00 TP IRIRERT
Akl SD K 2215 d Similar to the clinical yin e .
. . . . Western medicine; secondary symptoms (2) (4)
Drug + ammonia SD rats Thyroid tablets 1.25  deficiency type of chronic . ..
R Chinese medicine; secondary symptoms (1) (3)
compound method mg/100 g, 25% laryngeal paralysis . . . . . .
. Mainly consistent with Chinese medicine evidence
ammonia for 15 d - _
of yin deficiency and lung dryness
Medium coincidence
25% ZIK, AR
5 . R, R, = G FEIER(5)  REAEIR (2) (4
‘lﬁ‘ﬁ;ﬁéﬁ"',fnﬁk{f‘* fﬁ,%”]\_ﬁ,i " - " . WE.%%E:U,\< ),U\%‘E’U\( )( )
/:‘7J([].;!.:EE'/EA\ZZE[35] n+]ﬁ21 d Elluﬁ%‘rﬁlu\w?ﬁlﬁﬂiﬂg/r"ﬁ *EMQE«U\(I)G)
RURIT S . 25% ammonia, FEE 25 E L Wy i
Chronic restraint +  Wistar KR

Western medicine; primary symptom ( 5 ),
secondary symptom (2) (4)
Chinese medicine ; secondary symptoms (1) (3)

Medium coincidence

TE - 1% PP BRI PRAE IR W43 B 532, 27 SCHR MOS8 B B YA AR KW BERRUERE QT - 1 2 75 DU BE =3 Tial B pofe = 3 s o7 . 795 74
€ =2 Tk b BRI =2 100 A A4 75 B b B pofi =1 70

Note. According to the grading of clinical symptom matching between Chinese and Western medicine, with reference to the literature and the indexes set
in this study, the criteria of matching were formulated as follows. High, Meeting =3 items of Western medicine or =3 items of Chinese medicine criteria.

Medium, Meeting =2 items of Western medicine or =2 items of Chinese medicine criteria. Low, Meeting =1 item of Western medicine or Chinese
36]

medicine criteria*
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Research progress on the mechanism of PTEN in the repair of
peripheral nerve injury

CHU Yunfeng', YU Hongyan®, YANG Qi', PENG Yanbin', CHEN Zhong', YU Fei'**
(1. Peking University Shenzhen Hospital, Shenzhen 518036, China. 2. Binchengqu Shili Hospital, Binzhou 256600.
3. National & Local Joint Engineering Research Center of Orthopaedic Biomaterials, Shenzhen 518036)

[ Abstract]  Peripheral nerve injury is a major disease. Because the injury and repair mechanisms of the disease are
unclear, its treatment is poor. Therefore, peripheral nerve injury has become a difficult point for orthopedics doctors. In
recent years, phosphatase and tensin homologue deleted on chromosome 10 ( PTEN) has been widely studied to repair
peripheral nerve injury. Here, we review the mechanism of PTEN in regulating synaptic regeneration, inflammatory and
immune responses, neuronal apoptosis, neurotrophic related factors, and NF-kB, PI3K/AKT/mTOR and Jak/Stat
signaling pathways during the repair of peripheral nerve injury to facilitate research.

[ Keywords] peripheral nerve injury repair; PTEN; mechanism research
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JE BB #h 22955 A8 I 305 %% T miR-21,27a, 146a, PTEN
J NF-xB B33k, dEmi 206 F /E M, &35
WESE, BLIP JE J 41 B i SRS AR N PTEN 175 A8 2 3

fiti 1( PINK1) JTER 5 NF-kB {5538 2 1035 P B B 1%
I, ke i A 22 oG A A T v, NTITIE S PINKT Ay
SIS0 B R P S5 4 kb 22 o0 B PR B A
F o B AR B 2 Ak B I A v T 4 22 e 4N
JL, 0 ZETTAN J2 P 28 RRE S T B Bl X —
2 TLR4 /151 PTEN/PI3K/AKT/NF-kB {5 53 [}
WOE G TNF-o0 FI1 IL-1B 25 A 13635 Fil, R4S 5
THGRAER N, TEEE &I, KK 2/
TG E Z M R G T R5E
AT BA W, £, 10 wmol/L UL | A9 8
B FIE 0% 11 1 Fsc I 200 93 400 R ke ) 348 A A IR
ERE R ZRRE T (M Rl AL i T A0 ML 1, ZE AR B
T B AR b B TR P AR X i AR 22 R
FINH NF-«B & H &5, (HAE#F PTEN & 11 %R
ik, HIATHL, NF-kB {5538 B A 5 1Y 98 S vy 7E
PTEN S: R B 52 0 T 2 5 8 [ #2505 18 2 1Y)
R,
3.2 PTEN EMAi# it PI3K/AKT/mTOR {5 5 i
2% %4 B B & 1R 516 E iR N

PI3K/AKT/mTOR {5 5 i #% 75 4H Jfd 34 58 731k |
AT HA R SR B EENEN, ZE S
PTEN JHXR%Y), 25 Z Rt 2 AH B |, Wk
IR R A AR A

Z3E B A B R 2 A e 2 R /R T . Xin
SR PR, A KRR XUBE Y R Uk T B miR-17-92

R 1 PTEN SEINAE A o 2 n O 18 500 de vl A P R L il i A
Table 1 Mechanism and pathway of PTEN gene in the repair of peripheral nerve injury

(CREEEE

Name of

I PR

. R Active factors
signaling pathways

X o L 2 4% 168 A2 1) 5 )
Effect on the repairing of

peripheral nerve injury

TLR4 TNF-o \IL-1B £ TCH I I8 T, P 28 58 9 SR, A4 28 00 Jo 41 e 1 5 L i

PTEN , p65 , miR-21 , miR-27a , miR-

NN e

Neuronal ischemia, apoptosis, neuroinflammatory response, glial cell proliferation,

migration, invasion and apoptosis, etc

o B I, R LA B 3k T R MR SRR AR K, i I TR

T 2R 2T 2 B TR 2 N K e

Axon myelin remodeling, neuromuscular junction development and maturation,

neurite growth, glial autophagy, neurofibroma cell proliferation, etc

P2 TTIE A A BT A, B R B R S M TE B, 28 2% 48 1A 1 R e i 7 £k

NF-«B 146a PINK1 .PI3K AKT, etc
PTEN . PI3K . AKT . mTOR . miR-17-
PI3K/AKT/mTOR 92 Nfl .RAS.IL-6, elc
ZIRE
PTE K hoA X
Jak/Stat N. Jak, Stat, RhoA. Rock.

GABAAR ICER SOCS3, etc

system, etc

PTEN, ERK, JNK, SAPK, p38,
BMKI1, NFI, Sprouty, RAS, RAF,

S
MAPK MEK. MAPK. PI3K. AKT. LI, g

Intrinsic regeneration of neurons and axon regeneration, synaptic formation of

corticospinal tract, endocytosis and degradation of internalized receptors in nervous

M2 I BT MAT 3, P 2 R DR AP, Bl 25 88 20 M 0 B, bl 2 T 20 A

Glial cell survival, nervous system protection, schwannoma cell proliferation,

CK2a, p53, MAP, miR-370, miR-
143 miR-181a . miR-145, etc

neurofibroma cell proliferation, etc
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PEIEE , AT B e I 300 A DX A 2 B 28 R RS Y
JE K 344 a8 il o8 B R EE 8 00 1E T BE 2 R
PTEN T 5 51 PI3K/Akt/mTOR il 4 380 52 38
), NITTUESE MiR-17-92 #& g g 42 o vh XUS DI g 1Y
WA, Li ZEN MESE  FHEAN I b s 24P 4E s 1 1
(Nf1) Fl PTEN B9 254012k 06 S 8o 2 LA 23k 5+
AU, X —id FE A T RAS/PI3K/AKT/mTOR 15
30 6 A VR B Y, 3 3 R 2R L R Sk
R E M B JE B9 WL A A B SCHE K, Leibinger
SEDUION T R TL-6 B A A0 R A 227 40 i
RS PTEN £ T3 33 PI3K/AKT/mTOR 15
S R EOE R R s AR K, T E B T IRYT
AR A3 AR 1, BLUR S SR AR U, 4
FEFCMRE A BT 5 4l 0T A B, AT DA SE 2o B o
PTEN/ Akt/mTOR 3855 i 28 i[5 8 20 i ) A s 5 7
SRR | 33— 2 AKT A1 mTOR 9 R 1L /K -
WA, 40 0 U8 T2 % & PTEN & 1 19 K - T+ &,
Bradtmaller 2% TN Ay , PTEN TE WA 25 21 4 8
T L2 Y ek 1 WY I AT T b 2 2 4R N I A
21 i mTOR #H il 57 5 M7 & H , Gefg i
S PRI R 5E I 1E
3.3 PTEN EREi@T Jak/Stat {5 5 i& 2 ¥t & Bl 4
KM iEE MR

Jak/Stat {55538 ¢ & — 4% B 20 B DR 7 SR 9 45
S S 5 R PR | A0 MG AE o e K R T
AR TR 1 B R R 28 R DG 9 g R
A H FE B AR T, ante o 7 5 IR Y A 28 Sk I
G U RN N o B2 R O R T
=R

Lu % %3 PTEN/mTOR ,Jak/Stat \DLK/JNK
5 T T L B0 ) AR B R 28 T Y [ AR R
T B R v B HEAE . Zareen %50 I,
B2 I BE A AZ A A2 R EORE PTEN §% 748 Jy JE TS
PEBEIR TL T 5K, i 32 1 #2022 1) A RS T
JE SRR BT Jak/stat 15 53 B AT B0 K
FPERNZE A 2 T BELLE T 1 MR sl R O A
F14) J 0B R 2 i o7 S 34, UESE T Jak/Stat {5
53 PR AE T SR R R B R 53 Y il b i
BAER . Riffault 25 VBN, RhoA-Rock-PTEN 142
RE M5 [ 1K 1it 28 25 40 v 0 780 o) ) 4 i 28346 5T GABA
) A FZ K (GABAAR) HIBE R ALK -, 328 17 52 M
22T RE IT fik & N A RN R i D9 Ak AZ 48 JAK-STAT-
ICER % 78 W 78 iX — &of # v 32 2] 5% ), sk 2>

GABAAR 4 . Gallaher 45" U 7E /N LA Y v
FH],PTEN & H 52k BE 5 38 5 Ak - i 2 3473 )5
SR YA I SOCS3 WU PR Bl 2k )| P2 fig
THSR 1T Jak/Stat {55 30 B 7E AL B #2400 07 5 0
B B N B0 (B3 05 7 IREHZ2 B A2 3 e 2k
K, NMFATRIENGE , PTEN 5 R fE 0% 8 i3 34005
ol I Jak/Stat {5530 B 45 8 FE s 2 B 2
3.4 PTEN EHi# T MAPK 15 5 i& & %t /& E
KR ENZm

