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[ Abstract)
autophagy through targeted regulation of the RAS oncogene family member RAP1A. Methods Human normal hepatocytes

Objective To investigate the role of the microRNA miR-488-3p in homocysteine-mediated hepatocyte

(HL-7702) were routinely cultured in vitro and administered 100 pmol/T. Hey for 24 h. Western blot was used to detect
expression levels of autophagy-related proteins LC3, p62 and RAPIA in hepatocytes, whereas qRT-PCR was used to detect
the expression of miR-488-3p and RAP1A in these cells. Following transfection of miR-488-3p inhibitor and mimics, qRT-
PCR and western blot were used to detect the transfection efficiency of miR-488-3p and its effect on LC3 and p62 protein
expression. TargetScan was used to predict the correlation between miR-488-3p and RAP1A genes, whereas western
blotting was used to detect changes in the expression of RAP1A, a potential downstream target protein of miR-488-3p.
Pearson’ s correlation coefficient was used to evaluate potential correlations between expression levels of miR-488-3p and
autophagy-related proteins in hepatocytes. Results Compared with the control group, expression levels of autophagy-
related proteins LC3, RAP1A and miR-488-3p in the Hey group were increased ( P<0.01) , whereas expression of p62 was
significantly decreased ( P<0.01). Following administration of miR-488-3p inhibitor and mimics, expression levels of LC3
and RAP1A proteins in the miR-488-3p inhibitor group were significantly decreased (P<0.01) and expression of p62 was
significantly increased ( P<0.01) compared with the NC-inhibitor group. Compared with the NC-mimics group, expression
levels of LC3 and RAPIA proteins in the miR-488-3p mimics group were significantly increased (P <0.01), and
expression of p62 was significantly decreased (P<0.01). Further mechanistic studies showed that RAP1A is a downstream
target gene of miR-488-3p that is positively regulated by this miRNA. Pearson’ s correlation analysis indicated that the
expression level of miR-488-3p was positively correlated with protein expression of LC3 (r=0.9329, P=0.0002), but

negatively correlated with p62 protein expression (r = —0.8086, P = 0.0083). Conclusions

miR-488-3p is highly

expressed in Hey-mediated hepatocytes and can promote their autophagy by targeting expression of RAP1A.

[ Keywords)

[A] 760 2 JjE 202 ( homocysteine , Hey ) J&— Ff f A&
PN PR 2 R ARSI B 7 2 Y R 2 1 DM 5 i ik
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BRI VAT - P P Ak [ 2 R B i e
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78 RAS 988 56 K R % i it RAP1A ( Ras-associated
protein 1, RAP1A) AJ BEJ& miR-488-3p AYAEEL N, #f
FR, TEAN AT R F N, RAPLA W] 5 40 i
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Ak BRI AT R B, B 0 B IR Y B
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[ Bio-TEK A,
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1.3.2  4ifufede Kord
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mimics , miR-488-3p inhibitor 1 miR-488-3p mimics
S YL B AN, SR AR RS R4 04 T 4 M 2R A7 1
I, FRRAEFL 2x10° AR AR T 6 FLAR, R
A A IR B 0% ), FHIC RNA Bt A6 Sk %) 200 ifg
PEATHE e 7F 125 L T MTE R FR W Im 5 pl
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IR B WK A WS B IR, BRBREHIRY )G

P58 20 min, F-EIHIEFRHH PBS W5 VLG H4 A
BRGSO A BB F= A, OF LA 52 W =
1 mL,6 h J5H#e ik 7% FBS (8 3523, 3 A 100
pmol/L Hey T, 4k 2E 15 57 24 h 5 i 48 40 M ik 47
JE SRS R 3 AN E AL,

SEI 4y 4. B 40 M % 44 NC-inhibitor FI NC-
mimics 73 H/E N miR-488-3p 1L X R 4H Flad 3% ik
X HRZH, [R) AY e 2 2 + T X B4 (Hey + NC-
inhibitor) , [F] 42} it 2 2 + miR-488-3p T HL 4l (Hey+
miR-488-3p inhibitor) , [ Y 2 i 0 iR + 1 3¢ 3k X} HE
2H (Hey+NC-mimics ) , [R5 2 Bt 2 2 +miR-488-3p i
#2315 4H (Hey +miR-488-3p mimics ) , [A] B 1% miR-NC
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7 H BCA 00 B PR B 5 I AR 1 RS o
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FEiEAT SDS-PAGE BERCHLUK S 0.3 A fHIRHLFE 2 h
WEAYE PVDF BE, 25 5% WiRR 4 05 % 1R £ A
4 h,PBST ¥t 3 W4l nA 1 1000 i Lt i
BERl A LC3 . p62 Fil RAP1A 5 Sk —$i , 4°C $2 K
A, PBST BRI 3 UK, &K 10 min, fff FHFR R LE A
1 : 5000 Y AR o E ALY AR 10 bt , B E T
FEIR L9 2 h, PBST PRI 3 UK S A 5% I
Bio-Rad B R 53 B4 1 A8 5341, LA B-actin 2
W2, K Image J ¥ A4 i 47 53 BT LC3IL/B-actin
p62/B-actin J RAP1A/B-actin B K BEAE, T H Y
H HAHRTRIEAKE
1.3.4 qRT-PCR # il miR-488-3p #1 RAPIA
mRNA 3%k

HRAE S RNA $2 05 Sk I 45, >R TRIzol 2
PR LT 4B RNA 5 L miR-488-3p 5 S i
SR G PCR 511739 5% 5% )2 qRT-PCR A6
miR-488-3p {71k, miR-488-3p 5|4 1 ) M 4 i A=
YR RN B 8 38 H GeneBank #5040 4 #x 1)
RAPIA BT IF 519, RAPIA . LS9,
5’ ~ACGGGTTAAAGACACAGAAGATGTTCC-3 *; F
W51 ¥ 5° -CTGTCTTGCTAAATTCTGGCCTTGTTC-
3’7, U6 LF5I4).5° -CTCGCTTCGGCAGCACATAT
ACT-3 , F U5 4).5° -ACGCTTCACGAATTTGCGT
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TCAGC-3’ ., PCR WK Z& M. TB Green™ Premix
Ex Tag™ 11 10 wL, 10 wmol/L L35 #A1 F e 5|4
# 0.8 pL,ddH,0 6.4 pL,cDNA Bt 2 pL, Hrh
MR VAR N 20 wL, PCR 74 1 #2574 . 95°C
10 min,95%C 5 s,60°C 20 s,70°C 10 s, 3t 45 MEH,
BEE 25 X IR F N 2 (miR-488-3p N & 4 U6;
RAP1A W& GAPDH) X FR R R4, AR
W 2R B , 4 BT R 5K 27 4 HT miR-488-3p
M RAPIA (& &I — 1k, AU, 274
=[ Ct (Sample) (FFIFEA) - Ct (NZ) (Tl
A) ] - [Ct (Gl) (BIEFEAR) Ct (NZ) (KLIEFE
AR ], ERmER 3,
1.3.5 miR-488-3p #1 3 [K 4 T 434

iz e 2 W (5 B 2F 5 F StarBase v3.0
(http ://starbase. sysu. edu. en/) 3 M7 Ul miR-488-
3p 5 RAPIA W5 A5,
1.4 FitFEHE

IR S A5 R Ry it BERE, SR A Graphpad
Prism 8. 0 et Rt L B it A 5t b 756
IEAS A TR BORR HIF S B e AR fE 2 (x2s) R
N, PIREAS A B R 45 3 (%) HE R B Student” s ¢ K56,
ZANFEAR Z 8] LR One-way ANOVA #6556, F-7F
FTE N PR L B, R A o 2 ) A O 1 4y BT R

. SX AL, ™ P<0.01,

Pearson FH5& R EL, P<0. 05 N ERAGITE XL,
2 H#R

2.1 Hey XJBH4HAE B 17K F B30

Sy YR 4 A F WRAE Hey SO0 53 #8928
b, Western blot Kl -2 L v B WEAH G 11 LC3 5
p62 MFRIK K, G5 R 7R, 55 Control 414 L, Hey
A A WEA OGN LC3 A RB B EI & (P<
0.01) ,p62 FHHFRIEHBFEML(P<0.01) , WK 1,
2.2 Hcy X miR-488-3p &% HI 2 0H

qRT-PCR Kzl FF A0 miR-488-3p [k, 4
RN, 5 Control AL, Hey 41 miR-488-3p I
FkTHE (P<0.01) , WLE 2,
2.3 FHINFRIZE miR-488-3p ZEFA T H S
FRIEHIF M

AT BIHG miR-488-3p 7£ Hey 75 S HF 41 A W
VR R JHE 20 53 0 % 44 miR-488-3p T4k (miR-
488-3p inhibitor) 1 miR-488-3p i ¢35 ( miR-488-3p
mimics) , KA qRT-PCR &l miR-488-3p ik,
45 B g Jn, 5 NC-inhibitor 41 4 o, miR-488-3p
inhibitor 20 H' miR-488-3p HY % ik b & A% (P <
0.01) ;115 NC-mimics ZH A kb, miR-488-3p mimics
2 miR-488-3p MY FE ik B B T 5 (P<0.01) ; % H
miR-488-3p TP Mlidt 3Rk Fr B e Ye it oy , IR £
RS E Y RIR WA 3,

1 Hey XF T4 WK A5 00

Note. Compared with Control group, ™ P<0.01.

Figure 1 Effect of Hcy on the level of hepatocyte autophagy
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2.4 miR-488-3p X} Hey % -S89 BT 40 At B 1 A 2200

J9 7 #E— 4R T miR-488-3p Xf Hey 5 S B AT
A F W B9 AE T TF 40 M9 %% 4% miR-488-3p inhibitor
J NC-inhibitor )7, [F] B 453 100 wmol/L Hey + i
24 h, K JH Western blot Kl H WA 3¢ 8 4 LC3 Al
p62 HYFEik 45 R, 5 miR-NC 44 1L, miR-488-
3p inhibitor 201 LC3 1Y 11 3k KT W 3 BRI, M
p62 MEE 1 2R IE B 8 F+ 5 (P<0.01) ; 5 Hey +NC-
inhibitor Z1 41 kb, Hey+miR-488-3p inhibitor £H Y45 34
—F(P<0.01), WLIKl 4A F1 4B, [A]IF, B miR-488-
3p mimics & NC-mimics % 44 -4 i 5 , Western blot
K B AR ) LC3 A p62 Fikmyae ik, 45 3 i
/8,5 miR-NC 444 Lt , miR-488-3p mimics 21 ' L.C3
fRIEE P 2Rk KT, T p62 A4 2K 11 38 /K - I
R (P <0.01) ;5 Hey+NC-mimics 24 A [t , Hey +
miR-488-3p mimics 2 LC3 AR 11835 B & 1 hn | imi
p62 MR 1 KA (P<0. 01) , WKl 4C F1 4D,
2.5 Hcy REFFFHAEH RAPIA HIFRIE

T FIEH miR-488-3p MV FMLH , 38 i A W15
B2% TargetScan 7£ 2844 (http ://www. Targetscan.
org/vert_72/) TN T miR-488-3p WL #LIEL A, 4
LI RAPIA 9 3° UTR 5 miR-488-3p f77E ¥ 1E
G XA (K 5A), HIERH 100 pmol/L Hey 11
A4l 24 h 5, qRT-PCR A Western blot £ il
RAP1A mRNA FI#E M FRX K, ERER, 5
Control 4AH L, Hey 4TI RAPIA 193345 18 3%
T+ (P<0.01,P<0.01) , W& 5B #15C,
2.6 miR-488-3p %8 (@ V= AT 40 fn f RAP1A Y
Fix

FET sk — R miR-488-3p X RAP1A f4H
] P& VE B miR-488-3p inhibitor 5 NC-inhibitor
FEYLITF 4 L, Hey (100 wmol/L) ¥ 24 h )5, % M
Western blot i I + 4 miR-488-3p J& i 41 ffd
RAPIA AWM F LA L, 458 BoR, 5 miR-NC 41
A, miR-488-3p inhibitor 41 - RAP1A & 4 (1) ik
K- R (P<0. 01) 5 5 Hey +NC-inhibitor ZH A
kb, Hey + miR-488-3p inhibitor 41 (1) 45 5 — % (P <
0.01), WLIE 6A, Hik, N 1 i —P By 5 IE miR-488-
3p V¥ RAP1A A5 HF40 MY F W, K miR-488-3p
mimics N NC-mimics 7 Y& T 240 it , [A] B 245 7 Hey T
i1 24 h, Western blot Fuilll i %35 miR-488-3p J& -4l
fii RAP1A B RBM M, R 5ZMKR, 5
miR-NC 2 5 Hey + NC-mimics 21 #H Ft, miR-488-3p

mimics 414 RAP1A 25 [ 9 2 15 K - 0H 2 T+ (P<
0.01,P<0.01) , iLI# 6B,
2.7 BF4ABEH miR-488-3p R KL 5 LC3 #0 p62
EAREMHEXES T

9T A AT 40 D miR-488-3p Y 2 3A K 5
Yij [ W 2 [ OC &R, B Pearson AH ¢ & FOXF

T SXHREA L, ™ P<0. 01,
B 2 qRT-PCR kil Hey T U405 miR-488-3p By
Note. Compared with Control group, ™ P<0.0l.
Figure 2 qRT-PCR to detect the expression of miR-488-3p

after Hey intervention in hepatocytes

VE: 1 X IRAL 2 TR 45 3: miR-488-3p THE 414 4 RKIEXS
HAZH ;5 miR-488-3p i A A, 5 THUXT AL, ™ P<0.01;
L FIEX AL, ¥ P<0.01,
3 %Y miR-488-3p T RIEH B,
qRT-PCR % TEAF 41 miR-488-3p B3Rk

Note. 1, Control group. 2, NC-inhibitor group. 3, miR-488-3p
inhibitor group. 4, NC-mimics group. 5, miR-488-3p mimics group.
Compared with NC-inhibitor group, “ P<0.01. Compared with NC-
mimics group, **P<0.01.