MAPK J&— 2 AL PR 10 22/ 95 2 R 25 A U
FEN 7L Sh A DU AP ST i MAPK 2% 1563 % | F 5T
%) ERK1/ERK2 (p42/pd4 ) Bl , it A INK/
SAPK .p38 HI BMK1 ¥4 2% 15038 %, 12388 5 2 20
U e I VA R SO o L S A

Zhang %" 38 o 16 22 TR T84 GG 00 6% 110 5 R R
RILT R 1 5978 SR 4R 1) 43 SRAE A, 1
SE 15 NF1 Sprouty Fl PTEN 3335 1 i 598 ik (]
B I WHO TI-TV 28 N 9k 18 1 15 o 90 RE 1%
M5 Ak ST R AR A R R AR B AN AY 5300 5 RAS-
RAF-MEK-MAPK 25 Al PI3K-AKT 38 #4H ¢ |, 1 10
WA B Tl B2 S B I o9 S8 2 AT 1 O, OF
IR FE AR 5C 2 W5 I TR (kg . Wang 451
D3, A T S FEIR 2 X AP o2 ' I MR B AZ 1AM
I RENS T PRI R 28 R BRI K U IR
DIReRErs VR 31X — i B2 v £ e 55 FE K 2 RE i 411
il S SRR T O 450 F K B 4141 PTEN il p38
MAPK #1235, I TG p-AKT %5, Farid
LTINSy, A D R el 42 B 98 3 ol o DL o
PTEN TIREE , MAPK 3 B3 M A, AT R iz 2k
PEIi ER A HIRTT D BRI T IR R . Wang 451
SEYGUESE , ARG 43 L1l i B0E CK20 3 o
A A R, X — 1 A2 3 PTEN A1 p53 T, [A] U
sre/ MAP EHE 5B S S X —id R, AR 4
T A T DR A 25 £F 48988 ' microRNA Y 3¢ 34 17
O, IR 22T 4ER H PTEN mRNA AR,
%P 2 5 RAS-MAPK il % %) PU F# miRNA ( miR-
370, miR-143 . miR-181a 1 miR-145) i ¥ & %
Tk,

4 HESRE

HRTAIBTZE T, J B 2450 45 48 52 A AL i O A
W Wk PR 12 AR JC VR S 0 1 14 FH 245 41 2R A 40 ) 19
AT LR, B IZ00 BRI ROR AN BF TS UE 5,
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Role of long noncoding RNAs in gemcitabine resistance of pancreatic cancer

GUO Chenbo'*, MAO Yuning”®, ZHANG Yanying', WANG Yongfeng'*, SHI Changhong*
(1. Gansu University of Traditional Chinese Medicine, Lanzhou 730030, China. 2. Laboratory Animal Center,
Air Force Military Medical University, Xi’ an 710032. 3. Yanan University School of Medicine, Yanan 716000)

[ Abstract]  Acquired drug resistance is a major cause of high lethality in pancreatic cancer. Gemcitabine resistance
is the most common in the clinic. Exploring the specific molecular mechanism of gemcitabine resistance in pancreatic
cancer will facilitate using gemcitabine rationally in the clinic and improve the quality of life and survival of patients. Long
non-coding RNAs (IncRNAs) play an important role in gemcitabine resistance of pancreatic cancer. Because of specific
expression after drug resistance in tumors, IncRNAs have become ideal targets to restore gemcitabine sensitivity in
pancreatic cancer. In this review, we summarize the specific mechanisms of various IncRNAs in gemcitabine resistance of
pancreatic cancer to explore possible therapeutic targets related to IncRNA to alleviate gemcitabine resistance of pancreatic
cancer.

[ Keywords] long non-coding RNA; pancreatic cancer; gemcitabine resistance
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JEE BRI ( pancreatic cancer, PC) & 43R i F g /™
AR 2 — , HR R R AL T30 B AL T8
PERRE SR LA AEE N L, FARDIBRG S PC B
ME—T]BEVA ARy T B, H i T PC R BB = G R
ARFAAE, B 2030 A4 B B, S BT RBOERA
HEN BRI SRS IR PCIRYT T I BUS T
—E MR BT R & PCIRYT I BB F B |
T PO A I ( gemcitabine, GEM ) J& 87 PC ) —4Zk 1k
Jr2), TR GEM 25 5 7= A it 250, S8
HIRITRORAED . IR ARFIE GEM 7=/ ifif 2
() S5 RFIBILHI X PC IR BA B2 L,

SCHIRAT I JBR i g 5 VG A T T 24 5 A A
A A M T PEL b B - 18] 52 B8 Ak ( epithelial-
mesenchymal transition, EMT) 45 22 Ff Jif g 3¢ 74 %% 7]
FESC . JBERR A 7 G i I s 24 L AR 0 3 s L o O
AT, WA HATL A BT R 5 P i TR T AR
B, K& JE % % RNA (long non-coding RNA,
IncRNA ) FLAT IR 72 200 i 11 s e 4 4 | B -
6] 78 it %% 1k ( epithelial-mesenchymal transition,
EMT) 40 g 98 1= 55 2 F A2 W) o i A, WF 58 3% B
IncRNA RJ 3@ 3 DA b 34 42 3092 i 908 40 Jif i 25 . AR
SO0 IncRNAs 7 [ i 988 T 245 v 10 46 FH AT 09 44 4
g5 USRI RS R GEM SR $2 L 0 Ll Ry
PRFH T T s SR R R

1 IncRNA

£ B 9E %% A5 RNA (long non-coding RNA,
IncRNA) JE—Ff K/ 1T 200 bp AYESR S RNA, 57
HHRIEM IncRNA 5 Mg (9 & 4B | & e B U1 A OC,
IncRNA A LU i 5 DNA \RNA LK 8 H SR B AT
FIL PR B B/ RNA 2 HE . IncRNA 38745 240 ]
A Sl B T A 40 A v s A AR A D
IncRNA 38 2 B (0 J5 AH 5 A FH R R0 98 Of 8] 1 e s e
Fr, JF o S AR g T A% A Ry A5 )2 4L, i
IncRNA YE R HH4E 8 15 DNA BCHAlEE H 45
A7, IncRNA-AE K459 4 7 PR35 SR 9 5 ((growth
arrest-specific transcript 5, GASS) 7t 4151 , i 500
SR LA DIl g 5 B R 251
IncRNA % 4 Mg % £ H 5 7 X K
( plasmacytomavariant translocation 1, PVT1) 1 & &
JUASFER 58, BB AL 815 MY C g B KR 3+
(R S5 IR MY C i i PRI 1 2R3 DT 3080 45 Jieb 983 14
KIESWZ , FEAMBTD, IncRNA SRR = A T

555 TR TR AR P A IR 3R 5K 1 5% ok J5 A
¥, Bl 40, IncRNA-HOX ¥ 5% )& . RNA ( HOX
transcription antisense intergenic RNA, HOTAIR) nJ
PAVEZR AL miRNA | 7 5% IncRNA HOTAIR X i 3 [
PR VR R, i R i 2577 3 IncRNA ANRIL 38 52 4
BT 4 52 5 W A 1 =N s 2R A DL R i)
microRNA 155 /0 £ 31452 fith 983 119 & J21'°7 ; IncRNA 1k
34 TR RNA (ceRNAs) |, ] LIFFES miRNA , M
T BEL LRI 1] mRNA (401, IncRNA SNHG14 8 %
BAE miRNA Y58 4 M IR RNA 9 15 98 o
LR B4 2k DA T 4 g %) Je Y s R SR R ]l 2
H %% RNA (reprogramming regulator, linc-ROR)
WS T2 HE T4l (iPSCs) gk & B, 32 21 I
ZRE T A9 R MR, DI A2 a0 iR A & ) Line-
DYNC2H1-4 £ 27 T 5 b, w] Lt 45 4k 38 m)
miRNA, LYK & EMT I CSC AR 56 2 PR g e k1
IncRNA J8 i3 Z FpJ5 XAERMIs L e ¢ B s e Bl
PEFNEIPE 5 /K A #2545 g 245 7 1 7
A FTRE R Z2 R IE 12 W BT An 10 ) LG T )
TR R
2 IncRNA & i3 18 5 40 Ae B 0aRk 98 42 Pk BiR 928 o5 7 1t
R

) I A2 200 LIS i 7 4 B P 8 e 1) — AL
TERBRE T AERr BB N RS . FEMIR h, AR
A7 O ek RS A o e SR A OLUEEAE B S 5
2510 R, 15 i 96 20 B AS 32 AR T 25 W S e A AT
ARGCANIE BRI 158 444 B, PRI 0kt (3 5 7 e 7 i 245 e
FTOCHVEFNY S BRIT R, AR VA I 2
MAWEA AR Z U ER, M IncRNA 75 H 1
BWHhEXEE GBuN R A WA ¢ IncRNA 7K &2
i g 7 P AR (O BURRAE T . Ine RNA JRIT 1 I 174
HARBLHI AT LA 3 2 (1) IncRNA 7824 55 41
T RNA ( competitive endogenous RNA | ceRNA ) 45 &
miRNA LLJH 5 miRNA 23k, T 52 Wi [ s i 7
(2)IncRNA i iz 52 Wi F Wi AH OC 3 R B 3R 355 (3)
IncRNA 3 1:f Wnt/B-catenin @42 B BEA T 0940
JROPAT= O A R R B P AU T R 24 A B R , S
5T IncRNA 75 JBR 8 757 PG A1 35 it 24 v 4 FH G S il
Wang 2517 857 IncRNA ANRIL 75 JB it 987 757 74 fth 5
fiif 245 i B ML % B IncRNA ANRIL 3 33 # [i] miR-
181a, 3% HMGB1 755 (1 40 5 W5, DA 3 ik Jik A
SR AN T 5 V6 Al U B T 24, Zhang 251 38 5 A A1
S & P IncRNA SNHG 14 38 1 43 3 miR-101 3%
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i 8 200 1 0 50R E G flLEE TR 245 0, Zhou ST
RSN SEH & P IncRNA PVT1 #3335 Wnt/B-
catenin A1 miR-6195p/Pygo2 LA & miR-619-5p/
ATG14 i A MR AR, DI A2 S JB i g XoF 355 1Y At v
T 251 s ZEAR Y CDX AERTHEGIE T IncRNA PVTI
FE AR PE A B T 25 R I VE ., Li 4RO FE R A
S5 %% B line-ROR 3 4 miR-124/PTBP1/PKM2
5 S 1 PR A A T X U b Y R A T 2 5
FIH PDX HERIEEAIE T line-ROR 7E [ i i 75 74 {75
i 25 A

e i 245 241 38 Ao A Y 1 g 3 i AR T K
B J7, A R A SRR 5 VG Al T 25 v R R
FEFH AEH T A W 3 A AL RS BB, X 4511 IR
ST G o R R P v R ) B 5
WRT WL, EFHGEFR IncRNA PVT1 & —Fh
FE 3L VEN ceRNA 5431 25 17 445 miRNA 4
7 WEARIE T RE ) K R DALY 25T 25, IncRNA
PVT1 A RE 8 2217 S [ W 78 1 188 A 98 =5 v fth 352 it
2§12 FERSEWFSE T IncRNA PVTI W] B IR YT
I s 7 G b T 2 R
3 IncRNA #3877 M40 B T AR R IR e &
o fth R ZS