Figure 3 After transfection of miR-488-3p interference and

overexpression fragments, the expression of miR-488-3p

in hepatocytes was verified by qRT-PCR
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T 1 BT BEZ ;2 [ R R+ TS B2 5 3 : miR-488-3p THL4H ;4 Al B bR + miR-488-3p T4 ;5 [ L2 DR + 3k 3k %)
M2 ;6. miR-488-3p 1t FKIAA ;7. ML MR +miR-488-3p it Kk, A B: T4 miR-488-3p Kk )5 , Western blot A5 T4 i I Wi AH 5 25
I LC3 1 p62 FRIRAEAS ;€ D id 33K miR-488-3p J7 , Western blot Kl IF 41 g A MEHTSE 1 1L.C3 A p62 SR IBM Ak, 5 BIHEXS IRLLA
L, * P<0. 01; 5 B i+ T BALMI L, ¥ P<0. 01 ; 55 A1 e + 13 Feak ST BRAIAMIHE, 44 P<0. 01,
B4 THAGERE miR-488-3p J5 KT A0 H woKF- 224k

Note. 1, miR-NC group. 2, Hey+NC-inhibitor group. 3, miR-488-3p inhibitor group. 4, Hcy+miR-488-3p inhibitor group. 5, Hey+NC-mimics
group. 6, miR-488-3p mimics group. 7, Hey+miR-488-3p mimics group. A, B, After disturbing the expression of miR-488-3p, Western blot was
used to detect the changes in the expression of autophagy-related proteins LC3 and p62 in hepatocytes. C, D, After overexpression of miR-488-3p,
Western blot was used to detect the changes in the expression of autophagy-related proteins LC3 and p62 in hepatocytes. Compared with miR-NC
group, ** P<0.01. Compared with Hey+NC-inhibitor group, *P<0.01. Compared with Hey+NC-mimics group, “¥P<0.01.

Figure 4 Effect of interference and overexpression with miR-488-3p on the autophagy level of hepatocytes

miR-488-3p KB K -5 B Wi A8 H 1 Rk K
o #EAT TAHSCHE S BT, 45 2R R miR-488-3p
126357k 5 LC3 (r=0.9329,P=0.0002) & [13%
IR IEAHSE 5 p62 (r=-0.8086, P =0.0083) %
RIS BAHSG, WLIE 7,
3 g
[ B2 e 2R (Hey ) A& —FhE 77 19 75 B ik
5@%%%%%%*%%%&%&&¢?%%$%
il ey, FEE AT EEARRKIE S
ORI AE 1 Hey Fhim, RS R FH 0T, H W
JE— Rl AR Sr Bt AR B — R G HE Y 41 i

DB Af R A, Bl A 78 5 0 5 A8 406 A R FH 0 27 48
AV 240 P 5T 240 L g8 D 56 i >k 248 1 4 L ) e RN A
T, LC3 RN A Ay 2 AR R, Hob Le3nn
ISR AN EA F WGP T LC3T A2 g
PO PR, A & A B R LC3T [ LC3IT #E 4T
Ak, R HRTAEBR A A bR &4 5 p62 7]
VA B WA FH 5 A 1 /N 18 32 R L mT A oy
BIRIE BRIz ZACE T REW N ZK, p62 W]
A ER WS LC3 454, IR ) B WA IF 42
HHZ RUCE AR B3]
S A B L 1) R B A 4 A SR I 45 Y
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;A TargetScan £X il B/~ RAP1A T B84 miR-488-3p M 7EfLIL A ; B: qRT-PCR #:l Hey T+ HUIF 41 L5 RAPIA mRNA 3% ik;C.
Western blot Kiilll Hey T TF 4G RAPIA (W& HRIEBKFE, SXTRRAM L, ™ P<0.01,
B 5 Hey fedbFANIE T RAPIA 1y3RIA
Note. A, TargetScan query showed that RAP1A may be a potential target gene of miR-488-3p. B, qRT-PCR detection of RAPIA mRNA
expression after Hey intervention in hepatocytes. C, Western blot detection of RAP1A protein expression after Hey intervention in hepatocytes
Level. Compared with Control group, ™ P<0. 01.
Figure 5 Hcy promotes the expression of RAP1A in hepatocytes

TE: 1 FIMERT R ;2 . [R) AL DR ERR + T %] BR4H ;3 : miR-488-3p T4 ;4 [F] AU HE &R +miR-488-3p T 44 ;5. [F) AU P2 iR +3d ik
X HEZH ;6. miR-488-3p it IR ;7[RI Bt 22 +miR-488-3p i ik 4 . A: T4k miR-488-3p J&i, Western blot £l RAP1A 1363k
A4l 5 B i #23k miR-488-3p J& , Western blot £l RAPTA 2 FRIAMIMAS . SIIM AL, ™ P<0. 01; 5 [FI B2 it 2 AR + T xf e
HUAEL, ™ P<0. 01; 5 R BL e U2 +3d Rk X BRELA H, ““P<0. 01,
B 6 miR-488-3p Hla = A fL H RAP1A B2 H YRk
Note. 1, miR-NC group. 2, Hey+NC-inhibitor group. 3, miR-488-3p inhibitor group. 4, Hey+miR-488-3p inhibitor group. 5, Hey+NC-mimics
group. 6, miR-488-3p mimics group. 7, Hey+miR-488-3p mimics group. A, After interfering with miR-488-3p, Western blot was used to detect
the changes of RAP1A protein expression in hepatocytes. B, After overexpression of miR-488-3p, Western blot was used to detect the changes of
RAPIA protein expression in hepatocytes. Compared with miR-NC group, ** P<0.01. Compared with Hcy+NC-inhibitor group, " P<0.01.
Compared with Hey+NC-mimics group, P<0.01.
Figure 6 miR-488-3p targets and regulates the expression of RAP1A protein in hepatocytes
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Figure 7 Correlation analysis between the expression of miR-488-3p in liver cells and the expression of L.C3 and p62 proteins
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Effect of dapagliflozin on atherosclerosis and the mechanism
related to sodium hydrogen exchanger 1

ZHANG Shuping' , MO Xiangang'>* , ZHANG Shiyue', CHEN Juhai', WANG Lan®*, YANG Hui*, LIU Danan’
(1. Guizhou Medical University, Guiyang 550004, China.2. Comprehensive Ward, the Affiliated Hospital of
Guizhou Medical University, Guiyang 550004. 3. Department of Cardiovascular Medicine, the Affiliated
Hospital of Guizhou Medical University, Guiyang 550004 )

[ Abstract] Objective To investigate the effect of dapagliflozin on the formation of atherosclerosis ( AS) in
apolipoprotein E knockout (ApoE™”) mice and the mechanism associated with sodium-hydrogen exchanger 1 (NHEL).
Methods 24 6-week-old male ApoE™ " mice were randomly divided into ordinary diet group, high-fat diet group, high-fat
diet+dapagliflozin group (10 mg/ (kg + d) gavage) and high-fat diet+glimepiride group (0.5 mg/ (kg + d) gavage). AS

plaques in mouse aorta was observed by using HE staining after 8 weeks. The expression of sodium-glucose cotransporter 2
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(SGTL2) in the aorta was measured by quantitative PCR and Western blot. NHEI expression was detected by
immunohistochemistry. Then, mouse macrophage cell line RAW 264. 7 cells were treated with dapagliflozin (10 pmol/L) ,
amiloride (20 pwmol/L) and lipopolysaccharide (100 ng/mL) for 24 h. The expression of NHE1 protein was analyzed by
Western blot. The recovery rate ( NHE1 activity) from the NH,Cl-induced acid load was assayed by SNARF-1/AM
fluorescence method. TNF-a, IL-1B, IL-6, IL-10 secretion were determined by enzyme-linked immunosorbent assay.
Results The AS plaque area in the aorta of the high-fat diet+dapagliflozin group was significantly lower than that of the
high-fat diet group (P<0.05). The expression of SGLT2 in the aortic plaques of each group was significantly decreased ( P
<0.05). The plaque NHE1 expression in the high-fat diet+dapagliflozin group was lower than that in the high-fat diet group
(P<0.05). Compared with the LPS group, the LPS+dapagliflozin group had a significantly lower NHE1 protein level in
the RAW 264.7 cells (P<0.05). SNARF-1 fluorescence assay indicated dapagliflozin inhibited NHEI activity with

decreasing intracellular pH (P<0.05). ELISA showed that the contents of TNF-a, IL-1B and IL-6 in the cell supernatant

were significantly decreased, whereas the content of IL-10 was significantly increased (P < 0.05).

Conclusions

Dapagliflozin inhibits AS plaque development and cytokine release by inhibiting NHE1 expression and its activity.

[ Keywords ]
lipopolysaccharide ; ApoE™~ mice
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(LPS group ). I 2 Hif + i5 #% 51 ¥ 44 (LPS +
dapagliflozin group ) . g 22 M + F] K 3% #1240 ( LPS +
amiloride group ) . I 22 B + 3K 4% 51) 1 + Fi] K 3% F1) 24
( LPS+dapagliflozin+amiloride group) , 35 21,
1.3.7 44400 NHED (3R INE O

AR T WS FLAR A 24 h )5, R0
F,NHE1 —Hif B L) (1 2 1000) , HiAy )7 ik Al 3
W85 Western blot #:4E
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1.3.8 il pH {E R R (NHEL 1%1)

KB LR A N g pH " A KA
AilE BE 29 80% 9 RAW264. 7 40 Ml i 55 3% Fr A
SNARF-1/AM ¥, 37°C % 30 min, Vi), WOk
IREDMEE T, DL B 530 nm, &0 % 55
Pk 580 nm H1 630 nm ZEGIRE | A H LR,
SREC NH,CL iR 7 o 125 450 DU 20 JfL P pH i 0] &2 %
(NHE1 35 %), 2R ] 30 mmol/L NH,Cl & & 12 %
3 min, AN WEEVE 5 min 4543 20 M P S B R
B, AR TN E A0 A% 51 e i B A 3% ) 1 A TR
BEEURME Na®/H A8 $ i, Rf2 i NHE1 36 PR3 m
ARIA] pH = 87 Wi, SNARF-1/AM 11 2% ) nigericin
JEFE 30 min, LA pH B FIZEE R BE L A0 %I 4E LA pH
PR £ .
1.3.9 K44 TNF-o IL-1B8 IL-6 f IL-10 ik

Tl EEK B Y22 W2 [ 2 4G I 4% 4 TNF-oc  IL-18 | IL-6
FAL-10 ik WA A A a3 5% 13, iK% ELISA
RN BB AE VLI, I E 4% 41 TNF-o IL-18  1L-6, TL-
10 F43 0, A AR 450 nm AbiSEBUCEUE
1.4 SitZEFHE

K HH SPSS 22. 0 el AT B oy b, T
TR TR e bR M 22 (s ) o, dLIA] HE#CR
A Z Ty 2557 0, P TR) 22 S5 LU 25 5 R
LSD %, 5 ZZASFIER A T, K05, P<0. 05 FR 225
Bt Fm X,

2 #R

2.1 IE&5ERE D AENER TR AS 2R

Sh HIE B 1A P AT X AS TE I Y B, LR A K
1+ 51 5 Jik Ry o BE ARG I 3 S AR £ + 3k A B v T
TR 25 B AR B IRSR ApoE ™ /N AS JE U R 1
FPURAER (1A 1B) 5k g AR L, m iR IR
B BEH R E N (P<0.05) 5 = IR AR + ik 4% 51
Vrdl AS BEHLET RIS T = B Ik AL K S IR IR +AE
FIENRA, H2Z S A 50T 2= 82 L (P<0.05) , 1M =
BRARE +4% 51 26 IR A 3 S IR ik B 4 22 S5 B4 it 2
HX(P>0.05), MAh, EFELBES, A5
I IR (IR 1 TR ) e B TR 2 I b A
KEHAFEm, HES LR BSEIT¥E X (P>
0.05) , F IR KE + ik % 51 e 4 i R TR B + 46 51 36
JIRZH 5 735 B R 4 A B 28 AT A S 0 AT ot e A
HES LG L (P>0.05) , AR T
NRARE +4% 51 SE MR AL, =5 IR TR B + 354 5] 1 311 o B
IR, 3 2 I B O 2% 2 T 24 4R 38 A 37 e ik 2
FEBEIRIE AS TEK,
2.2 AS Bk SGLT2 & H K mRNA #RK&RZE

A SGLT2 HHIFZ A 520 AS BEH SGLT2
FIk R 0 TR AL B R T Ay B X R G
SGLT2 7€ 2 g Jk BEH (1) 2 11 2 mRNA ik, 4558
SR, 5B R EBH PR X R4 b g, AR AR AL | =

{E:A: EZk HE J (B ESIIKABERERMT . 1. B0 IRE 2. SR IR AL 3 RIS B + I S A 4 R IR IR+ B SE R AL, 5%
IR ET AR, *P<0. 05; SR IR K AL MR IR IR +4 S SR LL , " P<0. 05,
1 IRHEBNEXT Apok™ /N E Sl b Sl Kok REAE AL BESR B9 520 (n=6)

Note. A, HE staining of aorta. B, Plaque area analysis of the aorta. 1, Ordinary diet group. 2, High-fat diet group. 3, High-fat diet+dapagliflozin

group. 4, High-fat diet+glimepiridegroup group. Compared with ordinary diet group, “P<0.05. Compared with high-fat diet group and high-fat diet+

glimepiridegroup group, "P<0. 05.

Figure 1 Effect of dapagliflozin on atherosclerotic plaques in the aorta of ApoE™™ mice
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RE+IBAE I R BRI +4% 51 32 IR 4 3= 5 ik Bk
Herp SGLT2 % 14 % mRNA £k ¥ HE# 1% (P<0. 05)
(El2A~2C), Him IR B 4L S IR IK & + 1548 51 1
H IR + ¥ 5 EWR 4L 3 4 A SGLT2 & [ M
mRNA FiE2ZF LG IHFE L (P>0.05), #&nE
ik AS NI SGLT2, H SGLT2 #7554
SN IR AR SGLT2 23k, SGLT2 il 7 vl e Ik
i SGLT2 ¥ 54T AS 1EH .