983 T2 it ( cancer stem cells, CSCs) 2 2Jf]
FL A —AN S B, AT LK S o 1) & A 5 5 &, CSCs
JE PR S A SR VR, A SR iR A T T 24 G R R 2
— ., CSCs XHbI7 A7 YA HBTE R, U7 )5 ok
1) CSCs RE 5 12 F W88 &2 & X Ak g7 7 A K
P2, WA B, PC L VLSRR, AR
TR CSCs & i N, IncRNAs /& CSCs
(0 AR P R, REMS (R kR TR 2524 e 1B e i
H1 IncRNAs 38 31381 CSCs 78 JMgg v i Lb 49 4 Ak 7
e it 251 25 LA IncRNA L CSCs Alifit 24
X3 HREABEHVIMSER , Lin %0 % B
A kk PANC-1,ASPC-1 ,CAPAN-2 SW19990, i 1t
SCES K B IncRNA GASS REi%k CSCs A5 1Y 75 P il
WETH 2, Wang 2577 #4 #E AR PANC-1 7 P flh 2
Tt 24 20 B ke, 3 ok S 5 Ok BE o U b v 0t A S
IncRNA HOTAIR &3k 11175 5 J M 48 1 4 i iif 245
Gao %2143 Sy T N BRI BxPC-3-Gem it 25 44
A PDX BLAY | {4 Py AR 525G % B line-DYNC2H1-4
I3 miR-145 {2 CSCs {52 98 75 74 At 35 it
24, LncRNA AN 1k J2 mT DA3E i 42 o b 98 40 B 14
T PR 440 7 AR T 24, 3843 IncRNA s ] 38 4o 9 1

JiRE AT PR L T 25 . Yoshida %5 57 BxPC3
it 24k CDX #2838 i) 5255 & B IncRNA PVTI i8
T R PR AN R CSCs 155 300 2 g U8 40 e
XoF 5 P AU A 24 1

25 LTk, CSCs 5 R ARIE 5 PU b I 25 A 5 %
VMR W9 CSCs 5 35 UM N 25 1) G R, W] 2R
e R = 36 7 Jike J 8 57 W16t 2 245 488 £ 37 19 JEL JB
Jik. BT, fEFLRE 25 |l R CSCs 55
R 259 B 5 AR PRI IS B BECY . A SR
B IncRNA PVT1 A ZEARIMRIA I 3S 58 I CSC fig
T R E R A NOP2 ST 40 My 345 40
ORI BFSE & B IncRNA PVT1 EA I8 45 fith 98 41
J R VE Y IneRNA PVTT 3 1t 30 5 fifr9gg 200 e
TP R AR VT A I 2, T AR A LS I IR
ik MR R v ) IR R v T AR AL T TR BB A
4 IncRNA @i EMT A= E RS E & AR

i 2 e — 1] 7 Jo 240 LA 7 (EMIT ) S — ol i 448
JLFIEH FORG R 52 G A TR T3 5 40 AL P e A5 T {2 28
FEMERMRAGRRIT . s 20 i 7 22 28 D7 X A e AR ad
TSRS, TR Aol e e 0 A A 5 i A 42 28 DA I
XA T AHEBTHE ) BT B PO A T 24 40
JiL BB B SR A A28 M XA T RE IR i 25 2 )
A= EMT #H € IncRNA A 3@ i 4 I8 1 35 4
miRNA , 55 EMT FHOCH— S5 5% K7 3Rk, if

S2MR EMT A2 e B8 9% | IncRNA 38 i

JH¥E EMT {20k R4S Fif e 40 it o 04 flu et 255 7
JBEMRIEE TP, Liu 252 23 51 8 R IR88 40 ML AR PANC-1
ASPC-1,CAPAN-2, SW19990 Hf 1714 4 52 86, & ¥i
IncRNA GAS5 184 [H] miR-221/SOCS3 i¥i%% EMT 4
S0 PRI T P AR 25, Gao 2618 gt sr A AR
BxPC-3-Gem ffif 24 21 il 11 Jjfr 5 S b £% e A5 0, % B0
linc-DYNC2H1-4 31 433 miR-145 i 1 [ A 8 40 it
EMT o [ i 755 VU Az i 24

XoF L2 200 i R g T 24 40 e 2 30 I 98 Tt 24
MR T R R 22, X A AT REA EMT A
%, LncRNA ELAETE EMT BOVE T, 75 5 4k i 4
EMT %58 IncRNA , i 58 & B IncRNA GAS5 /2
A5 EMT B 82> 7, IncRNA GAS5 7] 4E 5 miRNA
ST I RS 38 ) 455 miRNA T 67 PR
P& miRNA IR 3L R 09 268 P8 3 EMT 3 Al B
SRR EIGYT EMT B2 B =5 A JBR R g 5 P4l 32 i 25
PEALH R,
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R 1 IncRNA TR BRI T P4 AL 245 i VR AL
Table 1 The mechanism of Incrna in gemcitabine resistance of pancreatic cancer
HAK Y T I VAN il £ EN FERIE A ik
Associated phenotypes ¢ Up/down regulation Model Cell lines Targets of action Literature
Wnt/B-catenin, miR-
SW1
IncRNA PVT1 1 CDX 513;1\19201’ 6195p/Pygo2 , miR-619- [19]
i 5p/ATG14
22
BT IncRNA ANRIL 1 TR PANC-1 miR-181a, HMGBI [17]
Autophagy Resistant strains
utonhs
i 24k .
IncRNA SNHG14 1 . . SW1990 miR-101 [18]
Resistant strains
linc-ROR 1 PDX PANC-1, iR-124/PTBP1/PKM2 [20]
e MIAPaCa-2 e
$2h
IncRNA HOTAIR 1 B PANC-1 CSCs [27]
Resistant strains
IncRNA PVT1 1 CDX BxPC3 CSCs [29]
JiR - 4m i 2k PANC-1,ASPC-1,
Cancer stem cells IncRNA GAS5 } Resi l,’t raine CAPAN-2, miR-221/80CS3, CSCs [26]
esistant strains SW19990
linc-DYNC2H1-4 1 PDX BxPC-3 miR-145,CSCs [28]
PANC-1,ASPC-1,
27
T IncRNA GAS5 ! . mjlﬁfﬁf . CAPAN-2, miR-221/S0CS3 [26]
esistant strains SW19990
linc-DYNC2H1-4 1 PDX BxPC-3 miR-145 [28]

5 BESRE

JERBR SRR A I8 1,5 A AR AR SRR, AT
TiUJG 22 , WEAR PTA S5 5 IR 0 2 R i S8 B R Y IR
FERERT DR R 300 A8 o VA b T T 24 1 A b
EYHEEEMNE X, HAET IncRNA ik X} 8 7l
J& PRI GE & B AL ZURN M S 1Y IneRNA 59 5541
SUA 25 I 0 25 5 TR 2H ZURD I T Y IneRNA
FIR R IEARSC, Pl AR A I 43 BT 1T ' IncRNA
Tk GEIE B E UG ER, B, DL L IncRNA
HEFT A3 HTRT LE , A 538 30 JB i 9 255 v Al i 245 1)
EtREY) . I JLAR & 83 HEW P IncRNA 7K
FERHETTHAE Ay i A 10 5501 A ) = 48 B 1 (R
T4 N 78 0 B, 4R 7 BT AT LM R R,
Qe PRI VR SFEARAS FRE IncRNA , DT 2 5 e
Il A R FH A T AT

fF 7% 2% I S o 5 P A I T 25 55 IncRNA &R
Y], AR A IncRNA 3 53 AS [\ i3 42 & 45 45 H Y
PEFI (L 1) . KZHL IncRNA 75 [ 88 75 PO fb 75
T 245 I ] S A R ) 9 R DG R 11
AR W R R U M R w25, Hoh oA A
IncRNA #1757 24~ R B L #4E A, 1 4 ; IncRNA
PVTI1 AT DL 5 5 WA CSCs i £ i i 8 75 78

AT 2, IncRNA GASS 1 m] 3 1 1 35 CSCs 1 H
WA E B AR g VG A v W 25, R R ]
IncRNA 7 [ B o 04 b e i 24 v () ELARAE ML
AR PR A 7 IR A e 5 VG b 52 1 24 5 Sk B 1 B 1)
254, H IncRNA H19 B# ) 254 BC-819 ( DTA-
H19) , HETIEE ST 3E PC 7E P 9 AN g
A RIS HATIG R b PC R hn S 4
(i = FIARTS TN 25 2 PCIAYT X A, BRI, 38 47
T BT — BT 1 R A A A ) RR 9T R SOk
AT RIS W AR YT . ARk I K T i e A 98 3
YIRS | HE— R ABFSE IncRNA A TEAEAL ],
S BELAT g it 24 J5 4 S e 2R Y IneRNA, 3& T4
FE IncRNA ) 2 15 5 B X1 97 25 W 1) 55 S ok 47 3
H DO ASRIG R L3697 PC I 2L 58 i 1) 8 45 )
B, 5 FRTR B IncRNA PVT1 o] LU 24
TR [ 5 VG b e R 24, I AE AN ) 6 JBR A 8
PO AL TN 25 40 bR A5 2 T 56 0F . IR ROk 36T
IncRNA PVT1 76 JBE AR s 75 V4 fib i i 25 rf i sk 52 vl LA
FEIG PR - B B 280
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Research progress on the mechanism of primary cilia and related
signaling pathways in mouse palatal development

LIAN Shubo, CHEN Juerong, HE Wei~
(Department of Oral and Maxillofacial Surgery, Affiliated Stomatological Hospital of Zunyi Medical
University, Zunyi 563000, China)

[ Abstract ] Primary cilia are microtubule-based organelles that sense extracellular mechanical and chemical
signals, and transmit information into cells by mediating various molecular signaling pathways, which play an important role
in development, cell migration, and cell differentiation. In recent years, primary cilia have been found on epithelial and
mesenchymal cells of the mouse embryonic palatal process, and the primary cilia themselves and their signaling factors are
closely related to palate development. Therefore, this article reviews the recent research progress on the mechanism of
palatal dysplasia caused by primary cilia and related signaling pathways to provide new ideas for researchers in the fields of
cleft lip and palate.