2.3 ARF&EINE AS BIHk NHE1 & B Ri%

Kl NHE1 AI {2 #F AS BEHIE B, A SGLT2 #
A HE 51 i 5 2 AE AS BEH NHEL Rk, 45
W, 5K E A L, S IR B A B NHEL
Rk A EIHES BTG E L (P<0.05) , TAE
RS TR E W SR AL B SGLT2 #7755 4% 51) 14 b 3
JEBEH P NHEL A% F R IR ik g4l 3236 T (P<
0.05) , KHE 245 4% 51 2E IR 4] BE B N NHE1 848 5 i
REHA TR, HER LRI E X (K 3A,
3B), #i/~ NHE1 £ 280K AT BB 7E SGLT2 #i 4l
FIIAAEFNEHT AS AR HEVER

2.4 EETEHNE RAW264. 7 405 NHE1 EA %

B REME
2.4.1 RAW264.7 4i}fd NHE1 & %k

SRR LR 2 WA S NHEL 81
FIK 45T SCLT2 #5535 45 1 e k. NHE1 1 1 57
B[ KI8T 51, A RAW264. 7 208 NHE1 2635, 45
RANEI4A 4B WoR, 525 PO A LG, IR 24 Y
NHE1 25 /K I (P<0. 05) |, ks 51 e L bl >k
&R G 2 9515 S ) NHEL 25 F/KETH R (P
<0.05) BRI, BT A F] +3R 48 514 156 T3 T, 55 B
KIS A SERAE SN BT TR L, NHEL 28 1 KF- TG
WA (P>0.05) . #7848 51§ 3138 i NHEL
ZARVER, BRI NHEL 25 7K,

2.4.2 RAW264.7 4l NHE1 {if %

NHE1 ZhfE )7 1, ffi 1] SNARF-1/AM X552 608
BE LG R EE K I SGLT2 4 i F 35 4% 51 e Rt
RAW264. 7 4 il B, pH {H, 45 F /= A X T X i
2 FEIRRE S BT K g 1) B sl [ B AR AR T 20

Fz1 6 £A/NRIMAEEIEDI (25, mmol/L,n=6)

Table 1 Changes in blood glucose of mice in each group

iRl 04 2 )4 4 4 6 Ji 8 il
Groups 0 weeks 2 weeks 4 weeks 6 weeks 8 weeks
WS s
.EILU\.Q:E 5.28+0.97 5.08+1.01 4.97+0. 80 5.15+0.99 5.17+0.91
Ordinary diet group
N e
. Fil U\ﬁ i 5.33+0. 60 5.10+0. 88 5.28+0.71 5.35+0.63 5.30+0. 86
High-fat diet group
TSR+ K 5 Y
. il LA@'+J_+%§J{$ i 5.13+0. 46 4.92+0. 56 4. 60=+0. 98 4.62+0.94 4.82+0. 63
High-fat diet+dapagliflozin group
Y R TN T
. '_J.BEI U\ﬁ 1:%5];@%% i 5.34+0. 41 4.85+0. 83 4. 88+0.99 4.45+0.92 4.63+1.06
High-fat diet+glimepiride group
F 0.40 0.13 0. 62 1.41 0.61
P 0.95 0.94 0. 62 0.27 0. 62

T AR EIEAG I T Bk SCLT2 & [k & B £k SGLT2 & H# A B/ ; C: qPCR K E 3 ik SGLT2 mRNA #ik &, 1.

A
[=]

WIREH ;2. AR IRE AL 3 SR R +BAE AL 4 SR IR +A& 51 6 R4, 5k 4L, “P<0.05,
2 EFPKAHLP SGLT2 FikHM (n=6)

Note. A, Western blot detection of aortic SGLT2 protein expression. B, Analysis of aortic SGLT2 protein expression. C, qPCR detection of aortic

SGLT2 mRNA expression. 1,

glimepiridegroup group. Compared with ordinary diet group, “P< 0. 05.

Ordinary diet group. 2, High-fat diet group. 3, High-fat diet + dapagliflozin group. 4, High-fat diet +

Figure 2 SGLT2 expression in aortic tissue
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ErEVIRSR pH (BRI, 1M 3 48 pH (H2 3 48
T SC(EISA) o SR I NH, CL K ih iR 7 for J=
pH [8] 2 R H NHE1 351, 45 5 W 543 X IR 4] A
P, FEIRHE 51 ¥ BT oK 9% 1) By B[] I A7 7 T, 200
N NHE1 15 P& (P <0.05) ; 5 35 K% 51 4 20 A
Eb, 40 B 9 NHEL 3% £ I B 8248 4k (P>0.05) (&
5B), iSHESNET I, LN pH {E A 41 NHEL
TEPEAB A RO 5 T84 51 ¥ 5 B K g ][] B Ak 28R s
SN AR ], B 78 15 4% 5104 n BB S ) NHEL 36 $
ARG pH E,

2.5 EIRTEIME RAW264. 7 (AR R K HEER

Has X A e, LPS 4H 40 i F 3% TNF-a
IL-1B IL-6 #& i 3 ( P<0.05) ,1L-10 7 &
F /D (P<0.05) 35 LPS 4 H , LPS+3k4% 511420 K
LPS+B K 1% R 2 0] F 4 B 2 515 5 TNF-o IL-18
IL-6 ¥ (P<0.05) , ¥ IL-10 %5 (P<0.05) ; 5
LPS+BA] K 3% R 20 HL#5 , LPS+BAT K 38 1] + 15 4% 571 e 21
TNF-a IL-18 IL-6 } IL-10 &8 TCSi it 2 5% (P>
0.05) (% 2), &5RH/RIBHEFF 0] g i NHE]
WA LPS i S JAERL

A B A AR I 3 B ke NHET ik 6 ;B RZhkEEdh NHED Rk 85001, 1558 a ;2. SR B4 ;3 ik 46 1) i 4L 5 4. 4% 5

FEMRAH, SEIRREHMLT, *P<0.05,

B3 AR Apok™ /N SIKBELRZL SR NHEL RIEHIFE I (n=6)

Note. A, Immunohistochemical detection of NHE1 expression in aortic plaques. B, Analysis of NHEI expression in aortic plaques. 1, Ordinary diet

group. 2, High-fat diet group. 3, Dapagliflozin group. 4, Glimepiride group. Compared with high-fat diet group, “P<0. 05.

Figure 3  Effect of dapagliflozin on NHEI expression in aortic plaque tissue of ApoE™ ™ mice

A RBEEN AR T RAW264. 7 4l NHEL A A48k ; B RAW264. 7 4 b NHEL Faak B4, 1.4 (A 8412, LPS 4153
LPS +ikA% 5420 ; 4 LPS+FTRIGFIL 5 LPS+IkAR S+ K 3% F2H . 5725 X IRZAH L, * P<0. 055 5 LPS 41 [L&L,*P<0. 05,

B4 ARSI RAW264. 7 41H NHE1 2 RIA M (n=3)
Note. A, Western blot was used to detect the changes of NHE1 expression in RAW264. 7 cells. B, Analysis of NHE1 expression in RAW264. 7

cells. 1, Blank control group. 2, LPS group. 3, LPS+dapagliflozin group. 4, LPS+amiloride group. 5, LPS+dapagliflozin+amiloride group.

Compared with Blank control group, *P<0.05. Compared with LPS group, *P<0. 05.

Figure 4 Effects of dapagliflozin on NHE1 protein expression in RAW264. 7
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1 A SNARF-1/AM Z&GHAG RAW264. 7 4R pH 2846347 ; B RAW264. 7 4l Hf NHE1 3284040, 125 X A ZH ;2. k48 51 e

3 BARIR A 4 A S+ AR M 2 . 528 X IR AR, *P<0. 05,

B 5 akHEHERT RAW264. 7 418 NHEL 35 (n=3)
Note. A, Analysis of pH changes in RAW264. 7 cells detected by SNARF-1/AM fluorescence method. B, Analysis of changes in NHEI activity in

RAW264. 7 cells. 1, Blank control group. 2, Dapagliflozin group. 3, Amiloride group. 4, Dapagliflozin+amiloride group. Compared with Blank control

group, “P<0.05.

Figure 5 Effect of dapagliflozin on NHE1 activity in RAW264. 7 cells

R2 KM EWE TNF-o IL-18 IL-6 5 IL-10 &1t F3L (245, pg/mL,n=3)
Table 2 Comparison of the contents of TNF-a, IL-1B, IL-6 and IL-10 in the supernatant of cells in each group

ZH F1
45 TNF-a IL-18 IL-6 1L-10
Groups
23 1% R S
2 HXT A 491.8+33.57 71.58+6. 16 1458+43. 52 578. 6+56. 99
Blank control group
LPS 41
1010+61. 63° 151. 6+7.39° 2943+59.27¢ 253.1£51.71°
LPS group
LPS+iEH851)¢
- _$ 597. 643. 06" 123. 9+4. 09" 1458+119. 46 424.3+43.22°
LPS+dapagliflozin group
LPS+Fa[ K 7% A 41
o 575.8+39. 31° 119.3+9. 16" 1576+39. 31° 425.7+63. 96
LPS+amiloride group
LPS+FT A% | + 3546 51 52
. ,% el _% 545.7+23. 44" 123.9+6. 82" 1466+89. 28" 395. 642. 06
LPS +amiloride+dapagliflozin group
F 73.29 52.42 218.5 14.71
P <0. 0001 <0. 0001 <0. 0001 0. 0003

52 I IR LA, *P<0.05; 5 LPS 41 Lk, "P<0.05

Note. Compared with Blank control group, *P<0.05. Compared with LPS group, " P<0. 05.

3 it

AS BEHIY B LIRS 2l IkORE 2 9 oy H 22
SRR EL AR, SGLT2 il 57 J& H A e — I R
TR RS ELA R AP Co L5952 00 IXURS: () Bt 2, ARt
FELEI IR SGLT2 Ml FRIRA% 515 ] 98D Apok™ /1N
L AS BEHUE AL, BEMT R SGLT2 $ I FA 4% 511 A
{CATAPHI B NHEL 35, i vl 5 41l NHE1 7645
VI LPS 35 T 9E R, 1 Le/E TR AT 4% NHE1
FIF BT K 3% F Fr 540, 4 7m0 NHE1 2238 K 0%
PR, B2 SGLT2 MlRI4T AS HEHILE
3.1 RIS D IEER TR AS 2R
SGLT2 1l 751 A2 — o 308 3 B D 55 3 it/ N o )
SGLT2 SFe 3 S0 ] 55 ] 4 A 2 W WS 1 AL R 245
SGLT2 il 30 H A7 O M4 (9 O VR, T AR AR it

Wi McE O IEYIRE, BEAh, SGLT2 #1457 38 wT #1 fil
LA T ik | 035 i 4 i 2 20 L) R ML A il A4
WY WFSE SR SGLT2 1 70 6 U 20 B PR /N
Bl AS BEBRIE R 5 NI AS B &k R, AR
5% K IRAE ApoE™ ™ w5 /)N Bl b 387 8 TR B R SR AT A
DR BEHIE B, T e i KR IR R 2 i B e A K B
i, H s A IR B 40 B fin vl 9 SGLT2 )il 7136
K& F I, JE SGLT2 ) il 71) B 245 4% 5] 3¢ ik 4
AS BEHENTCHA 50D | B A% i ] g A PR
I3 ApoE™ " /INERL AS BEHLIE B, A 245 4% 51) 3 Jik TC 4t
AS RV, AWFFER FHEHL ApoE ™ /N BRI VE )1 ik of
FERE ALY FH /55 B IR £ IR 57 1T AR 7R g 1) o
1o T 3 R A s LY AS AR BT Ao ) B
FEARIF 5 Bt 181 36 B P e A, BOAS I 9 R T 3
KR A O R S IR IR IR IR IR I
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TR 534 R 3045 AL /) BRI A 15 4% 1) v B 4% 3] 3 ik
ANIFIREREZS ) AL R A TR s ik, /s Bl
PEEA TR M B 5t #2255, iTREA L
I (1) ATRESE S0 W) R ARBE R A 5 (2) K
D B SR FH 1 J S e B L g 205 (3) T 4 i b
AKER 5 (4) 250/ N RUREA /D | AR S50 I AN HE
B4 B Ao 532 W) /)N BRI AR 2 17 6T B0 B 1) 5
AR, PR AR 24 34 oK B I R AR/ BRUOE R Il
W A5 Pk IR A B 25 SGLT2 1l il 751) 41 il
FEREIRIE /N AS BEHIE B A 45 SR X vk
HBEGEAGT SGLT2 il 51> AS JE B A HTHL
il , R SGLT2 MRV TT AS AH O s 4 =i 8
(T e

3.2 AS IE#R SGLT2 EH K mRNA RIKFKIX

SGLT2 il 70 £E 44 N AR 7 T R A5 AE . (1)
FEE L E /N LR A0 SGLT2 B /ER ; (2) it
RN ARSI BRI A S AS R
LT, EBIPK P SGLT2 MY K1 L, AW 52 AL 5]
TR BRI BT F8h kN SCGLT2 3k
T, K 5 9] H U TR 4 BEER N 1) SGLT2 Kk
oL, Rl IR IR B 2 AR R K-, AWEIE & 3 N5 Ik
BEFET, 55 7 E %5 NHE1 mRNA K 8 5
ARG, N TSk BEE SGLT2 25 1 Al mRNA F3A9F
HAR O IAME ) T 90, K RESE SGLT2 4
IRTCH i O R SGLT2 &5 B etk ik T/
S SGLT2 Wl fE X} BEHe & A K JRAE A R, i
SGLT2 1l 351 Y B #0440, 1T e & 45 AR, AfFoR
KB SGLT2 1 il 551 SRS 5] v 388 3k ot 00 4 o7 R ARG o
WLANAE NHE 35, Jl o Lan e
3.3 AE5&EIE NHE1 EHRIA

AWFFEAE AS BEH S AN ¥R T SGLT2
TR 7S BA IR NHED (B8R0 . Fefi 1R 30
1o I KB A AR T K B L BE B N NHET 3R 53
n, B iRk 4l BE in ey NHET nl g SGLT2 i
FITRHE 5] 1 25 1 e S0 L 7 A% 510 36 J0K JC 1k A= 38K
N, IEAR G AT ISR Y NHEL ik,

ASC N B P A N SE B TR R AE T A A% B i X
NHE1 80075 F , 28 RAW B IS4 LPS i S
RO JFERLHY 5T TR A% 51 1 XA S 240 B 28 R A5 74
T NHE1 PVEH, & 335 4% 51 1 0T AR AH i 9 pH
DL A NHEL 36 M, H X 26 4E F IR Al 3% NHE1 #7
TR 3% R T RS BE , 3278 SGLT2 41 ifil 5] i i< A
BV I NHEL 36, NHEL T2 204 F 45 Fh 40

LA A e
3.4 ERFEHIE RAW264. 7 AR A EER

AR 5 38 A A 25 2 245 W A s 5 5 A
IRIE N T 19 281k, & B LPS i S e 4 K 1
TNF-a \IL-18 | IL-6 (34N L BBt R B F 1L-10 A9
> GERE PR T BT Bl A A8 B i i . L3R4 B 1t
R 35 3800 5 NHE L J000 ] 5] B g sl e i) Ak 38 280 )i
FHFZIT , £ 7 35 4% B3 19 0 R 5007 1T B8 3l 2o 410 7]
NHEI j=4

NHE1 ¥ Hi4h Na* M H #1738k, 85
ST pH A, AR DL R Z AT 5T
W] AS BEHeh NHEL k3", BEHe 5 5 40
BAEERAL pH (E FEAR, 280 BBk il DB R 25 i 3
pH (E IR, BRI PR T BB H I35 P 1Y) 5 g 4
HuThRE S # , 2k AS BEBIE AL RIVHE /R AR P 2R
bR e e o L I RN N i SR )
Floralozone fit 18 1t #1  NHE1 $iL ASPY  JRE/R T
NHE1 7 AS "h i CHVE T, AR A8 AR A I 3K
K GG TE BEE Y pH, (HFRATHFSY £ W] SGLT2
J 500 AT 3 A S0 NHED 36 PR30 AS B8 A%,
P IRHE 51 P AS 84 5 NHEL B &Rk, 46 %
NHE1 AEAF SR A IE R AL

AS BEH A 0 20 R ST T AL A A 2 6 R 4 i
(R SRR T AS B 53 78 BE R 20 2P 2 g IX 5]
b2 NHE1 K3k, 5T A B VR 402 AS B
He B ZAL AN M, S DL W A A M AR S X 4, &
PRIAHE A G 0 ] 40 e NHE1 & H %35 M NHE1 7%
PE AN LPS 75 5 M 7 i B ik, ELask b4 il 2L
N FEAAE NHED 3 500 BT oK 3 Fl g, FRATTA RIS
S5 5L SGLT2 il 71 BE 38 A 417 1l Wi 40 e [va) M1 41
Ji 43Pl ) S PR PR — 3 Wl NHEL
25 M1 4 sk #78 SGLT2 #fil 37 v] i i
P NHE1 2R3k G R P RAEH .
3.5 HARHABRRER

A 5T ¥ A X BE BB b R BE AT 5, RN
SGLT2 #kIFIVE AT NHET J& - i/ SRR 78 =t
AS HL ARSI A 5 e o th ik 75835 .

MR AR R R RRENLE IR AR S, (A
SEOLFRE SGLT2 #1471 v] figd i M il NHE1 3k
Kd P R FEDT AS fE . X 28 & B a2 TR Ak
SGLT2 #5814 P 47 7 AR, #h & SGLT2
PRIE RZ AT NHEL 25 AS BEHUE AL
AR BILTI A 5 R R Ae AR T L
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[ Abstract]
protect ischemic myocardium in mice. Methods C57BL/6] mice were randomly divided into Blank, sham, model
(AMI) , Xionghuang ( XH), Xiaoshi (XS) and Xiaoshixionghuang ( XSXH) groups. Following establishment of the

mouse myocardial infarction model, Blank, sham operation, and model groups were given normal saline, whereas the other

Objective To explore the effect and mechanism of Xiaoshixionghuangsan in regulating NO levels to

groups were given corresponding intervention drugs. Serum levels of cardiac troponin I (¢Tnl), creatine kinase isoenzyme
(CK-MB), and lactate dehydrogenase (LDH) were detected by ELISA at 12, 24 and 36 h after modeling. On the
fourteenth day after modeling, total NO contents in serum were detected with an NO kit, pathological damage of the
infarcted mouse myocardium was detected by hematoxylin and eosin staining, and the infarcted area was measured by 2,3,
5-triphenyltetrazolium chloride staining. At 12 h and 14 days after Xiaoshixionghuang San administration, serum alanine
aminotransferase, alkaline phosphatase, aspartate aminotransferase, creatinine, and urea nitrogen were detected by
staining. Results Serum levels of ¢Tnl, CK-MB and LDH in the XSXH group were significantly lower compared with
AMI, XH and XS groups (P<0.05). Serum NO levels in the sham group were high, but were significantly decreased in
the AMI group (P<0.05). Compared with the AMI group, NO levels in mice with myocardial infarction were significantly
increased in XH and XS groups (P<0.01). Compared with single XS or XH, NO contents in the XSXH group were
significantly increased (P<0.001). Compared with the AMI group, myocardial infarct sizes in the XSXH group were
significantly reduced ( P<0.05). In addition, the decoction markedly improved the degree of pathological damage to the
myocardium in mice. Compared with the Blank group, indexes of liver and kidney function in the XH group were
significantly increased ( P<0.01), and there was no significant difference in these indexes in the XSXH group (P>0.05).
Conclusions ~ When the classical pathway L-Arginine-eNOS-NO pathway is inhibited during myocardial infarction,
Xiaoshixionghuang San can regulate the level of NO in mice through the NO;”=NO,” =NO pathway to elicit a significant

protective effect on ischemic mouse myocardium without obvious toxic effects on liver or kidney function.

[ Keywords]
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Note. A, Ecg before myocardial infarction model was established. B, Ecg after myocardial infarction model was established.

Figure 1 Ecg resulis before and after establishment of myocardial ischemia model in mice
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Figure 2 eNOS protein Western blot test results
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Figure 3 Serum NO level of mice in each group
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Table 1 Effect of Xiaoshixionghuang San on serum myocardial infarction markers in mice

415 25 41 BRFARA PRI 2 T 4 I PEE| T A1 ke 2 201

Group Blank group Sham group AMI group XH group XS group XSXH group
¢Tnl( pg/mL) 5.12+0. 40 5.16+0. 84 52.11+0.90" 38.62+3.19 %% 30.31+1.88"" 20.92+2. 07 **
CK-MB( pg/mlL) 74.76x1. 54 73.88+1.29 431.03£16. 16" 303.33+13.65*%  218.77+8.61"* 122. 56+4. 99 **
LDH( ng/mL) 3.19+0. 08 3.130. 10 13.53+0. 63" 10.93+0.26** 8.48+0.23"* 5.76+0. 18 **

52 AL, ©P<0.05; SHEHILMLL, "P<0.05, *P<0.001,
Note. Compared with Blank group, * P<0.05. Compared with AMI group, *P<0. 05, *P<0.001.

R 2 A MEREEON/NEUTE DI RERREIE (xts,n=6)

Table 2 Effect of Xiaoshixionghuang San on liver and kidney function in mice

2 Acute toxicity W2 MR Subacute toxicity

ZHHA i s Tl e e 20 2 HH 20 fil A B 2l
Blank group XH group XSXH group Blank group XH group XSXH group
AST§ Bl X0
AST i1 CRTIRHAL) 73.68+6.54 141 1426.72"  76.90+0.38 74.96+5.58  137.56x5.58" 78.45+3.06
AST vigour( Carmen’ s unit)
ALT § I \f )
(ﬂ‘j]( ﬁlj&%ﬁ” 16. 49+0. 58 91.46+0.20" 17.07+0. 17 24.43+0.52 95.50+0. 38" 24.85+0.29
ALT vigour( Carmen’ s unit)
AKP i 3 (4 R H3/100 mL) .
7.76+0. 65 * 8.02+0. 10 7.83+0. 87 = 8.08+0. 62
AKP vitality ( King unit / 100 mL) * 15.770. 81 * * 21.200.45 *
o /L
WURFE e pmol/1) 19.95:4. 18 48.45:7.62°  26.71%7.63 18.953.83  54.53:12.48" 20.96x1.52
Creatinine content ( pmol/L)
J AL
RARF R (mg/ml.) 0.20+0. 01 0.46+0.03 * 0.21:0. 01 0.2120. 02 0.56£0.02*  0.210.01
Urea nitrogen content( mg/mL)
AR, S A4, C P<0.01; WAk Rk, 525 AU, ™ P<0. 01,

Note. Acute toxicity, compared with Blank group, *P<0.01. Subacute toxicity, compared with Blank group, ™ P<0. 01.
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WA S EEB AR FARY; CBRIY D M4 B A A4 P WA M4, 52 HEMLE, * P<0.05; SHRIAMLL, *P<0.05, *P<0.01,
B4 H4/NFEAESEHR TTC YL tasgi it

Note. A, Blank group. B, Sham group. C, AMI group. D, XH group. E, XS group. F, XSXH group. Compared with Blank group, *P<0.05.

Compared with AMI group, *P<0.05, *P<0.01.

Figure 4 TTC staining results of infarct area of mice in each group

VS A% FIAL B (BT ARAL o BORIAL D ML 40 s £ B
Es5 /RO IS HE B
Note. A, Blank group. B, Sham group. C, AMI group. D, XH group. E, XS group. F, XSXH group.

Figure 5 HE staining results of mouse myocardial tissue
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D, XH group. E, XS group. F, XSXH group.
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Figure 6 Survival of the mice in each group
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Establishment and validation of a pneumonia-enteritis model in mice
infected with influenza HIN1 virus

DU Baoxiang, YU Qinhui, SUN Qihui, WANG Liqging, YANG Yong" , RONG Rong”
(Shandong University of Traditional Chinese Medicine, Jinan 250355, China)

[ Abstract] Objective To establish a stable mouse model of pneumonia enteritis caused by HIN1 influenza virus,
and provide tools and means for study of the pathological basis of gastrointestinal influenza and antiviral drugs. Methods

Experimental mice were randomly divided intofour groups (n=6): 10 TCID,,, 1 TCID,,, 0.1 TCIDy, and control. All
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mice except the control group were intranasally infected with different doses of HIN1 influenza virus. After infection with
the virus, the anal temperature and body weight of mice were measured every day, and their fur and mental state were
observed for 7 consecutive days. After death, the organ index of mice was measured and mRNA expression of the HIN1 M
gene of influenza virus in lung tissue and ROR-yt in small intestine were detected by RT-PCR. Results Compared with
the control group, the body weight of model group mice in 10 TCIDy, and 1 TCIDs, groups decreased significantly, the lung
index increased significantly (P<0.01), the thymus index decreased significantly ( P<0.01 and P<0. 05, respectively) ,
and mRNA expression of the HIN1 M gene of influenza virus and ROR-yt in small intestine increased significantly ( P<
0.01 and P<0.05, respectively). The mortality of 10 TCID,, and 1 TCID,, groups were 67% and 17%, respectively,
while the other groups were 0. Although there were similar trends in indexes of the 0.1 TCID, group, there was no
significant difference. An infection dose of 1 TCIDy, was verified. Compared with the control group, the result of
histological sections displayed serious pathological injuries in the lung and small intestine of the model group. Moreover,
relative expression of IL-2, [L-6, IFN-y and IL-17A in the lung tissue, as well as GM-CSF and IL-2 in small intestine,
was significantly increased; in contrast, IL-6 and IL-33 in intestine were significantly decreased. Conclusions 1 TCID,,

virus infection was the best concentration for establishing a mouse pneumonia enteritis model. The establishment method of

this model is stable and reliable, providing a good pathological model for antiviral research.
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% 1 DAIESMRME
Table 1 DAI score standard

Wiy RETRE(%) MR et i = 1 A
Score  Weight lost  Stool consistency ~ Occult or gross bleeding
EH ¥
0 0 Normal None
hr
1 1% ~ 5% o /
Loose stool
R FEAS G
2 5%~ 10% Mucinous stool Feces occult blood
3 10% ~20% / /
4 520% i LA PRI i £

Dilute stool
T IEH A0 I MOk FE 08 5 0 . 2 )88 RAE, SRR T ALT]; 26
TRAEE  RAEA UL , A8 BRI JA B A P U AT L 1) 266 YA
B AT BB T AL TR RESEE, DAL= (MR T BRAME + 2EME AT TR
FEOME+HE M ME) /3,

Note. Normal stools, Well-formed pellets. Loose stool, Pasty stools

Bloody stool

which do not stick to the anus. Mucinous stool, Stools are not formed,
and there is mucus visible to the naked eye in the feces and around the
anus. Dilute stool, Liquid stools that stick to the anus. DAI= ( combined

score of weight lost, stool consistency and bleeding) /3.

x2 JEHF

Table 2 Sequences of the primers

cDNA F R
Ppia 5’ -CGCTTGCTGCAGCCATGGTC-3’ 5’ -CAGCTCGAAGGAGACGCGGC-3’
HINI 5’ -CTTCTAACCGAGGTCGAAAC-3’ 5’ -CGTCTACGCTGCAGTCCTC-3’
ROR-yt 57 -TGTCCCGAGATGCTGTCAAGTTTG-3’ 57 -TCCTGTTGCTGCTGCTGTTGC-3”
GM-CSF 5’ -TTCAAGAAGCTAACATGTGTGC-3’ 5’ -GGTAACTTGTGTTTCACAGTCC-3’
IL-2 5’ -GCAGCTCGCATCCTGTGTCAC-3’ 5’ -CTGCTGTGCTTCCGCTGTAGAG-3’
IL-6 57 -GCTACCAAACTGGATATAATCAGGA-3’ 57 -CCAGGTAGCTATGGTACTCCAGAA-3’
IL-17A 5’ -CCAGGGAGAGCTTCATCTGT-3’ 57 -CTTGGCCTCAGTGTTTGGAC-3’