[ Keywords] primary cilia; palatal development; Wnt signaling pathways; hedgehog signaling pathways; Sonic

Hedgehog signaling pathways
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Ca™ W55 52 RS0 T B L, IF XL B M4 52 Sonic Hedgehog(Shh) \Wnt FGF & TGF

[E&TH] HZEKAKR#34E(82160176) ,
[EREBN I BREF I (1996—) 5 AR5 2k FR O ) . RIS 2L S5 IR, E-mail: 15688981982@ 163. com
[BEEE]ME(1977—) 22, Wt B AR, B2, LA S0 AR50 07 0] RIS 2R 51K, E-mail : heweichenhui@ 163. com



138 HE A R AR

202247 A 32 7 Chin ) Comp Med, July 2022, Vol. 32,No. 7

SR R S S R T R
Wefa 2Rl B kB bl R iR AT, AX
X T BIL A O 1 R G AT B AR SR AR 5
VE—25ik IR S RIS 2R A W By 6 S it —
AT T A

1 MEFENEESINEE

WA E (primary cilia, PC) J& AR H5 40 & 45 Fn
KB AT YR 0 S S A s, 5 4n i Y
SRS TG 2 VI SC, PC H 9 XA 2H Al
R rh e 9 2H Bk, H IR AR O JR R S R E AR
5 AR B BUZ N RS B8 -3 1 P A [, SRR AR 2 4
KR T AN 4> 5 1 ok IR MG T2
B4 — B FR A £F B ad J X (transiton zone, TZ) [
XL, B SRR 1S54, a0 Y-, B 53K
R P LT 2 — e, Bl £F B A A kb, i A BY
FAMAR A IR BR T TZ FFRIE A i 27 4
M 1251, 21 B 1 4 8RN B RE AL 32 2] 3 B 5% i B
AR ALFEET X A2 AR S5 5 40 T I B s
WA KT E NI RS (intaflagellar
transport, IFT) B I FH sl 22 (05, /v SR 1
FEHEAVEASE MM,

HTHIHRA B = G R iR s by
R AR R BE T, AR BT IFTY ) TFT
SEHMZEAR AR (RR IFT EA) BN S0
X%z 255, IFT 8 AR 2B Ak AR 1 Koz i o)
A5k IFT-A B &54K IFT-B E 51k, IFT-B B &
TR S £ B 8 AR B JE IS 42 i 21 4F 6 TS
ISk AR A e 38, IFT-B A AL S T 16
4 B BT ( IFT20, IFT22. IFT25., IFT27. IFT38,
IFT46 . IFT52 | IFT54 | 1IFT56 , IFTS57 . IFT70 . 1FT74
IFT80 . IFT81 IFT88 Fl IFT172) , Hr , IFT88 J&: IFT-
B EZ AWM LA 32 T O T 5 IR
= RIKIK B8 H -2 % H (heterotrimeric kinesin-2
protein, kinesin-2) , % & FH H 9K 8l 8 1 - 3A (kinesin
like protein 3A, KIF3A) F13KX 8/ # F1-3B ( kinesin like
protein 3B, KIF3B) LA K —~Fff & i 3z g A 5 8
(kinesin-associated protein, KAP) ZH i, M £F & Tl ity
FI)H I FE 1Y 3z B PR A 385 ) F% 05 J& H Dynein-2 Fl
IFT AR A -7 IFT-A B A1k 6 FhiE
H4LAL, f145 TFT43 | IFT121 IFT122  IFT139  IFT140
HIFT144, Hidh TFT122 & TFT-A &AWy H X
4t i PC A B IKEE IFT A 4 (F

S TEBNEIE, IFT RS HAE T E H Ao A B
KA PR LA TIRE LA KA 38 5 1Y
SR NG AR BAHDCSR

2 BHAETRE

3 B R e e e P IR T 2 A A A LR A
NS RT3 i 5L 5 i A 2 I il 5 i g,
JEUR R A 8O IF B 2 T IX RO RERS 4k
Kelsk B A A A LA, I 1 R 5 AR E
M AT Bk, HILF- 780 1 Jsas 1%, B gk
S AE T PN B 1A AR T R U AR A
i B I L K S IR R T 1] AR e AR IR
AR A5 ~F ELAE 2 W T B, Ak s 10 K F- 7
) FEEhIF ) 2 AR I AR I 40K B3 T 7 (Y
IR A S A £ 1) A 12 2R ST FR 47 1)
PR TR R 2 A Mk, B AR AR R L AR
2B R, BRI B WA RS
AR AT — A B R R, B DR R
EEE[H—B] .

3 HEXESHEE

3.1 Hedgehog =SB %

Hedgehog Z % 41 W B 540 F X T2 49
EHIERWIRIG AT 2 XEZE, 7EHIL 31, Shh
TEMRIG N2 XY kB i Pl 4 SC B T, £
fEISH AR . WIEL WA 3 Fh Hh IR, 5350
A Sonic Hedgehog (Shh) | Desert Hedgehog ( Dhh) LA
¢ Indian Hedgehog(Thh)>**) | Shh #1 Thh 7E4£ 41
LUhEEA EEIRE, AR EZ N YIEE, H Shh
A SR KE R RN E Y], Shh {558
FE A VA B R 5 b B — ) 58 o 2 A) B 32 EAE
T X U3 2 1) 2K 7 7 A s

GPEEN LI LI, Shh 5 5 S HIF 20
o> RZ ENAERI AT B |, I Bl B AR B9 A [R) 4R
FT AR H A A2 Shh 5530 B9 K 5 85 i %
& (patched 1, Ptchl) BY454 7 A Shh 155 1%
LT, Preh1 #0725 B 1 25 1 ( smoothened protein ,
Smo) #EA PC, Smo J&—F 7 RIS, H45 /2%
T G HEEBERZ A 24 Shh BLAFATETF 5 Pichl
Z5G0F, K Pehl #H3 PCIFARERRT Smo AU,
T Y Smo FE AW G ET T I 38 2o 4900 1l 4 o R
F (suppressor of fused ,Sufu) i Gli KK M T
(B4 Glil [Gli2 (Gli3) LAVE#E Hedgehog T~ I # 3 [A]
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ek KB R A R R R KIFT 2 4F B
Gli 2 iz i i B EY) | J& Shh {55l B AR 0
BT, TEA Shh BRI BT, KIFT AL TR
LSRRI, 5 Gli2 A GL3 M HEAER, J& Gli3 7&
Hedgehog J2 b H1 g v T4F BT 7T 1Y,

IFT 25 0 T i iz oF h 2 & 2 A ]
ISt B A I € IR EF T SR NS
7, KIF3A J& TFT & 46 9 5 22 41 B3 43, Yuan
58RI 2 207 BT KIF3A Bl XS0 1 52
M), I AN [7) 0 2 5 R i 2 B RR R 5% KIF3 A 66 P i
KX Hedgehog F1 Wnt 15 5 (5% M, 45 . &k 8
KIF3A $tJe T80 1 #2205 41 Y (neural crest cells,
NCCs) X} Hedgehog 55 Jo ) i, X} Wnt 155 & X
N, XS R 5 BT ARG A R O
WEAE R PERS R, fEELZ KIFT BIIRAG , Shh {55
WS, B Gli2 F1 Gli3 7E4F & JLF 46 A
230l FIEW 9 Shh DTS BRI R T B MK
AEFEZ AN 28 P ) Gli 25 A G 3% 36 1 A A i 42
T3 — i B ARHS T 1% 1) TFT, IR, TFT AR AT o] 25
AR B T 5 4] R 4F B 4509 s D 6E, 53X Shh
T AL T R, NS e IR G Y OE R LA B
EE,

IFT88 JE W) £ T 1Y 2H & A D) fig ol b 75 1 4% .0
EA, N FEEREES @B, Tian %0 %
PRTE TFT88™" /INEL NCCs Hre S 1 2Bk 1FT88, Al 5
SRS 2 1 4 ol 2 s 40 084 2 /> | DA RIS 5 ) 7
JEANAfL Shh 15 538 % T, B J5 78 NCCs 17 4= 1Y 5
SR T AN R 2 2RI EF B, AT 51 A 7 ) 5
TELE , L FE MU S IR S A F A4, i, A
WFoE487R IFT122 & IFT-A o ik 4™ . NG
2 F N B IFT122 X PC Shh {5 5 18 B LA K /) B
IR G B2 58 8] 78 5t 4 S ( mouse embryo palatal
mesenchymal cells, mEPMCs ) 34 %8 %) 52 i, 2K F
RNAI FRBE T PC o IFT122 Ay 3635 M2 PC 1Y
AR S M, IF R Smo . GLi3 . 41 i 4 48 #5 i
(PCNA) F4HAEE A F ( Cyclin D1) fZRIEASAL LA
K mEPMCs (%R AL 45 5 WR B2 TFT122 4+
PC 1 &t R I B K B2 28 40, JF B Gli3 | Smo,
Cyclin D1 J¢ PCNA BYZRIAALT IFT122 1E# 4, 7]
I, Bt = TFT122 20 % mEPMCs #9548 4 8 B2 U
%, MR F W IFT122 5 4F Shh {5 F S
5E¥E mEPMCs ¥4 5H , [ it la] 42 s w7 PC K H
I3 0 Shh {5538 B AE /NI & B A T 2%

FEMER
3.2 Wnt{5S5@EHK

Wnt {5538 #% 2 15 5841 21 & 1Y o 250 K 2
— o AWFFERI, Wnt {5538 B 89 LA 0 i 7 1
SENLTHIRELT B MR BT 2 5% Wit {5518
B ARAE S FHLE R Wt £5 5% 508 %
FHL43 A . Wnt/ B-catenin {5538 % F Wnt/PCP
fR*7 i@, 7E Wnt/B-catenin {57 HH, Wnt BLiA
5 Frizzled (FZD) 52 A& FIK % B g 8 11 52 R AH G 2R
1 ( LDL receptor related protein, LRP ) il Bl 32 A 1) 4%
B MRS , LRP 3204 B J5 4 6 25 1 1o ( casein
kinase 1o, CKlav) FIRH A Bl B 3% B 38 ( glycogen
synthase kinase-38, GSK-3B) W M2 1k, Jf & %
Dishevelled ( Dsh/Dvl) 2 F BT LA ] GSK3 MR &
%E/‘J/ﬁ‘@,fﬁﬁéﬂﬂﬂ@ﬁ [-catenin E‘J*%K’E,Mﬁﬁﬂ:/\
20 B R Y R TR Y 2 38 2 el 40 Y 1 5 L Ak
FIFRG . Wit-PCP {55 i L2 1 AR S |
IERSFIGE [0 A0 73 22, FFARHE T R 2 AR5 AT
UEEREE AU R