1L-33 5’ -GCTGCGTCTGTTGACACATT-3’
IFN-y 57 -CTTGAAAGACAATCAGGCCATC-3’

5’ -CACCTGGTCTTGCTCTTGGT-3’
5’ -CTTGGCAATACTCATGAATGCA-3’
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(WF3),
2.1.3  #H4/NEIHZHEZ ROR-yt mRNA FIXT ik &

Xt ELHAR I, 10 TCID, £ .1 TCID,, 41/MNi
212 ROR-yt AHXS 35 1 B % T (P<0.05),0. 1
TCID,, HEA TS R R EEER (K 2),
SRR A NRRE FET R SR HE A
B3 M7 ROR-yt [ mRNA AR X 28 35 2 i 1
FAEYLERA 1 TCID,, .
2.2 ERWIELER
2.2.1  /NEUITS I 2H 2O B A P ARG

HE Je g R ILIE 3, 4558 Won Xk B /)N B
AR IEF A, FE b TCA MRS v, | & R
T JE] PRI 22 T R A 200 it 3 ) o 1 s TC 48 I, A
RUL /)N SR 2 D0 5K 20 240 Jf T R 32 i 40, J] e Al
L L ZE R AN T, 8 H P e 40 B 9 EEL 4 D
LI 0 T I R 1 TR 5 /DN i 2H SR A S B i 4%
EFEAWIZL, A0 9 T A I 4 4 4 HL 2 el
A B /0N SR % i 1 2H 280 B B ) SR RE B A

B 1 AdU/hRARE ATEFA DAL A&

Figure 1 Body weight, rctal temperature DAI score in eachgroups

R3 KA/NRUIET R AR RO 7R 4R

Table 3 The mortality, organ index and viral load of different mice in each group

4151 FETZZR (%) i % Ja g % LEEY FARE A
Groups Mortality rate Lung index Thymus index Spleen index Viral load
cofr:f jjoup 0 6.75x0.54 2.6x0.24 4.79+0. 97 0
10 TCIDs, 21
10 TCIDy, group 67 19.95+4. 86 1.03+0.32™ 4.03+0.53 37.79+20.27 ™
1 TCIDs, 41 " . -
1 TCIDy, group 17 13.02+3.62 1.77+1.27 4.74+0. 85 1.42+1.05
0.1 TCIDs, 2 .
0. 1 TCID5, group 0 8.85+1.08™ 2.84+0.22 4.17+0. 59 1.58+2.34™
S04, " P<0.05, ™ P<0.01,
Note. Compared with the control group, * P<0.05, ™ P<0.01.
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S IRAAMIE, © P<0. 05,
B2 &4/ ROR-yt JE AN 255 5
Note. Compared with the control group, * P<0. 05.
Figure 2 The mRNA expression of ROR-yt in four groups

TE A TS B MaHE

2.2.2  /NEURTEL SN At PR T 0 3 R 5k

55 HRAAH Eb A5 78 21 /)N Bl 21 2 v 4 B R
IL-2 1L-6 TL-17A TFN-y FIFIT Fe ik 48 i T e,
FEH/INBU SRR F ST BT (B 4)
2.2.3 /NEUBHSE N TRy SER Kk

X RELL AR b, A5 7Y 21 /0N B 20 40 b 4 it [R5
GM-CSF | 1L-2 fyAHXT 355 & 3 T & (P<0. 05, P<
0.01) , R/ SR AR HE N7 BTy, 5 1L-6 F 1L-
33 R AE W EREIR(ELS) .

B3 A4/ EALRIIE S Mg

Note. A, Lung tissue. B, Intestine tissue.

Figure 3 Histopathological changes of different mice tissues in each groups

0 SRR L P<0.05, ™ P<0.01,

B4 A4/ RZHZ AIE TR ks

Note. Compared with the control group, “ P<0.05, ™ P<0.01.

Figure 4 Relative expression of lung cytokines in different mice of each group

W HARAA L, * P<0.05, ™ P<0.01,

B 5 A4/ AN TR Rk

Note. Compared with the control group, “ P<0.05, ™ P<0.01.

Figure 5 Relative expression of intestine cytokines in different mice of each group
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R 215 S Th17 4 i B 43 W 1L-17 1L-22  GM-
CSF 25 5RE K 1, U0 I 18 G 8 25 8, 1 B 2% i 4
£t IRIHE3E S ROR-yt F6 35 DRI AR X 3 3 Jt oA 7 Ja
JIT S 18 S AE B A R AR

25 DU B B 7 /0y BRUTRE S Y 10 TCID,, |
1 TCID,, ¥ JZ 05 B o, 8 B 45 R B A, B 2,
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TRIBAS AL /N FRAE T 26 % i 3 200 e PR 3 38 19 O
FERYLF &R 1 TCID,, .

XF 1 TCIDs, i B 0 i E AT 30 UE , i 3LV F
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Ji) Ll 2 20 235 R AN AT, 2 A 200 Y 32 1 il 9 R 344
J£., RT-PCR &5 % &on, i &5 7 1L-2,11L-6,
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NI F E S/ A

/N E A R B R 2 N B BN T 2 4
VT2 bk EXL 200 b v i A A8 A 1 S AE L F- GM-CSF
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L A5 18030 325 1 R, 5 | e il ) Joi A i, % #4024 AR
M, EmEAL 1L-6 AT RS54 S  G i w
WG 7 3(STAT3) |, fE kI Bz 41 B 4 42, 410 il H 9
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HEAEIOT RGBT 5T R IR, IR A 45 T/ B TL-33 ] 2% fit
TNBS 53/ 7 4, HAIL I AT 68 5 194 Treg #H G,
PRI, 55 0E %t B AL AH B, At 92 45 AL 21 /) BB 41
21 11-33 f3 2 PRI 1 5 15 O, (R BRI )
AP 05

ZE LTk, AL HINT JEm 2 /0 BU 98 - 58
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[HE] BM HEREEHEFEF Lo HIF-1o) S/NEBATE M1 AR X HSZm L, FiE DK
FUARAR (BV-2 40 ) BEDLS> 4 6 4 : Control ZH 1 10.50,100,200.500 pwg/L 4 HIF-1o 55 FARISALBELH , R 5%
FEAL TR AR MRS BV-2 AU A5 A5 4b 5 SR F o 8 28 (1 BR300 o S A0 BT SR 4 HIF- 1o 25 1R AL 38 /S NF-kB
p65.p-STAT1 Fl TRAF6 2 1 &8 ft, &R SXTIRAM L, EH HIF-1o 2 RS /N MRS K, 217
TS AW, 5SS AR 4G ; L NF-kB p65 \ TRAF6 ZE [ 800t IRZH 3 2 8, R A1k B B 4 HIF- 1o 85 Ff b 22
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[RgA] SAEBETHET Lo BRIMER T N AN
[hE4ES] R-33 [ XER#RIRE] A [XEHS) 1671-7856 (2022) 09-0034-05

Effect of hypoxia-inducible factor 1« on microglia M1 polarization
and its mechanism

ZHANG Xueer, AN Hongwei
(Department of Neurology, the Third Affiliated Hospital of Guangxi University of Chinese Medicine, Liuzhou 545000, China)

[ Abstract] Objective To study the effect of hypoxia-inducible factor 1« ( HIF-1a) on microglia M1 polarization
and its mechanism. Methods Microglia (BV-2 cells) were randomly divided into six groups: control, 10, 50, 100, 200
and 500 pg/L recombinant HIF-1o groups. Morphological changes of BV-2 cells were observed by fluorescence confocal
microscopy. Changes of nuclear factor ( NF)-kB p65, p-STATI and TRAF6 protein contents after recombinant HIF-1a
protein stimulation were quantitatively analyzed by Western blot. Results Compared with the control group, microglia cells
stimulated by recombinant HIF-1a protein became larger, round or phagocytic, and their processes became thicker and
shorter. Intracellular NF-kB p65 and TRAF6 proteins were significantly increased compared with the control group, and the
result of groups with varying concentrations of recombinant HIF-lo protein stimulation were significantly different.
Conclusions HIF-1a can stimulate microglial M1 polarization and there was a dose-effect relationship between different
concentrations of recombinant HIF-1ar, which may be related to the regulation of TRAF6 and NF-kB activation through the
TLR4/Myd88/NF-kB pathway.

[ Keywords] HIF-1a; ischemic stroke; microglial
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I AL WILBE (nikon ) 5 4627 &G (BLT) ; il
FrAY (thermo ) 5 HL K A8 ( 5% A B 47, 62 5 seli-1-
0248) ; L, YK 1% ( bio-rad ) ; B 5% J65 (easybio, 5% 5 .
BE6092) ;CO, 553246 (biobase) .

1.3 KA E
1.3.1 Zifsssz

K H DMEM/F12 55573 i 4 1l FOWPHs 77
BV-2 /MR RANE, & T 5% CO, 37°CHF-A B 51
AR, BOSEUCE K IN AN, 70T 24 LA (40 ie
A HERTE T 24 FLHN ) A6 FLAR , kG335 1 d
JEBENLS M 6 41 : Control 4 10,50 ,100,200 £ 500
pe/L BEE SR T 1o HALE AR, Bk 3
NREIFL, Control ZH ANYEALFE, B 4H HIF-1o 25 H Ak
PR 4y 59 FH 8 40 HIF-1a 2 1 10,50, 100,200 il
500 pe/L ALEE BV-2 4iljitd 24 h,
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Note. A, Control group. B,10 pg/L HIF-la treatment group. C, 50 wg/L HIF-la treatment group. D, 100 pg/L HIF-la treatment group. E, 200

wg/L HIF-1a treatment group. F, 500 pwg/L HIF-la treatment group.

Figure 1 HIF-1a induced polarization of M1 in microglia
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Figure 2 Expressions of NF-kB p65, p-STAT1 and TRAF6 in
BV-2 cells were investigated by Western blot

A HRZE ;B2 10 g/ BREIS ST 1o 120 2R R4 C . 50
pg/L BT S F Lo T4 AU AL ;D 100 pe/L SRATE S
T la TYLE AL E:200 pe/L B TE SN T 1o T41E A H
AL F 500 pg/L BEIE SN T 1o AR AMIBA, S5¥RAM
I, *P<0.05, ™ P<0.1, ™ P<0.01;'5 200,500 wg/L G4 %S
T 1o TS ARG, *P<0.05;5 500 wg/L B4 %S H
T la BHEARBAME, *P<0.01,

B3 BEIAEFHET la Xt NF-kB p65 .

p-STATI Fll TRAF6 & [ R A& A5 I
Note. A, Control group. B, 10 pwg/L HIF-la treatment group. C, 50
pg/L HIF-1a treatment group. D, 100 pg/L HIF-1a treatment group.
E, 200 pg/L HIF-la treatment group. F, 500 pwg/L HIF-la treatment
group. Compared with control group, *P<0.05, * P<0.1, “*P<
0.01. Compared with 200 and 500 wg/L HIF-la treatment group, *P<
0.05. Compared with 500 pg/L HIF-la treatment group, **P<0.01.

Figure 3 Effects of HIF-1a on the expression of
NF-kB p65, p-STAT1 and TRAF6 proteins

1B (interleukin-1B, TL-1B ) | 5 5 B — % fb & 5 g
(inducible nitric oxide synthase,iNOS) 4 2 S5
2k MRl D REAZ L 5 7 s’ A NF-wB #EIESE AT LUK
T /N BT 200 L, I 3 ST A 0 M B A M1 3R
A BRI > NF-kB p65 W AZ 5% A ] NF-
kB 55565 Il /N 5 40 i M1 B Ak, DA T ik 20>
48 B T 1L-6 1L-18 I TNF-o B RS | o4k, 10
TS 1 NF-«B _F 98 AT 98020 HIF-1a (97742, MM
V555 SR AR S 7 A A — R B I G RS T R R
RESE  AHFSE R EET NF-kB p65 &1, K2
i FE A HIF-1o 2 H RIS, NF-kB p65 Fika Ul
TR 3), U NF-xB p65 5 /)8 i 5t 40 g M1
RIN AL R REAEA Y A B0/ NI B 4 e M1 A Ak
K 38 [ A HE I 24 B2 U B (janus kinase, JAK)/

4 /NESFRANAE M1 B AR pL i

Figure 4 Mechanistic diagram of M1 polarization in microglia
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TR BBENLAY S 4 (G4 15 H) A BER KL (NS) S N BRI I B A 4 (#5548 ) \miR-NC 20 A1 miR-214 40,
B NS AN, HAYAH 5 7 S 79 B R T I AR AE A5 . miR-NC 2H 1 miR-214 2143 )16 BRBE AT HF miR-NC-agomir B
miR-214-agomir RGN, RAGRREDOCIEA TG D mTORCL AY iR, TUNEL S o6 0 i S 2L A i 1,
RT-qPCR 43 M7 B4 20 miR-214 235, 40 B1FF miR-214 030 A1 mTORC1 #7550 Jk A HT22 3 T34 22 T 41
M, SR G B TS, SR FH A 2 40 AR 43 7 40 M9 B9 77 15 17 0 A1 Western blot 431 TEFB | C-caspase3 & [ 15,
SR 5 NS A, B2 K B S P miR-214 B R (P<0. 05) , 3 FLiE A 2 40 i T B 44 m (P<0. 05)
SRR A L, miR-214 43 Th I 28 T T08 55 ( P<0. 05) o A= WyME B 2 T0MIE ] mTORC F miR-214 =2 [ 77754
SEEZE AN . PV BN, 5 NS 4 HLER SR 53 i D 41 20h mTORCL kN ( P<0.05) , miR-
214 3597 BFH AR T mTORC1 235 (P<0.05), M4k, 5 NC MR A L, si-mTORC1 4 4t S8 R 5 T 5 18 B Y
HT22 5 Thh 2T A R 1 % | 2 B (I5, If B TFEB 3R 35 B 3 H9 iN (P<0.01) , LA B C-caspase3 [k (P<0.05),
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[XER] miR-214; 7B ; FFEHAE ; K M4I0; mTORCI-TFEB 3 %
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Protective effect of miR-214 on neuronal injury in propofol-anesthetized
thoracotomy rats