JER VR R AW BV Wnt (7555
SRR B HAE Wit (55 P e A S
W, /NEIIREEZ 4 A -8 & 1 KIF3A, 7] &
3 Wnt/B-catenin {55 1Y 57 5 BOE , JF B, 7R 8k = 3¢
BT R A L] (KIF3A IFT 88 8§ OFD1) f)/NEUIR
JEBEFAEdu M b WIREF BN R RS Wnt3a BLiA R
SRATRD XML IR T IR BMH] Wnr/
B-catenin 7 & WY WL &, 70 — T KW, B A
KIF3A IFT88 . IFT72 575 1Y /N BV R Bl 21 4 240 fifd %
B IE B9 Wot/B-catenin {5 5 1 P57 Tian
UV R B, FE Wt Cre-IFT88™" /1N RIS 58 [] 75
o LR AN F ) S AT B A D Wne {5 56
Fhir, X RIPIHET BXT Wit {5538 B8 & 70 1
H. 05T & B, 7E Wntl Cre-IFT88"" /N i,
Axin2 TE/N R 58 18] 78 5T 151 R0 114 2 35 7K F- T =
XN AR B A A v TFT88 415 1 £ 6 B
W AT BE R Wi B RY ) Wt {5 5 8 %, AR BBV Wit
TR SRS AN B R 7 i A rh R B 3 S
2 Rk, 78 IFT88 28748 /NEL T, ROR2 fY %
KN, XRUMBLTESE TIERLOLE R
rR ARSI Wt {55 i 3R 35 S o AN, Yuan £ [28]
KB PC ¥ Wnt {55 F1 Hedgehog i 4% nJ 3t
)5/ N SR IS 98 B2 45 1) 58 Jo =2 ) AR B AR
BT AL KIF3A 2% 1] S B0/ BRI G 2 5% 3] 58
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] — DX Wnt 5 5 5 5 4 5 LA & Hedgehog
BE SRR, XM RN TS ST W
SN P, A /N BRURS 98 I e/ 18] 78 5 1 e 46
N 5| 2 BB T
3.3 Shh{ES5iEE

A SCHRHRIE , Shh 3@ 1 Smo [ 2 58 6] 75 J5i 1% 336
5%, I8 3 1F RS H 5 BUEF 2 4i i 2B K R 10
(fibroblast growth factor 10, Fef10) [ 323k | DAJH 4 I
T B R[] 5 A 3 A, Shih {5 5 7E ] 75 R
TG B AR RS JLFP e SR N, 246 Foxfl Foxf2 , Bmp2
1 OSR2, OSR2 & mEPMCs 451 1 P AETE 35 A1,
HAE mEPMCs "R IX AR T Pax9 F5 51
Ite., 7E OSR2 M Pax9 it 2% (1 ik v vl i B 25
HHEPEREZE I H. Fef10 78 & & 59 B 8] 78 i iy
FIh i E k> F WX L SR F-3E 2 Shh Al Fef10
A I A R R R 4 R R N 4% R R A
(HAFE B W2, R R iR T —Fa
Shh-Foxf1/2-Fgf18-Shh 43 F 1] %, B} Foxfl Hl Foxf2
& Shh Fl FGF 2 [ Ji 38 il 455 S5 15 2 1) — A~ H 5
53, Shh K Foxfl/2 #I% Fefl8, Fefl8 S 5t i 15
Shh ) ik, XX RMWERK EE £ LEE,
Foxf2™ /NG IR 1T 55407 35 376 I 4 [ 70 J e [XC 3
Faf18 FYZEIA TS | K b 107 IX B ) Shh 2635 53,
AT 35 5 A K e

Msx1 800 K5 2 8] 78 )5 ) Bmpd, 310 b F2 &
55, B0 Shh {5538 5, Bl 5, Shh B3 ok m i
S FEIR & S5, TS Bp2 , 452 i 1 2 18] 75 5 40
LAY 38 B, I AR AR R T Msx1 Al Bmp4[mo A ik,
Msx 1 32 [ 53l B3 110 /0N B 3 B o s 28 3 R0 U 2 3
Bmp2 Fl Shh 3K ik 5 %, M #b 58 Bmp4 A] LLYK &
Bmp2 fil Shh (5 H2EHFFEHH Hedgehog
S5 IBERG TR 1 /N BB K14-Cre-R26SmoM2 , #5571
Shh 15578 2 38 @l G 1 72 b B3 J v PR 1
YL ZUE o BT s BT AR (AR JE 56 0.5 K) K14-
Cre-R26SmoM2 /N A2 J5 AN ABE T, IF e 3 ™
TS H Al A wist R R RS 98 R Be 5 4k k1 28 il
&, SRR R SRR A, P e A — 4
i IR A5 1 L 4k & T A 4 2 M 1) 1 Hh i
T 2 410 ( medial edge epithelium, MEE) , DA f& 43 b
R B (R TR ) b B A % BELAS T UM S 2 T 4k 1
G, XUCEE R, eI R A R, MEE Fy
BT E T Shh 55, ABG IR IEH RO BS3BaL &,

R R S5/ R B CWR 255

HF45 Shh {558 B A s HAEH, i Shh {551
& SARHS T PC, BT (] 35 f eax 26 155 R 716 /N F)
B Lt PC HEYIEEA,

4 REHRZE

Bifi 5 X 4] 2% £F B B Hedgehog 175 5 18 % A1 Wnt
15 18 RS M A TR B AN W IR, W ET B AR R AR
S P 4 R A AL © 8 W 1 B Y
i, HAE, BAREESE C 4B Hedgehog 175
i P KA 2 M Wt {55 08 BAK T 27 B2 5 150

APy Lk ) 0b AR R N T
WL EY Wt {5538 B 1 RANFEAEFIL, HIS
4R W B2 VR R R L], FR AT 2 R 58
2T W5 T BAE 508 A0 Notch
TGF-B S5 EHCHR i AU, Hedgehog 15 51 %
SHAE S0 g 2 A e AR M AR, K
T35 B 22 F8 BIF 5 R i) B 3k o ) £ 21 6 KR DG A
S PRI A T B S AL, DT S B A R
SRAIL Bt dE AR
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ALPPS 3 ¥y # 8Y a) gdt J2 A S A 5% 1% 8 i
OB B

(B AR REFEEBEATAHAMRE PG 400042)

€ED

BEE I b AT T B Bk b 4L A0 — 2B P R R (associating liver partition and portal vein ligation for staged

hepatectomy, ALPPS) fEZ L IR 54 A bk 18 A | H L EARMLHI i AR BB, SR FIFR T 5 B Ay Ba0E il & il 1)
ALPPS SRR H AT IR AT IT ) 0 88 540k o A SCHLRE T 4E SR 56 F ALPPS Bl W 455 8 (1) F 75 b e i 47 1) 22

ES::35))

[hE4%ES] R-33 [ xiktRIRFE] A

B 43 B RN T i Bk 5 #L 0 2B AP VIR AR ( ALPPS) ; h A Bl s T 46
[XEHS] 1671-7856 (2022) 07-0142-07

New progress in establishment of an ALPPS animal model and its research

CHEN Xue, CHEN Geng”
( Department of Hepatobiliary Surgery, Daping Hospital, Army Military Medical University, Chongging 400042, China)

[ Abstract]

Associating liver partition and portal vein ligation for staged hepatectomy ( ALPPS) accelerates liver

regeneration remarkably. However, the molecular mechanism of ALPPS remains unclear. It is necessary for in-deep

research to establish a stable and reproducible ALPPS animal model under various liver disease backgrounds. This article

reviews the research progress of ALPPS animal models in recent years.

[ Keywords)

liver regeneration

VTR A2 1 3 0y R AR A MR yT B, B
TR H BT ARVIBR R 15% ~25% . A1
T R DR U IR R O R A 1 S BE R T 2H BUAR R
(future liver remnant, FLR) /N %38 B F AR Y]
B, X FIEH I, FLR i 250K T 25% ; i %) T8 1L
JIF,FLR /D3R5 T 40% , ik FLR 22 H A
YFAIMRL R S i« BT B 2 Y e i A
FLR ¥4 A= 09 F Bt 32 22 02 1] # Pk 12 %€ (portal vein
embolization, PVE) | {H HACRAEH AR, L4k,
AR il 1A I R AT IR A LAY —
HIIBR R (associating liver partition and portal vein
ligation for staged hepatectomy, ALPPS) , it #f FLR 3%

[E£WE ] K% F ERZERHAIHTRE T LI 2019X1C1009)

associating liver partition and portal vein ligation for staged hepatectomy ( ALPPS); animal model;

Az ) R RTINS AR T PVED . HAiTXF ALPPS 12
PRSP A LA 2D BT,
TESPIRRED |58 ) ALPPS A5 B T3 AW 5% Ho s
A B A Bl B S A IR S i
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Table 1 List of established ALPPS animal models

G e SR gt Rt JETAR PR
Munber  Year Author Species Reserved lobe p(ﬁ';z;ltiziin ()‘[,)V(e)r_:l;igne rese}r/s:(liplif;: l(:)he
e samne SWORE SRR
2 2014 Almau %6 Z%j;f? @?\;Er 80 ;I”; HRR = (120.4+99.5) %
3 2014 Yao &7 S;?)jrf“ @;’;Ejr 80 ;i HRR = (158.92+9.17) %
6 2015 5t i) i e 10 S;)j;f /E'l:]afr 80 NE; HRR=(181.4+14.3) %
7 2015 Garcia-Péres 1 S;)j;f“ Eqi;r; Eiﬁﬂf 70 PODS HRR = 137. 5%
8 2015 Croome 45[12] %E?f E}z{:iﬂf 80 POD7 HRR=75%
9 2016 Wei 2513 S;?)jfdiﬂ ﬁjﬁ 80 POD2 HRR=(153+17)%
10 2017 Andersen %11 W@jﬁ;ﬁ? @j&ijr 80 i HRR = (130+12) %
11 2017 Kawaguchi %5 nglfz;jrj: T;EJF 80 i HRR = (95.5+17.9) %
13 2017 pULEEEARS Ss?jj;fh /ﬂ;ijr 80 NE; HRR = 174. 86%
14 2017 Sheng %18 s;)j;ff: EREEEJF 80 ;i HRR = 168%
77~ N LN T S s
16 2018 Sheng %120 5;;2? ER ’;Ejr 80 POD7 HRR = 167. 7%
17 2017 Deal %521 me:if?ii ﬁ vig Eqﬂ;?;ﬁﬁi“ "t 80 POD7 HRR = 164%
18 2018 Zhao %1% gg)j;f? T\;Er 90 POD3 HRR =(225.5+13.00) %
o e wys WREREML g e
20 2019 Yang %5124 s;)j;ff: EW}”"JLT;E\ETSF%M 50 POD7 HRR =22. 30%-58. 76%
S~ S S e

TE:POD ARSI ] s BW AR EE 5 FLR AR 5B AT s WA B4R A I (8] 5 A7 R B SEBREE 4 s W TR BT BIRIAG A P i E5E  HRR AP RFAE % HRR

=(WA-W1)/W1x100% ,

Note. POD, Postoperative day. BW, Body weight. FLR, Future liver remnant. WA, Actual right midpoint weight at each anatomic time point. W1,
Initial right midpoint weight before surgery. HRR, Hepatic regeneration rate, HRR = (WA-W1)/W1x100%.
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1.1 KXZh# ALPPS #3!