YANG Jimei, LU Wenjiang™ , ZHOU Jiaojie
(Department of Anesthesiology, Leshan People’ s Hospital, Leshan 614000, China)

[ Abstract] Objective To investigate the protective effect and hiological mechanism of miR-214 on neuronal injury
induced by propofol anesthesia, and elucidate the underlying mechanisms of this process. Methods Seven-day-old male
Sprague-Dawley rats were randomly divided into four groups (15 rats per group) : normal saline (NS) , propofol anesthesia

thoracotomy exploration ( model ), miR-NC and miR-214. With the exception of the NS group, all groups underwent

[ BB ] /I TASE BHORE T H (195YJS56) ,
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[BEEE ] L(1963—) , B, AR, FAREEIN, WFF D5 1) . 2RAFI T RERYE M . E-mail: yingyingxiaoaq2@ 163. com
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establishment of the propofol anesthesia thoracotomy exploration model. In miR-NC and miR-214 groups, miR-NC-agomir
or miR-214-agomir, respectively, were injected into hippocampus before anesthesia. Expression of mTORCI1 in the
hippocampus was detected by immunofluorescence, apoptosis was detected by TUNEL staining, and expression of miR-214
in hippocampus was analyzed by RT-qPCR. HT22 hippocampal neurons were transfected with an miR-214 inhibitor and
mTORC]I inhibitor, and then exposed to propofol. Flow cytometry was used to analyze cell survival, whereas Western blot
was used to analyze protein expression of TEFB and C-caspase3. Results Compared with the NS group, miR-214 in the
hippocampus of the model group was significantly downregulated ( P<0.05) and apoptosis of hippocampal neurons was
significantly increased (P<0.05). Compared with the model group, apoptosis of hippocampal neurons in the miR-214
group was decreased (P <0.05). Bioinformatics prediction indicated the presence of a specific binding site between
mTORC1 and miR-214. Compared with the NS group, expression of mTORCI was increased in the model group (P<
0.05), and miR-214 treatment significantly reduced expression of mMTORC1 ( P<0.05). In addition, compared with the
NC group, si-mTORC1 transfection significantly reduced the apoptosis rate of HT22 hippocampal neurons exposed to
propofol (P<0.05), increased TFEB expression ( P<0.01), and decreased cleaved caspase 3 ( P<0.05). miR-214

inhibitor transfection significantly reversed the protective effect of si-mTORC1 and changes of TFEB and C-caspase3 protein

expression induced by si-mTORC1 (P<0.05). Conclusions

miR-214 attenuates propofol neurotoxicity through the

mTORC1-TFEB pathway and improves the survival rate of neurons.
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0.01), It4h, 5 miR-NC 214k, miR-214 40 K f
S miR-214 B B89 (P<0.001) (& 1A) . BF
FEHE— A R T HT22 5 5 22 o 4 i,
R | SIS S 10 miR-214 KI5 30
BRI R 25— 30, I H i 5 70 B DAR it (0 ~
100 pmol/L, 24 h) FI i [ 4 (60 pmol/L, 0 ~
36 h) 15 2K miR-214 K (K 1B.1C)
2.2 miR24 BRBARHREFEREFSHH
AT

K FH 375 5k FL 48R TUNEL WSS 25 200 it o8 1~ 15
M, Z5REM 5 NS 41 He, AR A 75 0 S ph 2 2
ML T (P<0.001) , LB T Af DR 28 oo i ik | A% i
24, AR, G 5 B REA, 08 T /MA B 2 ik )
BRAS 5, S i J5 25 FE AR, SRR L, miR-214 4H
FELERE N T8 75 o 220 0 40 i R 28 fioh 4 Bt A AR AL AR 4 1,
It FLifg Shpp 2 e T3 (P<0.01) (R 2. K 3)
2.3 miR-214 5 mTORC1 &4

J T HE— ST miR-214 50 5 D9 ) bR s T
WA SO 2 M 8 T A 4 L AR S T

A KRB SHAH miR-214 B335, 5 NS AR, ™ P<0.01;5 miR-NC ZHAHLL, " P<0. 001 ;B A [ e B 5 D5 3 TR 34~ HT22 41
Mrf miR-214 AKX ;5 0 pmol/L ML, * P<0.05, ™ P<0.01;C; 5PN A [FIHLET E]) F HT22 418+ miR-214 Y314 ;5 0 h 4141

I, * P<0.01,

Bl 1 miR-214 7E-5 P9 B bR T I8 F8 A 45 A RN 41 A 7Y rp 2 ik 2 1

Note. A, Expression of miR-214 in rat hippocampus. Compared with NS group, “* P<0.01. Compared with miR-NC group, **P<0.001. B,

Expression of miR-214 in HT22 cells stimulated by different concentrations of propofol. Compared with 0 wmol/L group, * P<0.05, ™ P<0.01.

C, The miR-214 expression in HT22 cells under different stimulation times of propofol. Compared with 0 h group, ™ P<0.0l.

Figure 1 miR-214 was dysregulated in a propofol-anaesthetized laparotomy model and a cellular model



R E AR 275 2022 4 9 A48 32 %45 9 Chin J Comp Med, September 2022, Vol. 32,No. 9 43

— SO 2 5 0 T E 245 miRDB | miRanda 71
TargetScan, Z5 R 4815 1 6 Mk FE 3L A (&1 4A) .
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65 5286 (E 4B) . 78 mTORC1 1) 3 UTR Fl
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WAL T miR-214 ## mTORC1 (U fE 1. 1F 40
IRAREE , T miR-214 B0 e Gy B 1 1 B A AU ¢
JERMEFRIE , MR AR R LB X S /EF (K 4D)
BE AR 30 3 G 5 A DN S5 DA 193 SRR T R 8 e A A
1 mTORC1 ik, 5 NS 4l , A0 41 155 S ifg o fof
224 4 mTORC1 2k 11 ( P<0. 05) , miR-214 &
J7 B EREART mTORC1 %35 (P<0.05) (K 5), X
degk LI mTORCT /& miR-214 1Y ERESEIEA
2.4 miR-214 & mTORC1 7 % W & /33 HT22
BoWME THAR B HERMER

HA LA 73 Hr R | si-mTORC1 5% e ) 5 5%
TSI Y HT22 1 5 4 28 0 40 A A0 0 7~ 2 8 251K
T NC X B4, 1M miR-214 0041 50 54 e i 250 5% T
si-mTORC1 M PR4P1EH (K1 6) . Western blot 453
R, si-mTORC1 % YL () 22 8% T 5% N 9 A9 HT22 16

TR 25 JEA L FP mTORC1 1k 7K - I i F#AIK (P <
0.05) , %M si-mTORC1 56 YL BCRIRE . 5 NC X
HEAH L, si-mTORC1 %% Y B2 F7 T % N 1) HT22
I oT A TFEB 3635 B 1N (P<0.01) , L
I C-caspase3 [#{IK(P<0.05) . 1 miR-214 # il 5) 4%
Yelg W% 7 si-mTORC1 5 5 ) mTORC1 , TFEB,
C-caspase3 & HFA AL (P<0.05) (K1 7.8)

3 Wit

CLZIESE, R R T RN M vl e 5 K 2= )
NIRRT 7Y i P B = - = e Rl N 2 P O 2
JGIAT, miRs ELHIESE S 50 28 2R BE 5%
IR R, FE A ST, B AT E R T miR-
214 75N E A 215 P o A T e A 2 DL A B ]
BEMI TR, Fef1 &L miR-214 78574 B R BT
I FR AT AR TR R 41 AR TR o e Gk G R EE BN,
miR-214 T LGS S e T, 25 BTk, X
SO SR B miR-214 76 VA1 5 N 0 RR T IR AR A 15
S R oo T I E AR

R 22 1 UE F 26 W, miRNAs 78 3 75 JBR % 571)
5 B 22 A B AT T B A 22 B I I AR A AR

B2 A5 ZH I A B A R [ (R

Figure 2 Typical images scanned by transmission electron microscopes in each group

T S E YR TUNEL BEYEANMG, 3 Qe G R AR . 5 NS 41MEL, ™ P<0.001;5 Model 414, ™ P<0.01,
3 A4 TUNEL Yy 5 1 25017

Note. Green staining indicates TUNEL positive cells, blue staining indicates cell nuclei. Compared with NS group, " P<0.001. Compared with Model

group, " P<0.01.

Figure 3 Typical images of hippocampus stained with TUNEL and quantitative analysis
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A A miRDB .miRanda Fl TargetScan —F 7E £k Tl T. EL B miR-214 AYHERE N ; B 7E 8 3L X 59 A %} mRNA 7K 5F; C: miR-214 Fil
mTORC1 Z [ L X ;D H miR-NC 3¢ miR-214 B YL HT22 4, 4200 mTORCI 3° UTR ZOGEEHEM: . 5 miR-NC Fejedi this, ™ P

<0.01, "™ P<0.001,

B4 miR-214 5 mTORC1 454
Note. A, miRDB, miRanda and TargetScan were used to predict the target gene of miR-214. B, The relative mRNA levels of potential target genes.
C, The target area between miR-214 and mTORCI1. D, Transfection of HT22 cells with miR-NC or miR-214 mimics to detect mTORC1 3’ UTR

luciferase activity. Compared with miR-NC group, ™ P<0.01, * P<0.001.
Figure 4 miR-214 binds to mTORC1

LAY FR mTORC (A, B G O RAMIE%, 5 NS 4L, * P<0.05;15 Model ZHAHLL, *P<0.01,
5 mTORC1 FikpyHEEs K K &t

Note. Red staining indicates mTORCI protein, and blue staining indicates cell nucleus. Compared with NS group, * P<0.05. Compared with Model

group, " P<0.01.

Figure 5 Immunofluorescence of mTORCI expression and quantitative analysis

UYL hn BT K miR-1321 " AR A R A
BRI aiEE PR EEAEN, Ak, SRR
T miR-34a 35, 195 3 40 ] miR-34a i 13 AL
AR AE K R T52 4K 1 (FGFR1) f£ 3 S 75 S 1Y
AR TR EAZ B Y EEER I S miR-
375 LSRR EEN T 0 miR-375 T EE T BRI A
i VR A 228 32 IR 7 ( BDNF) 8038 1 SN R 75 10

M2 AN BE T A0S IR T 0 R o 2 DT )
SREENY A HATH BT FATTIE AL 57 P 15 R
BT IR AR R KRR S b miR-214 WA R
I HLAEE ] 5 9 9336 97 19 HT22 i B 28 50 40 Jifd
o B SIS R 1Y miR-214 8 5 Sl AR 1 2
KRB, S DA B JRR I T I R A R 2 ) A4 A5 AR
PRI X G RTIREE—E Wu S BRI R
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5 si-NCHRRBHA L, ™ P<0.01;45 si-mTORCI+5 P +si-NC 41411, #P<0.01,
B 6 NAnpEAR AT HT22 g S 2 e A i 1
Note. Compared with si-NC+propofol group, ** P<0.01. Compared with si-mTORC1+propofol+si-NC group, *P<0.01.
Figure 6 Flow cytometry analysis of apoptosis in HT22 hippocampal neurons

5 si-NC+RNBAMIL, ™ P<0.01, ™ P<0.001,
7 Western blot 43T si-mTORC1 X 258 T- 5 I3 ) HT22 ¥ Th 4 28 Sl L 1 mTORC1 \ TEFB | C-caspase3 2 [ 3R 35 52 1 &
E BT
Note. Compared with si-NC+propofol group, ™ P<0.01, ** P<0.001.
Figure 7 Effect of si-mTORCI1 on the expression of mTORC1, TEFB, C-caspase3 proteins in HT22 hippocampal neurons exposed
to propofol was analyzed by Western blot

45 si-mTORC1+5# N B +si-NC ZHA M, © P<0.05, ™ P<0.01,
8 HT22 ¥ S Z el mTORC1 . TEFB . C-caspase3 5 13534,
Note. Compared with si-mTORC1+propofol+si-NC group, * P<0.05, ** P<0.01.
Figure 8 Expression of mTORC1, TEFB, C-caspase3 proteins in HT22 hippocampal neurons
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[ Abstract]
acids (FFA) -induced hepatocyte steatosis. Methods

Objective To investigate the estrogen-like protective effect and mechanism of quercetin on free fatty
Cell viability was detected by CCK-8 assay, and lipid accumulation
in hepatocytes was observed by Oil Red O staining. Following administration of various estrogen intervention paradigms to
HepG2 cells, the optimal drug intervention was determined to be post-treatment. HepG2 cells were exposed to different
concentrations of estrogen and quercetin in a post-treatment manner to determine the optimal concentration of drug
intervention. Cells were randomly divided into four groups: Control, model (FFA), positive drug estrogen control (E2),
and quercetin (Que). Triglyceride (TG) levels were determined using the glycerol phosphate oxidase peroxidase ( GPO-
PAP) method. Reactive oxygen species (ROS) levels were detected using DCFH-DA. Protein contents of tumor necrosis
factor o ( TNF-at) were measured by enzyme-linked immunosorbent assay. Expression levels of peroxisome proliferator-
activated receptor 1y coactivator-la (PGC-1a) , peroxisome proliferator-activated receptor &« (PPARa) , carnitine palmitoyl
transferase law (CPTla), and acetyl-CoA carboxylase ( ACOX1) were measured by Real-time PCR. Results It was
determined that 1 wmol/L estrogen and 30 pwmol/L quercetin post-treatment of HepG2 cells was optimal for subsequent
experiments. Compared with the control group, numbers of red lipid droplets and TG contents were significantly increased
(P<0.001) ; expression levels of PGC-1a, PPARa, CPT1ax and ACOX1 mRNA were significantly decreased (P<0.05) ;
ROS levels were increased; and TNF-a protein levels were significantly increased ( P<0.01) in the FFA group. Compared
with the FFA group, both the estrogen and quercetin group displayed significantly reduced levels of red lipid droplets and
ROS. Moreover, both the estrogen group (P<0.05) and quercetin group ( P<0.05) exhibited significantly decreased TG
contents, and both the estrogen group (P<0.001) and quercetin group ( P<0.01) exhibited significantly upregulated
expression of PGC-la. In addition, both the estrogen group (P <0.001) and quercetin group (P<0.01) displayed
significantly decreased TNF-a protein contents and significantly upregulated expression levels of PPARa (P<0.01),
CPTla (P<0.001), and ACOX1 (P<0.001). There was no significant difference in the above indicators between the
quercetin group and estrogen group. Conclusions Quercetin exerts an estrogen-like effect by inducing expression of PGC-

la, activating fatty acid B oxidation, reducing oxidative stress, and inhibiting inflammatory response, ultimately improving

hepatic steatosis.