WEAE B 5% 7R 4 5 N B T figt ) 2 R A 3 2
THEEZ MR Z AL, K g T 52K AR
FETOL RGN R R R T B I A R A
PR, P2 1 B 0 1 S J R A3 5 4 5 0, JHF
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WA LA FHIEE ALPPS ARl (H R —Fh
49, ENBHBEHEBRES TR, AMUE T
HE K, B ST X U B AR AT R e, 1Y
I AS AR Y, 7 B W T 552 o e A P S o H
IR SR AR
1.2 HEIFHY) ALPPS =E

GAER T ER/NA S Y, W) T A
WS, & &8 43 Y BR | 1] #% Ik 45 FL ( portal vein
ligation, PVL) ¥ PVE i By FRAHBE$E . 7 2#
BT AS [ [T 8 K oy S AT 25 FLIT 456 I 52
orB, S5 A B AR HE P AR (R T G B A ) 4
P 2% (AR X HiAT ALPPS M He IR M, 5256 b 3 )
MFET R4, FTARAEN ALPPS SRl
Fo e iR it — 204
1.3 /NEh# ALPPS 3!

NI (RN e — ARG B e R X
SEEH AR S R SR AN B, AR R, MAEFR |
YE,EATAE AR B A 0 A R 5 TR R
25y, I HARZE 5y SLARMEAL Y 5 [R5 3k 22 5 )
RT3 R s % 2 A/ 12 PR | AR e 98 A5 A5
W LA Sy, H ISP A B s A R T I AH 56
F PR AR BB /IS U HR #0380 6k 0 14 ] 5 3 B
I NN RO e s o B A L = ST E I N
Pk N S — A BRI R BRUFF
WSS 5 N IR KA (2 B 5 A
FEFARALA TR &5 49, b L5 R B AR RE ), 58
SRS ALPPS ShA R BR |
1.4 $% KA ALPPS Zhitss)

TR 48 K B, B A1 8T & 1 IR s v, R
TROMEAT A TRV R BE B I 4 ) A AL 25 IR FI AT
T A X6 P A= B SR i s g 57 R R4k ALPPS 3
YEREEE A, BECRZ H WA AL
Tk i ) A JTF A Ak R B A BIF 5 B B A
ALPPS 53 (W A S8R B 0 55, H B AT 8= 1
FET-E T HA AR IR sh B, HA4p 22 (Y i 8] be e

KA W] RE 55 S Jo 2 BT J JHF oA 144 4 i v 2
A3

L AR SR SD K B S AR RS MR
JF ( nonalcoholic fatty liver disease, NAFLD) L #%
R, S 955 o S 56 ) R IR 3R 1) R R FE , NAFLD
KEUFLR (3% Ki-67(+) IF4IIFT CD68 (+) AT
ELREAN A (kupffer cell ) 40 fdy 2D, (H AR J5 ML 1 A
A - 6 (interleukin-6, 1L-6) PR IRFE K T o
(tumor necrosis factor-o, TNF-a ) 7K -5 % BE 41 A i
T, PR RIEVENR DB VERESE T ALPPS TR
ST A B BLH N B, A — D

F7E >,
2 X//NER ALPPS #EBIZETHES

N T e sy AN i Sl R T o o
WH 4 A AR, S B A A e A
M ZeFRAR A, RS IHERA A RS TR
Jok JHBIPKFNRRAE R GE, 4 A iR 5 )
0k 5 T B AR HA g B 2E AT T
P, 22 A 1% 3 ok 36 10 R IR 485 44 45 AS A ]
MBI R ZE A 3 SRR K AL, A
LA N PR O 2 0 F I i e RE AL LA
FHFEIEF S, FERIAE R/ /B ALPPS BERURY 38 A
A 2 BRI T TR K o S A L, RO R o
PIRBIKE R (B 1) P20 A o 2 A
KT 20% , 516K 4T ALPPS RifHY PVL AHIE >
PR bt S Sy A TR o 5 K T A R VR S TR I, S
B FE ST K BRAERE T T T DK 000 3 R e 7 A8 4k A
SUREVEFVAA S AR BEALH 7 1w, K BB ALOE T/ B
B K BB AN 5 22 UJ B A2 A i 0 I 2 ) AT
EGR T X AF A 5T 485 R (8 P R RS

K//NECALPPS —HAAR o BR T 47 PVL 4b, if
T BT A I il ZeBE I () 2.3) , 3K /2 %A
TR E A S e A I A B S O B R Y TR B A
1 PRI, T i Dk — EL 458405 3 e DL Lk I, FE O T
TR B4 JHF i 8 43 B T AT U 2 I R RE I & A, £ T
R, PR 5 T R IK I R/ NE S 200 5 mm,
CINDS i o A ) I O 7 K T NN N
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B LA Zerbt Rkt B e SM A TR bk O 52
Figure 1 Ligation of portal vein branches of RL, LML, CL and LLL

B2 i (1 aEik)

Figure 2 Middle lobe ischemia line( white arrow)

B3 A AR

Figure 3 Cross section of left and right middle lobe
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ALPPS AJ& FF 38 A B bl A iF 5T & 30K B
ALPPS —ARJ5 2 d FLR B A] 841 153% , KJ5 4 d
AR 260%" 7 248Kt FFAR AR, AR
ORI 58 3R 38 19 K/ 7N B ALPPS R J5 FLR 4 A= i 28
ZESFRR, BN W58 KB ALPPS —HIARJ5 7 d
FLR {64 T 68% ', Aid, K 40 0F 5% 3 £ 1)
— T RE AR Ry 2~7 d, TESE R
2, PR T () B B [R5 0 B B
5 AT R B,

3 ETF ALPPS ZhiEE g E X 5%

3.1 FMmEREMENE AR

Kawaguchi % 57 7 K §L ALPPS % ik 9 1fiL
B (ALPPS+Z: IR DK 2540 ) , K BLIR M 2H FLR 1Y
A Al ALPPS 25 BT Ki-67 BHE 20
PR KT ALPPS 2, 427 JHEF I J5 4 S5 o i
XS F ALPPS A S5 A A7 5 4 35 i e kA
Flo Schadde %7 % B 1 T I 2 Bk 2 vh &0 0
( hepatic arterial buffer response, HABR) B ff 7,
ALPPS — A J 75 B2 0 JTF #4) T 2l Dk i 37t 2 ' 35 1
Pt S50 B B‘Jﬂ?éﬂéﬂﬁkéﬁ, Kron %[38] KR
T 2 T 2 A T4 1 R0 0TS PVIL R Bl ) k41 50
P AT DL I 2L TR ALPPS KB
LB TT DLSE 22 )1 4=, 5 ZU R 7R 2H 2Lk A ]
A2 TP A 11 T 20 3[R ; Dirscherl 45127 411 31
BRI ELIR A1 Y ( hepatic stellate cells, HSC) H1 47
TEAR A8 A BUK - B0 |, BEIF 3 05 PN e A= K A
“F (vascular endothelial growth factor, VEGF ) { ##t ¥
A8 AR B, 7 PR TR A= v mT B 2 SC BV FT
3.2 HEBEHEXHEEEFHHR

Z I FE KB, ALPPS K5 F4 38 K JiF 421
K A F (hepatocyte growth factor, HGF) | TNF-a , Fll
IL-6 S5 R ZOKF RE F T PVL 4L, o 1L-6 935
KA RZYJE PVL 4180 6 A, TR AT 241 2L h TNEF-
a IL-6 Fl HGF 7K - o xf B 41/ 25 3 F51501
Schlege 255144 ALPPS 2H/INERIMLSKE VE 5 5] PVL 2H/)
SRAS A BT 2 1) o B A R AT Lk B T K
- 38R 055 S R A K I 52 ALPPS {23
FLR 3§ EE N R A5 H s, &
WUERALE A PVL A2 FLR 3525 RO 5 ALPPS #H
2, HAAM PN ok R T 22 S, 5 400 G B AH OG0 R
PRI ZRTA AL LT AR TRD, TA Sy SR80 T i ] DA 52 905 5
Jo 5 WA ) ) 25028 5 3 ok e R 0 A, A R 55 Jo 4t

P ZJE BT AR A R - 0 T 245 A R R A
ST T S 59 s AT Y
3.3 HBEEEXESERNTAR

Langiewicz 25" & P c-Jun %3 A Ui 85 (1 14
L(INKT) > 5 5 JiF 22 4K 40 i 55 73 3 THH (Indian
hedgehog ) XTI 52 5t (149 N 3 P A= J2& 26 75 19, INK 1 -
IHH i/ ALPPS fi& #F JIF 7 A= Jir #¢ A (9 LI . Shi
SR I ALPPS 5 AE 5 i 5 R SR I 3
(‘signal transducer and activator of transcription 3,
STAT3) #1 YAP % 1 ( yes associated protein ) i , ]
RETE T A2 P2 B ZAE . Otsuka 555 76 K B
ALPPS A1t J B ALPPS i P A= 55k 52 {4 )
1% S2 B2 B4 2 (Janus kinase 2, JAK2) /STAT3 jif f& 1
WA B ) OC AR TR & 5 4 U5 2R 11 (regenerating
islet-derived protein, Reg) Reg3a F1 Reg3B 1% 15 1]
AETE JAK2/STAT3 3 % (915 1k b 4 3 B 2 10
YEZ IR R VE A R 1 T 3 JF A & ALPPS fi
iF FLR PRgf A (1 3 B2 ; Colak 551 435 72 T
YIER (ALPPS Fl PVL RJ5 24 h 1 96 h P-4~ [i] 53
Tk i 2H 2 14 5 R X T R TR 3R 3R e A A 53l
B UG HEA T T RN R 0 0 R R R 3R A el
708 SR P TR P 1), K 1180 448 o 30 A O 5k R | %
ST DNA S H I RN 725
TX i,
3.4 PhEFEMEXHR

T HRGE ALPPS J2&: 13 %60 e 1) A= K A A% A1
fEHEAE T, Kikuchi 554 233158 /) B B 4 9 A5
RIFT ALPPS 1 PVL A5 04 [ 96 15 58 1% P4 FHAH SC 2
JRLPR B 7K AT T A, R 50 R AR AR S5 AT AR
IR S5 AR T WL 380 e A I i 83 42, i 1] ok 4
FLMUFEAR S BRI (=9 d) AT AW SI g ik e | I
ELARER A 8 20 6 DAL 8 e e A R A A A 52
Kambakamba % 58 1 1A/ 52 56 RN PR LEE 24 & 2R
ALPPS 347 FLHE R A b A2 AR T, R T WA 7
Fil, Garcia-Pérez % #E K FL ALPPS BRI b % 31
ALPPS T LU 3 i I8 7 1] Dk 245 L0 S o g 3
JEAEERS I I8 A= iUH ¥ VEGF RIS 5 K1
—la( hypoxia inducible factor-la, HIF-1aw) i) 235 2
B T [ B AT Al A 0 i R e AR G B W 40 i
(tumor associated macrophage, TAM ) Y 2 3% 14 fil L)
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Oxidative injury mechanism of ischemia-reperfusion and its effect on
various organ functions

LI Xin', WANG Zhining', FU Lu', ZHANG Linbo'?, XIAO Shengyuan’** | ZHANG Wenhui'*

(1. College of Life Sciences, Jilin Agricultural University, Changchun 130118, China. 2. Engineering Research Center of
Edible and Medicinal Fungi, Ministry of Education, Jilin Agricultural University, Changchun 130118. 3. College of Chinese
Materia Medica, Jilin Agricultural University, Changchun 130118. 4. National and Local Joint Engineering Research Center of
Remote Breeding and Development of Ginseng New Varieties, Changchun 130118)

[ Abstract]  Ischemia is a kind of localized ischemic necrosis or softening caused by infarction of tissues and organs
or blood supply disturbance, which often occurs in the liver, kidney, brain, and other organs. In the early stage of
restoring blood supply, it often causes ischemia-reperfusion injury. Oxidative stress is a major causes of ischemia-
reperfusion injury. Studies have confirmed that ischemia-reperfusion leads to the production of reactive oxygen species,
which causes organ injury and dysfunction. This review summarizes the research progress of ischemia-reperfusion oxidative
injury in recent years from the perspective of oxidative stress and analyzes the effect of this injury on various tissues and
organs. It aims to further reveal the mechanism of oxidative injury caused by ischemia-reperfusion and provide ideas for the
prevention and treatment of related diseases.

[ Keywords] ischemia reperfusion; oxidative damage; reactive oxygen species; organ
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H Hi, AHSC W52 € 4 E 58 6 i — P53 1 B
(ischemia reperfusion injury, IRT) %A= B 2 5
1% PE 4 (reactive oxygen species, ROS) Kt /= 4= | 4
LA Ca™ AR | 120 B4 | o e 2 3 AL L R g
BERR AL G W A R A A5 A G, ol L B 4 B B 4 41
TEE AR5 M B AR AR ATP & LD 4 i
TR Wy 34 2, JE ROS 19 77 A& | T Bk 48 B AL AR
ROS WG ERAESIA 2 , W PR B AE R N 2 5 A LR
ST A RO AR A 5 G 5 o e
R O0 T P T 2 o o ot 5 o T 2 2R 22 ) 6 4 4
FRERAS AL P T A B R Ak
HI T2 Ca™ 2L . AN IEAE T Bk = B RemEiR L &
W) TCAE T S i DR A A 005 1 — 2 o R T i
A9 ROS A B H 3 i AN 45405 (IRAE JBEIR ) alioe
175 S E 5 I R 5 A0 A 5 10 B R T T S
[ EAR 7, S BAR5BURSEE , 7E IR 47, Ak
VER 2 3 08 B D ae I BUBE AT, i T A Rl 48 5
LG5 FIRE B A B AN [A] ) Hy e i — 0 1325
E AR AE — o TR B 1 22 501, PR I AR 255k
A I A T ST S A SR A G I Il — FEEE U
AL AT ST R R AT S 4G T2 B ik A A %)
LGB IR

1 sRin-BEEHRGPEERTENLHER

1.1 ZhEFER

LR RV Z AL E  ROS AR £ Y
FFLOT L B BRI AL, BT ATP B, Ca®t ik
JEARL I 2 | KR Th BE X AT, S ORI
B TRIRTE PESZ 41, P W B A5 356 L T IR BB T
AR A RS BT, B SR A B P A
LA 2577 A4 K ROS, LI s 2 AR T (1,
M #5A7 =4 ROS,
1.2 FHEKELERRZE

AE T YR B RS A H IEE S fL i ( xanthine
oxidase, XO)/E AR Az Bl BI04t H 12 04 A
XO TEH T A BURER , PRI 25 B HE TRl iZ e 72
BT Aok A s, A8 E R E
BENEBL T, ATP =4 AN, ATP AR &4 fl ok
KBRS ATP /b2 S B YIIE ATP AR5 28
ThREREAT , M5 ES A PN Ca™ 3422 | 2 Py oo Ik P
By Ca™ 2 & fif 5% I 0% i A B ( xanthine
dehydrogenase, XD) FIH A5 h XO; F#EE 5, O,
PRI, EIE S AE XO B4R AR = A4 K
HH IR 0,, — 3 I FVEFTE S & A LA A
W, EEEERE TS5 T AR EERAEEA

3 (- OH), N ZLN i - OH i & AL A
(H,0,) FAEAMIEO0, - ) HAEBH(0) % ROS
KA,
1.3 AR ZHREIRRE

S — P T, XO 348 77 AR B ROS X 44 i A
T LR, LR S AR R 7™ A R o R A T 55 e Ak R
-, W 51 PR kL 20 A 7R SR 2H 2 )R 3R 4R T
P2 A7 % 11 1 s U R Gy v ) O Skl T e
Jin, ik NADPH/NADH RE0IE a2 04 A 2,
M 2L S AR
1.4 A Ca” BHHMWNEZMIEE

ROS 234515 4 B S 25 44 , {1 48 B RS X Ca™ 38 355
PERE R AN Ca® VR IE & AR ARk, Ca™ i BEE Y
BR Ca™ B4, Ca™ W ak ML b AT REZ #, £k
RN A E I = RN R R e 1 [l =W S
HeHass AU M, ATP P A 8/ B D fiE
REAMP Ca™ Na® 32" S5 m 4 sh B, B
EREAANMEAE T AR T BN I B S A T T
FEA, S0 T8 BRIk D, J& 0 A h L3 2 R A
Z—, KM Ca® G WIS A2 ( phospholipase
A2, PLA2) {5 BB i R A S A6 4 DU R (arachidonic
acid, AA) ,J5 B TEIAEBEVE R T 2B LT iR =
H = g = 4 K e iy - OH H,0,.0, - 7, ¥
B Ca® W2t ok A b L 7=
1.5 JLIEXEBERBEESRLER

P T — Pl R CIR A JLAS I BV S — ol g
SR, IEE AR AR N L A s A AR A
TENARAE R W4, AC -5 L IRBE L R K
SRR K LRI A R s B A
JUAS T P fin 3 404, 35 T 40 A B SR i, B
ROS Fr i 5| A 20 b1 473 .

2 sRi-BEEELBRGRERE R RN

2.1 I BERY RN

T st PR A SRR I B O U B A R TR
W, SR P R AR B 2 S 3B O B G, A O
WL IR A X 22 3 S A0 R BT S8 AR AL ) 2 (R A7 7E A
S I R A 2 A R SR ATP S RTR R
T VUF BB (i IE A 2 ) Y S 39 fn 7 T
Ja R E AR, 1T ROS FIl Ca™ 8 2R AG1E fin , 26 k7
IRIREAS M A | P E K IS — B i [a] o 45 H R
AR T AR IS B ROS 98 & PR AR L,
SR T WL Il B0 5 W 0 e L & R AR 0
I IR I BRI,
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Li S50 o 5 199 37 38 2 550 PR O UL TRT 1
S HEATERIT, 45 R e B R e 0 WL IR 5 14 Joit
I3 ( endoplasmic reticulum stress, ERS) fl ROS %
YIAHIG, If H A 5T 9 A9 1 480 B 7 A= B Sy PRLAR 56
FAEBE R B (05 B A B AR RRAE  ROS 2R L
Bl TR AR N R A AT S SRR LT TR A A2
P, ERS BRI Y Ca> AR A i — 20 82k
KA H A ROS A2 B I, ROS 1) AR 5258 i ¢ 1k
TG T UiF caspase ZIEE 1, AT sh4l #6405
WA, BHh, SCHE ERS 431 (ATF4 FI CHOP) L,
CHOP F7E ERS i) it — 015 A2 4 1o Ry %
ik, P, 2 ERS A ROS SO LA 451 4 % T
TRYT O LB L P T 0 45 2 OC EE %2, Senthamizh-
selvan 2511 R FH K RS 780 8 35 S Ak 57 380 o0 L33
Pt AL 235 SR & SRA BsF ] 5k 1 f 3 A7 P
3 e AT, PR Ot S 7 8 PT RE O LA 95 1Y
FBE DAL T 10 R b B ) B A o LA 45 TT DA
SO NERRAL R Y 5% BRZLA L, Bl s O =R
M DIUEEE IR, IR FU405 5 Bel-2 k8,
U AT o, PRt B8 ) B AT e e e A A 4 1
(A3 B A DA X798 12 5 K B I ) A 42 RN
SR B DG Y R o ik AU Ak A D TR B R4 7R
2.2 XEHHEm

B AL ABT 237 B e A= St i — P8 41 4 = 30
R A Y D REBE AT, OF i T 18 MR A A )
Jgt 1) e I S 2 M B T BE 2 9 (acute renal failure,
ARF) f i WL B DL, 32 22 3R 3R R T I 35 LI+
[ el s AR OB AN O IRk ¢
JERUST I ARG | B IV 3 2 e R N 4 R A IR
PR 2 E AR 5 DR 2ovk B s, 7'
FAARS , IRT WilH] ROS Az sl , ik 17 ALY 1E
WREST, FEAML A, A, ROS 5 1& LI
BRI T RE A 23 18 B R AT, DA T ik 2 /1N
B B AL AR 2T AR AL SO, S B R

Legrand 45" 1| F K BB AL 443 58010 o 3oxt B
0 )52 e AL A B 2 B0, A SR L RS Y SR A
TG T 5B A W] DX PN B A B 2 e o
EF AR A BT A, B /NS KO £ TR (acetyl
choline, ACH) 25 IfiL & 4™ 5K 57 19 ) 07 ¢ B0 A 1l 48 &7
SRIIRESZ 0, XN 2R =M C4 RN A A TS
JRZR H2 A5 008 WSO R0 0 S, P 48 i e il 458 45 fS
DAL IS 200 e R~ 2 AL 24 i 2 T 2 4605 PR T S
FH T PR A0 e 22 8 e, 76 ) B A I A A O 3 T
RESZ 401, (B B/ B 38 6 20 I 47, fof 0 45 s AR A5 3
TIIRLYEE B, P20 %) QR R 3R 3 5k 4 4 AR A