[ Keywords)

A 5 4% P BB W 1 9% ( nonalcoholic fatty liver
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1.3.1 Ziffssss

HepG2 4 i % Il DMEM i o8 & 15 35 56 (&%
1% R/ BT R M 10% G4 17 ) , T 37°C 5%
CO, s FRAR LA IR
1.3.2 45

MR 4 4. X HRZH ( Control ) | # 5 24
(FFA) | BH P 25 0 33 = X HR 4 (E2) A fz R 41
(Que), (1)Control £ FHIE % K5 FEKGF; (2) FFA
HH 1 mmol/L IRA FFA % (MR BEM R =2 -
1) T 24 h;(3) L 100 nmol/L i 2 Fil kb 3 ( E2/
FFA) BEAAL3E (FFA+E2) FlJG A HE ( FFA/E2) i
FEYEeAE T I XN R BT, E2/FFA 100
nmol/L E2 Tkt ¥ 24 h+FFA T-7i 24 h; FFA+E2 :

100 nmol/L E2 Il FFA [A]A AL 24 h; FFA/E2.FFA
T 24 h +100 nmol/L M E G ALHE 24 h, (4) 4%
HPA 100 nmol/L .1 pmol/L F1 10 pwmol/L M & )5
A3 ( FFA/E2 100 nmol/L ., FFA/E2 1 umol/L #l
FFA/E2 10 wmol/L) DA & (10,20 F1 30) wmol/L #fi}
% 5 kb F ( FFA/QuelO, FFA/Que20 FI FFA/
Que30) #2590 Fe BT Pvk B . % LA b o 4L
TAK R AR F5 W 55 57 48 h JE Kl 45 46 bR, 16
A AL (TSRS MESR R M R TS5 ) 48 h
J& ,ROS Ff7 DCFH-DA %560 F 30 min JE R, H:
B R bR A R 1) 5L 50T A
1.3.3  CCK-8 iEA A0 i /)

HepG2 4fia LA%EF+ 8x 107 A% B 4271 5 96 fL
M, 5555 24 b, W 5 SR 2 I AR TR HR FE Y B2 %
W 100 WL 555 24 h, FIIA CCK-8 iX7) 10 pL 1555
1 h, BEARAT 450 nm AR W BEE  [R) VL A A
¥R B 1Y Que IR REMA
1.3.4 W2 O Yeta WA &

Yt Ak B W HE S 7R 3, PBS YRR, I 4%
22 5% F S 1 72 30 min, PBS BB, INAGHAL O T4
WYL a 15 min, PBS PRI, ITA TR AR R Y44% 1 min,
PBS PE¥, WM N AR,
1.3.5 GPO-PAP ¥&ll5E TG &

AL S  EER] 1.5 mL B0, B LS
JIA 200 WL 24, 0K L # E 40 min, RER H %
TR TG MEA G UL RN TG &, R T A
B0 B G BCA B P I s 370 &l B 5 0
AW DAL IE TG %6,
1.3.6 DCFH-DA 7EK ROS 7K

I f Ak FE S, PBS PR, A 10 pmol/L #Y
DCFH-DA ¢ Y6HR4MFE 30 min, PBS ¥E, %6 i
(G WP UE-Si VN
1.3.7 ELISA i TNF-a 7 1

Y M AL IR A M SRS 1.5 mL B0
,F 4°C, 1500 r/min #5010 min, B[, 16
ELISA 5 & Ul U0 TNF-a 85 % 2,
1.3.8 Real-time PCR Kl H A% 3% [ F2 ik /K

AL B A RNA R0 70 45 4
RNA, 43606 B2 RNA ¥k B 39 % 53 300 600
RNA 356 5 A cDNA , 4% i Real-time PCR 5 & i
il 20 wL PCR WA R F 5t & PCR XY 1,
PCR Wik & . Template DNA, 2 wL;2X Realtime
PCR Super mix, 10 pL;Primer 1 (10 wmol/L) ,0.5
wL; Primer 2 (10 pmol/L) ,0.5 wL;DEPC 7K ,7 uL,
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PCR S &1 . TR 95°C ,30 s, 1 MG ; PCR &2
I 95,15 5,60°C , 15 s,72°C ,30 s,40 MEH, L)
GAPDH HINZ: R 272 it S R A v ek & |
S1YFIILE 1,
1.3.9 KEMERESHIK
K OLYMPUS Y2 B R A RG0SR O
Yett f G pE e Yt il GraphPad Prism 6. 0 X
Hmseit A,
1.4 SitZEH*E
BAEAEF SPSS 23. 0 AT 4811434, S8 i
YR br i 22 (x5 ) TR, 2 40 18] HL 3R 3
K E J7 227087 (one-way ANOVA) , P<0. 05 74 [H]
EREG R,
2 #R
2.1 HEAYRETHRAXNSRETRIRE
CCK-8 45511 ,0~ 10 pmol/L ¥ FF 1) fi: g 2%

5 0~30 wmol/L ¥ & A M fz 28 2 A 24513 40 M 1%
J1, Hod 100 nmol/L M 8 41 i 1% 1 i i (P <

0.0001) , WLIE 1, IrAE#E 100 nmol /L MfE 3 2K i i
YRR, 5 FFA AL, 259 )5 Ab 3 7
KRR b (K 2A) , R PG &b 25 20 2
Y AT WM E . 5 FFA AAHEL, 1 umol/L Al
10 wmol/L M 2 5 Ab B AT {4 i % ¥4 BH g o /b (&
2B) 454 1 wmol/L MWL (H 40T 1 BH W48 v (P
<0.001) . KT, 2RH 1 pumol/L Wi 5 AL HLH T
JEEESLE, 5 FFA gHAH L, 30 wmol/L #if J2 2 J5 4k
PRET G R e/ (1 2C) o IR, SR 30 umol /L
W RGBT 5 22555,
2.2 Wil EKE HepG2 MMAnBE AT M

KL O Yt M F Mg R L, 5%
TEZHAH LE , 5 70 21 21 €5 i 0 0 35 30 225 T S5 R AU 2
AH G, E 35 2R 4 RN Rz 25 2 34 4ol 21 €2 i % BH S ik
b LA 3,
2.3 HlEEE{R HepG2 40/ TG &=

JIF 40 TG 5 2 AT S e JH 448 e i o FR 22 1
JE, SXTRRAUA e, AR AL A0 TG 75 i I R 3
i (P<0.001) ;1 SR AH L, B R H (P<

R YNER PCR 195191751
Table 1 Primer sequence for Real-time PCR

GIL B FIFH(5°—3") P BE (bp)
Primer name Primer sequence (5’ —3’) Product length
F:GCACCGTCAAGGCTGAGAAC
GAPDH R:TGGTGAAGACGCCAGTGGA 138
. F:CACTCCTCCTCATAAAGCCAAC
PeC-la R:GGACTTGCTGAGTTGTGCATA 190
F:GATATGGAGACACTGTGTATGGCTGAG
PPAR«a 83
R:ACCTCCGCCTCCTTGTTCTGG
) F:TCTACCATGATGGGCGGCTGCT
CPTla R:CGTCTGGGCTCGTGCGACATTT 663
ACOX1 F:ACTCGCAGCCAGCGTTATG 34

R:AGGGTCAGCGATGCCAAAC

1: 5 0 nmol/L #EFERA L, ™ P<0.001, "™ P<0.0001;5 0 pmol/L #fi ¢ KA LL, * P<0.05,
1 ANIRI e 2 M AT e 22 A B HepG2 40 O 20 1%
Note. Compared with the 0 nmol/L E2 group, ™ P<0.001, ™ P<0.0001. Compared with the 0 wmol/L Que group, * P<0. 05.

Figure 1 Cell viability of HepG2 cells treated with different concentrations of estrogen and quercetin
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0. 05) it e K4 (P<0. 05) fli i 40 i TG & & ¥
T M KA S MR AM L ZE RS H %=
LU 4,
2.4 #E =LV HepG2 A PGC-1a Rik
PGC-la ZEW TR R B A AL T BE | A Ak 0 3
FA A S Ty RIS 5 S HEE ], >R ] Real-time PCR
Kl PGC-loe mRNA K35, 55X BUATAH L, AR 2
PGC-1a mRNA [3RIK TR (P<0.05) ;1 SR AIZH
A, Ml 4 (P<0. 001) Al iz Z 41 (P<0.01) fifi
PGC-la FUZEIA 2 i b3 M e R4l S s R 4
2RI S, WA S,

2.5 #EEHE HepG2 LHRAASEA TS B S 1L IN6E

PPARo JE N2 A AL A 1Y 32 24035 (5, -
UL CPT 1o T ACOX 4351 AT 5z 2 44 A1l
i ALY AR R B A L DI BE, R A Real-time
PCR #: i PPARa, CPTla 1 ACOX1 mRNA ik,
%R ZH A He, B 24 PPARa, CPT1a A1 ACOX1
mRNA (251 F [ (P<0.05) ; 5581 20 41 1L | M
PR 4 M B2 R 434 AT PPARa (P<0.01) |
CPT1a( P<0.001) A1 ACOX1( P<0.001) [ 3k i 3
LV R S MM R AL E R SRR
X, ULE 6,

TE: A A [RIAE BH A BERCR XS HepG2 20 A MR O BEN 5 B AN A1 JIE B9 ME S0 Hep G2 40 A B4 82 0 5 €.« AN [ ¥4k JBE B4 K2 3R X HepG2

2 L B ) R

2 MEBCER R R ZXT HepG2 4H LR 1 720

Note. A, Effect of different treatments of estrogen on lipid droplets in HepG2 cells. B, Effect of different concentrations of estrogen on lipid

droplets in HepG2 cells. C, Effect of different concentrations of quercetin on lipid droplets in HepG2 cells.

Figure 2 Effect of estrogen and quercetin on lipid droplets in HepG2 cells

3 LT O B HepG2 4l M AL 1k
Figure 3 Lipid droplet changes in HepG2 cells by oil red O staining
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2.6 WEZERL HepG2 S LR

Y PN ROS 7K 1] Jz e 41 Jfd 19 4 Ak 1 3 FE
& ,DCFH-DA % & J5 >R F 2¢ 't Wb sk 55 WL % i 2
L ROS 720G i B 78 Ak, 5 0 BRZHAH T, 155 B 4
ROS ZR 5 05 5 W1 W 3G 58 1 5 B R 41 A0 L
I 385 25 20 A B2 2R 4 ROS 2f (6,58 615 5 24 08 55
WL 7,
2.7 HWEZEIME HepG2 A KM RN

TNF-a 52 NAFLD & A & @ v = 200 R 4
T, % ELISA 1l TNF-o &, S5XF A
FIH, BRI 4 BF 240 TNF- EE S B £ (P<
0.01) ;1 518 AU ZH AH L, MEI ZR 4H (P<0.001)
FH He R AL (P<0. 01) P AP A TNF-o 25 7%
R MR S M R A A S RS
TR X, A 8,

3 it

P2 M T D5 28 P AT R A R T A R D
JF9% , b 35 30 0 1 I &5 4 Ak R0 s A0 XURS: , 55 2 &
JEA A0 M . PGC-1a 335 5% 5 NAFLD
REREEVIML, FRME, BF N PGC-1a 1Y
fRFA AL BE NAFLD KB K B PGC-1a FE it
W/ B YL G 5 & e HF R s AR v, AR s
BN BRI PCGC-1a MYFRIE R, BB AL &
FIRE 7S T | 2 PGC-1o A1 2 542 {5 1T 21 Bt B iy
AR A A e M B 3R 5 BE M 2 MV R AR
AL, AT L PGC-1aw YFRIR Wl 42 240 B o AR 2R
FRE W ASYE W10 Bk T A R 2R A ME SRR A R
YERT, PGC-la BIFEIE b WA S5 iz 25 ok 35 1T 4
MORg A8 A OC, IF H 530G BE iR B A4k Il f%
AR I LA B Al R e s A G

TR R 3= B E S B R B B AL I, T2
fe it p EALIGER AL 22— WRIRH R B
AU A B DU 8 P 3 25 0 Ty T AR SR RN B D7 A4 B3
{24 NAFLD (IE I, BRI, W0E BRI e B 41k 1)
AEJE FH 1k NAFLD & A 9 g, JFrh Kt & ik
PPARa, VE 2 — B B A 0T % 5% X 1, BB AT 0035 =
SRR F AL B S i R B AL isfE iy B A
Tk CPTIa LR R IR TR B 41k Y 6
fifg, Boe— e B LR RSN B 1, v 3 S
Rt AL IR AT B AL b AR B = A
HENG R TR (very long-chain fatty acids, VLCFAs) %81k
Fris i E, ACOX1 J2& VLCFAs 161t E AL Wy Ak B

TE G XHRAAM I, P<0.001; SEFEIZ AL, FP<0.05,
B4 HepG2 40l TG & &
Note. Compared with the control group, ™ P<0.001. Compared
with the FFA group, *P<0. 05.
Figure 4 TG content of HepG2 cells

FE- S BAMLE, *P<0.05; SEBAML, *P<0.01,
" p<0. 001,

5 HepG2 4l PGC-1a mRNA kK
Note. Compared with the control group, “P<0.05. Compared
with the FFA group, ™P<0.01, *P<0.001.
Figure 5 PGC-lao mRNA expression level in HepG2 cells

T SX BRI, T P<0.05; ST M, *P<0.01,
¥ P<0. 001,
6 HepG2 AP IEIIR B ALK AR FhKF
Note. Compared with the control group, *P<0.05. Compared
with the FFA group, *#P<0.01, " P<0.001.