LT B 1 3 P R #3457 . Huang 45" 5 i
NI JE R Bl ) BRI ER 1T ) 55 2 1 - 1 (satellite test
center 1, STC1) %L 1o B 3235 J& A5 BE - 57 XU
IRT AL ML, 2558 A B0, B A6 80 /)N B 3 v it
P SEUVUEFE BR AR08 A ™ 5 R = A A b
RIS B, e 240 B T 240 3t Vi 34 i A 30 3
PR Z A At AR, S5 IRF AR R
ZHAH LG, S (IR 20 L A 08 50 30 ) ERK/ 0TS (T
P2 E] R ) INK FI9 1 P38 (p38 I8l ) 1 L
R R PR ES 8 1 - 1 (satellite test center 1 Tg,
STC1 Tg) FE /N B TRT AN 238 il 1k 4 At
AL X LI STCT 3] A iy B2 R4 IRI 543
) EEHL . AR AZ AR CDAT Tz 3Rk T I 4
S RN ZH 2 W BORE T ) S o 4 A 2 1 i 7
MEH-1 (thrombospondin 1, TSP1) J& CD47 BT
B Rogers 45 2 WFFE R BE IRT (& JB 75 2L
SEHENY CDAT (5 515 F . A1V A A vy 3 3ot B
Wr CDA7 {551 Sy — AL 00 1 nT 98> TRI 5
REVEACRI, ] CDAT HUIKBH W CD47 15 538 %
J& , AT AR, R IR I B R A R AL
P42 BN b B A A A Bl e T DL O
IR, 38 J80 2 PR B Bl 405, 02 E 18 1 B 0 s | & A=
Rogers 25 iff 57 2 W], TSP1-CD47 BH K 57 75 [4 A%
B IRL J7 A HAT —EAE T, FI T CDAT iAW Ay
AR IR R AR 1 7= A, 1R 22 3R A ok
PR, DT 03 i DI R o
2.3 XPANAIRSIN

H TR R | A 8 e, 7™ E A 3 AT A=
A At A w R KTR YT T B T AT S A A I
RN Ak 08 a0 5P 22 0t A2 %7 AT i & ki TR,
VETT B 07, H0 B 7K i B i 40 RS R 3K, i )
FEER A ROS A= piit iy, [FIEE & A K 2 A g
R , 6 2 LRI #h 2o A A il & 20 PR
PP AAAL KRR, PR e X TR A 3 s
R AR O a7 o R 2w D 5B S b7 1B 1)
PUEACFIK RS, FE TS A R A3, 10
HANZ 51 A PR D = g A
Sl A5 il 2R 40 45 T DAL HL T ) 52 38095 P A1 5 e
MAAB 7, HAh, EA RS I IR i 989 I
o BE YRR OG 2o 22 00 460 1 Fh 2 AT R AR AE IR 1
SN S SAE IE A N E=N S S S (E e S L RSN B Y@ us
R S HEDR AT G L, IR i 453473

Wang 45 BF 58 % B, 98 RE AH & 43— L 41 i
toll #E5Z 1K 4 (Toll-like receptor 4, TLR4) Fl#% A+
kB (nuclear factor kB, NF-kB) th2 5 Bl ifil B3 15
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SRS , e s I 7 NF-«B 1] B2 07 21 20 it 42 - 4
TR AE FE K ) Ak, R AE K (tumor necrosis
factor-oc, TNF-o0) AJ I3 NF-kB i #96 £k , N8 R AE
SR, TS5 A B 22 i 480 F Rl 2, I i 452 49
S A JE MY SR, B A e,
Guo %) 5 it K UK TRT AR RYRF 5 T 57 2R A %
S R KK B R 2 AR 41 T, 45 2R 6 B S i
A AT UL R A IRL K B fl 22 D RE U8/ A AT
PRBFIR K b, S B A 697 AT A 800 i i 41k
IR, A8 2E 4% 5% 5 Bl F (nuclear factor erythroid
2, Nef2) #% By i, Y& hn i 21 % A B 1 ( heme
oxygenase 1, HO-1) 335, I 4100 il S 1fi o 2H 28
NF-wB I8 #% A 30 o 3X 1 ] S e ) A 3 5 3o 4
ARV TR R 2 DR B R VR
2.4 XHFRIF I

VE R PN f B B A QP R B k2
RS AEINT A IR, B A5 R A by & 1 D) RERE AT | 5%
QWG TH i T REAN 255, A58 P B2 40 B
kupffer 4 g | o MER 20 i £ 0T 7= A2 4 3, Sl
90 min Z PN & LA 0 o AT 33 4 40, 3R Ik I 5 Ui
i 20 A B AR Y R R T AR A R P, 41
UL T Y ROS AT IMEA , ROS &) FIEE 141 5%
R 55 22 b A I 8 o e A B Iy it LA R bt 1
BB L ROS 774 | 525 D) A R A A 2% 40 il
PR3- W S A TP 1 i 409 32 S D rh Mok 40 i
BN RHE, 23— 215 S ROS A2 i, B IR 44 it
SEAL R T HE AT I 455

Bi 45 & B IRT 530 ROS i & 7= 4,
34 ROS B THLIAR A 2 AT L BREGIE , st
J T AR, ROS AR 1Y 2 b A (5 5 3 i A T 4
LR T B 8 & AR b & R OB AE ], Zhang
A ST KRR TRT AR R —Fh B A B 481k
PR AEH 1AL & ¥ - 36 ki Bk e 3 ] e
(aucubin, AU) X 48 A N 35 IF IRT A0 G547 T
PRIE G RI AU AT 38 2o R AT T A 2 i 1% 1k
AU HF OB FRARAT IRT 9 & 2E | R & 3 AU
A 2 BT N % ( malondialdehyde, MDA ) Fl
ROS 7K ~F-, 3% Jm &8 4 Ak W B fk B ( superoxide
dismutase, SOD) 7K - LA il S A6 W 38, X i BH AU
A RE 2T A P A AR AR TR A2 B2 2 1M %t JH
AR 2 D R 2R 1T

3 KISR0 050 m By B ok I 55 3 T SR kg

3.1 EREEHE
H T 5 AL N CTE TRT 05 2 78 v & ¥ 2 244

A, AR RE RS IRT S5 & | IR 1k B
A 365 R A A AR A TR IR B E 2 @aid
X E AL BUR G S iR 2 BUR BTG IRL Y
FARKME Z — oo Nef2/ ARE 342 8 A P AIK
SRR S B R AR Y AT AR TR 53403

IRT 451477 H 9 AU 0L 0 PT e BOPLAA 1 3k
182 1) S A IR R A AR C P an MDA &% [ B
S 3045 (human thioredoxin 1, Trx1) 7E N WL FE AL
FIRIFESS , Trx 2G4 1k C Y ok J 2 —
AR, FEO WL BB 18 ROS 5 7 Hh e 35 ¢
SEVEFT, Wu %805 58 i b 8 1A OK BUD IE IRT 545
O LR R HOCe2 20 ILAH L OGD/R 75 5 (1 454473
FRAL 28 B % B A LK 22 ( dexmedetomidine, Dex)
kb R AE % o B0 Trx 1/ Akt 38 [ 0 25 FRAG 4A1L
DR AILAR R R T, ATTUEBH Dex AT LL3E 5 Trx1
WA Akt IBAEPRIFUO RSS2 IRT 473 .

PR B (salvianolic acid B, Sal B) B4 W&k H
PSS PR VE T, ot ke 70 5 O SR AR 5 |
A 1) 240 AL 455 1 P VE F— 3, Qiao 551 I FH Sal
B oAb B g N7 R R R S A L % U AR 453 477 1)
SERHLT, 455 & I Sal B AT LA O WE IR 4E 1
TRk BRI | REARET Tk He , X A 2 A Y
F B A I A R AR A B, IRT 36T e KRR
PRI R G R A T B, ik Uil 2L W DA BR
ROS, A VR FE (/1M 2 7] BE 23 %k 48 i B ot 28 1
JEUFT DNA B A 40 107 7 A . 35 520, Sal B iR T
AIVAER IR A0 A B2 X AT BBJ2 B T Sal B BYHL
SAATERE , WD S A A A TR D A AE T
XL WL IRT B AR O B R4 PR

ARk AR W93 R LA R a2 A= R
E %5 F T ROS 75 3 £ 401 405 i T B MG Y7, Sun
24515 R B, KIS IS P A high fat feed, HFD)
TR AT S/ N RS0, 1 ROS 175 B 7 W] e e
(high sugar, HG) F#HHIMR ( palmitic acid, PA) Al
JREIRFEIH T (tumor necrosis factor-a, TNF-a0) XJ 5 /s
B M (renal tubular cells, HK-2) 1 £ & 48 it 19 1
Mo WAHNE AR, 8.2 8 A NS B
BARRAPUAERE T, AT LLA RO BR A A 2,
XTHAEE RIS E AR R R R
3.2 ki FRAb B Fn g 5 AL 1R

MLV E AR LG , 23 W] 03 SR A Ht
B BT[] TR A 38 52 B A ik ol 991 Ak R (ischemic
preconditioning, IPC) , %6 7 it [ 70 4b BE o] (R $ 48 B
a2 K IR, $2 = 2 B AR R Y Ak Thig
FAFER 0B 5 T A2 PR 25 A OC, JRy P ke I T
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(ischemic preconditioning, LIPC ) i 1< 1#75 PN Y M 4
AR/ B R A FR T8 S AR D47 I 552 PN B 400 e T
AN, T LA A AR rp 2 afi, AR 41 S o it 4
W7 HE 55 TPC Y ROCREE XS iR /N 25 4 2
TRYTRCRI R, A5l 1l 2 45 B A AT FUR A 4l
O A2 3] — e BRI

AT PR S PR T T L T 22 K O 45 T Ak
PRI G FR R Bl J5 AL PR (ischemic posttreatment , 1-
Post) ,I-Post REGE 4R /N IUESE TG , FEAKC 8%
R —fRIAN T-Post AI I/ ROS 76
TR AR TP P R A 8 S A i, AR iR P e — 4T R
& T ( endothelial nitric oxide synthase, eNOS) fif) 3
NG  IRVS AE 20N TEAN-RT R ] OES AL R
SR W iR 2 L P R A AR AR
BEAD T-Post 3 1] LT A -7 T 452 403 40 R i ( the
reperfusion injury salvage kinase, RISK) , iX $E3 fif #
YOI S RTA  A MLF JR T, 5  eNOS S5 AR DT
B 2 e PR SR A B R

4 INEERE

BT &AL E 4 Thae AR SR,
ROS 74 Wi AHLEI WA S A][/] BF X IR 3 2
4R R S g B A BRAS AR, BAG 38 i P TRT
U Lk =R L TS O N R = R (T R i
JrERAER A R, B ETERXT IRT, Ifs PR 32 22 DLHAE
THREAIT R, FEUE BN H B A R iR et
OE2TE 7/ SR R Sl | o117 N S S0 N N s B =9
AR s 2 O R IS IR 1 2 AT R B
AP EANEEIRE R 2 K2 AS BT
FRUT EA YRR BUR P PR B T
FFP AR 1 25 B PEVE T A s thl A Tt i ke
I — PR 1 P AELR L Y e A B — s BT 0 R
FEMAE, BEAN, AR5 SR i — P v S A R 3k AR 1
ANTRI BT 245 1A 7 O 328 A 2 — P e 8%, a0 AT 5%
RIRAET DURR VR S — 258 1l i 25 ) A B R bt
SRR SEAE F T A RO KM 0 B B TR 5
P50 DRI A SECA A58 475 Sy #0014 de o, P8 1
TRIT SR FAH N, 25900 & % F I IR IRL iRy BA -+
Gy T ORI I 4 g FH S
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