Figure 6 Relative expression levels of fatty acid B

oxidation genes in HepG2 cells
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B 7 DCFH-DA ¥¢{% HepG2 Ziifd ROS /K
Figure 7 ROS level of HepG2 cells by DCFH-DA staining

W SXTRAM L, ¥ P<0.01; SEERAH L, *P<0.01,
#p<0.001,
E 8 HepG2 #fifd TNF-a /K

Note. Compared with the control group, “ P<0.01. Compared
with the FFA group, *P<0.01, " P<0.001.
Figure 8 TNF-a level in HepG2 cells

AT PR R i, VLCFAs B 0k 1 % 5K 4 B
TR , Bt i 4 i o 80 e Pt — 4 A
I, S SE A B TE N D R B A A o i % AR
M, KRB XRERFER, BU®R B Akt H
CPTla Fll ACOX1 FILFEAL, T TIFIRRABLR ™,
A, NASH % JIF th PPARa 1Y 3% 35 AR 72
AHFGE RN, BiRIZH PPARo .CPT1a Fi1 ACOX1 35
YR B, W PPARa o FUF 3L K CPT1a I
ACOXI IR E SRR A B A7 06, MEM R T 10
Jii ,PPARa .CPT1a A1 ACOX1 YA 8 i,
WOTE T RRIR B AL TRk, DT 536 AT 40 L AR i AR
PE, TRE R M R T HUG BT MERE I
SEIL PR RAIE T8 R ME R B AR
AL N AR NAFLD & A % i vh 4y 1o 25 3 52 1)
PERZE?Y ) NAFLD A 35 B0 BEARAF & K 5
U R M AELTE P20, 2R R BE TR B AL Ak 388 fin iy
Wt L7 A 1 R ROS, 51 & Ak R 38, SO 40 i
Bifhi, ekt 8 ROS Sk 4 i o A2 7R A iy

FURE 7R 7 A IR B ik S Ak ™= 1, 473 2 R Ak T g
TN ARG AR, RIS iAol s ROS #E T 40
MIEk Kupffer 20 M 7= 4= & PE I 7, 51 & R &
B OARSLEG & B, BRI 4] ROS R A& E I F
TNF-a 7K P T, X 22240 5 PGC-1a [ FRIR T B
]IS} % £, 26 B i U R B 2481 PGC-1a 1Y 363K T [
SR ORI R PR BN A G, 5 B 2 R
JR—3, M Bz Z 0 ROS FTNF-o 42 A%, J8d% T 48
PRI ORI G Pk K2 N, 18— 2510 WA e 26 45 T M
REREMRIER . AUFFE R AELE R BRI, FFA K5 3%
(1) HepG2 4L i 5 Hh IR TR | S0 A o 38R 2%
JIN 255 TR, {H HepG2 40 itk 5 48 BRACF AT
MAAFAE 22 5, 0 T % TR L R 5 AR o0 2 B
NAFLD [ FTARHE, B BE, J5 2250 500K 2 o8 AR
/IN BV 200 A B DA B 4 30 O R A B, S T AN
SN RESE B TE IR W IR 5 2, Aokl Sk T
FEVR S5 1 — 20 Wik i Bz 3% 48 28 )5 2o Pk NAFLD
(15 B A FIBILA

25 TR TR IR 2 214 T, PGC-1a 2
K AR AN AR SRR 2R Oy A 5 AR, O AL
Sl B A AL REREfT | Ak N 3 DA B R M R
FISE, W Bl iE S PGC-1a £k, 30 g i
i B Ak ok 0 S A L 3 LA B I o 2 Mk S B, e X
ORI R T A 3 e 2 B 5 M 9 2K 1
1o 0, SRR B R T MBI R E

SE 3k
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Protective effect of ginkgo biloba extract on the brain in a cerebral
ischemia-reperfusion injury rat model

HU Zhe', ZHAO Jun’, SONG Wei’, YAN Xusheng’, YANG Zhanjun’* , JIA Jianxin®*
(1. Health School of Baotou Medical College, Baotou 014050, China.2. Department of Neurosurgery, Third Clinical Hospital of
Baotou Medical College, Baotou 014050. 3. Department of Human Anatomy of Baotou Medical College, Baotou 014040)

[ Abstract] Objective The exact pathogenesis of cerebral ischemia-reperfusion injury ( CIRI) remains unclear. This
study explored whether ginkgo biloba extract (GBE) can improve neurological function in a CIRI rat model and the related

mechanisms. Methods The CIRI rat model was induced by middle cerebral artery occlusion for 2 h, followed by reperfusion
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for 22 h. Varying dosages of GBE were administered intraperitoneally for 15 days. Subsequently, CIRI model rats were scored
for neurological function to evaluate the effect of GBE on their motor function. In addition, 2,3, 5-triphenyltetrazolium
chloride staining was used to detect the volume of infarcted brain, Western blot was used to detect expression of autophagy
marker proteins and apoptosis-related proteins, the serum activities of superoxide dismutase (SOD) and glutathione ( GSH-
px) and serum level of malonaldehyde was detected by ELISA. Results GBE significantly improved the neurological
function scores of CIRI model rats, markedly reduced cerebral infarction volumes, and significantly upregulated the activities

of serum SOD and GSH-px, while decreasing the level of MDA. In addition, GBE significantly increased protein expression of

Beclin-1 and protein expression ratios of LC3-II/LC3-I and Bcl-2/Bax, while remarkedly reducing protein expression of

Caspase-3. Conclusions

GBE improved the motor dysfunction of CIRI model rats by inhibiting oxidative stress and

apoptosis, as well as activating the autophagy system to achieve a protective effect on brain cells.

[ Keywords)

Fii G o P OHE B 45 ( cerebral ischemia-
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1.3.4  TTC e DL R it s AR T AT

SERAEHE R T TTC G2 0 8 R B UK Sk BTG
A= AR K HE TE IR 4L 4N, —20°C il B K004t AR K
K IG BE 341 53R 5 o & DIGF i i 7 A 2%
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(2.80+0.39) 43, 545 4 MR 4 LA A7 A i 2 1k 22
5(P<0.05), WA BhY)EE o e f 3 Z R BN 22
MR 4R /N A O i PR 99, A7 72 B o) A 000 % Pl s )
ArOfis] R4 sh ) BT i ST R SR R 4 e
&, RS E S Sh W T A 2 IR &
NREVESY, 525 X IR e, Hody 4 A sh 4 0)
REPE B TE W 1 22 57 (P<0.05) 5 5 AR 4 AH
L, 4% 700 a4 Bl 2 AT 2 A 3 B B A R AR (P <
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0.05) , JulArh I fE 4 | R d 2 0 Oy 3 ) 2
ZIFEFEARFR L R To i S (K 1.3% 1) .
2.3 GBE Xt FEITRGERE XK ME
ELISA S4B s #RrI 250G

a5 PG B AR L, BEAYZH MDA (1% i1 1 3
THABHEM(P < 0.05), 1M SOD 5 GSH-px A3 1
I T B 3 HERR A (P<0.05) ; GBE Ik 5 & 41
GSH-px Y 76 M 38 25 (A X B dl @ PR IK (P <
0.05) , 1M MDA (¥ F& &t i T+ (P<0. 05) ; GBE
o R A O B A g b AR R AR B

a0 28 FIRHIRAL b B4 s o GBE IR 42 d: GBE P
4 ;e GBE R4,

B 1 TTC Y /R4 sh IR SE AR L 5
Note. a, Control group. b, Model group. ¢, Low GBE group.
d, Intermediate GBE group. e, High GBE group.

Figure 1 TTC staining shows the volume ratio of

cerebral infarction area in each group

PR EE2ZR(P>0.05), SHEAY LA, GBE
AN EZ I MDA (9 & 4 B0 T W TR (P
<0.05),S0D 5 GSH-px % PE 4 8 2 7H i (P<
0.05) , Hor Ju LA s B 4 0k b A $8 B 14 5% i) ey
WEENER2), ERTEEEREWY, GBE AT DL
500 o R P B A A 0 A TR B A A A I B A
iR, GBE HA B Pt A b i ifE /.
2.4 GBE Xt mBEEFRGERKBRREALRB
MEHEXEQRIEMNZM

BERIZA 1Y Beclin-1 8 13I8 B34S FO0 2 Y
WFEK(P<0.05) . SERIZ L, % GBE Fl& 4l
Beclin-1 A5 w34 H 80 T B . F+ 5 (P<0.05) ,1H
PIH R X Beclin-1 1458 35 1 1) 52 Wi B ok dg 3% (1€
2A) . HE PN IRALAE L, AR A LC3-TL/LC3-1 (1)
HHRIRE HEY] RFER(P<0.05), SHEAIAH
5 ,4% GBE #HHH4H LC3-11/LC3-1 fsE Rk = U iE
I BT B TR (P<0.05) , B L ) & X LC3-
1/LC3-1 (A 85 2 35 1 O AE % 52 T e ol 8 3% (]
2B), biRgER LI GBE B UL 2 b i Bk i
BB R B A WK
2.5 GBE xtfstmBEFRGRE XRKALA
THXEARIZNZIT

FERIZH Y Bel-2/Bax 8 13234 & U AE 328 FXT
821 B B P4 ( P<0. 05) , 1M Caspase-3 [ 25 11k
I E N (P<0.05) , HBIAVA LEL, 4 GBE F
4 Bel-2/Bax FYEE I8k 5 U (34 H B0 T B B

R1 KUY RIIRETED BRI RI L (n=12)

Table 1 Neurological function score and infarct volume ratio were compared in each group

bl ARJ5 24 h GBE %2515 d
Groups Post-operation 24 h GBE administration 15 d
25 FAXT IR Control group 0 0
FERIZH Model group 2.91+0.45" 2.75+0.39 "
GBE i # 4 Low GBE group 2.66+0.32* 1.924+0.25 " *4
GBE H5 4 Intermediate GBE group 2.84+0.41" 1.51+0, 22 "4
GBE {741 High GBE group 2.78+0.38" 1. 60+0. 26 " #4

A O BRALMIEL, T P<0. 053 SEEAMILL, FP<0.05; 5 AR 24 h AL, 4 P<0.05.
Note. Compared with control group, * P<0.05. Compared with model Group, *P<0.05. Compared with post-operation 24 h, 4 P<0.05.

R 2 K4 ELLISA KI5 SOD  GSH-px MM 5 MDA &I HLH (n=12)
Table 2 ELLISA detects the serum activities of SOD, GSH-px and MDA content in each group

251 AL AL G (U/mL) A e H ik E AL P (nmol /L) T4 % (nmol/L)
Groups SOD GSH-px MDA
25 FXT R4 Control group 225.24+20. 05 52.65+5.18 1.95+0. 27
FERIZH Model group 155.41+12.65" 30.34+3.38" 3.51£0.36 "
GBE {51441 Low GBE group 195.53+18. 27" 40.09+4.77** 2.74+0.30 "
GBE 15| H4 Intermediate GBE group 214.26+17. 80* 45.28+4. 42* 2.22+0. 33"
GBE {7440 High GBE group 207.61x12.71* 44.23+3. 90" 2.35+0. 39"

TE S AR AL, © P<0.05; SR, "P<0.05,
Note. Compared with control group, * P<0.05. Compared with model group, * P<0. 05.
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VEa 25 FAXTIEL ;b A4 ; ¢ . GBE K840 ; d: GBE W& 4 ;e: GBE S5 &4, A:Beclin-1 ;B LC3-II/LC3-1 M,

o X AL, * P<0. 05 SRR A L, *P<0.05,

B2 A S E AN 5 L S 22N Beclin-1 2L AT LC3-11/LC3-1 8 iK1k
Note. a, Control group. b, Model group. ¢, Low GBE group. d, Intermediate GBE group. e, High GBE group. A, Beclin-1. B,

LC3-II/LC3-I. Compared with control group, * P<0.05. Compared with model group, *P<0. 05.

Figure 2 Western blot detects the protein expression level of Beclin-1 and LC3-1I/LC3-I in brain tissues of each group

Ha: 25 AR IRA b BRI s ¢ GBE IR 4 ; d: GBE 157 &4 ;e: GBE B F| & 41, A:Bcl-2/Bax % [1;B: Caspase-3 & [,

HasExfBAMEL, © P<0.05; SHEMAM L, *P<0.05,

B3 HH AR RN & A B ki 4128 Bel-2/Bax 1 Caspase-3 85 H Rk
Note. a, Control group. b, Model group. ¢, Low GBE group. d, Intermediate GBE group. e, High GBE group. A, Becl-2/Bax. B,

Caspase-3. Compared with control group, *P<0.05. Compared with model group, *P<0. 05.

Figure 3 Western blot detects the protein expression ratio of Bcl-2/Bax and Caspase-3 in brain tissues of each group
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24 X [R] Bifi 45 245 790 ik (4 384 1, 24 880VE FH 22 B3 4 34
s M R4 (100 mg/ (kg + d) ) 255507E &
BT R, 50 mg/ (kg - d) 2H 25504 H ik 21 =i
P2/ GBE B3 MCAO 7 K BRI S5 A 751 42 o %
F 50 mg/ (kg - d) BT,

REAEFFEIE A, P R 5 & 1 4k e i 463 43
AR AR 5 A HE G HEE T L ARSI v g
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IMiL3% SOD 5 GSH-px BTG PER] 3% fin, MDA 9 % &
B /N, W] GBE HLAT 3 AT AL L B 25 301
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T, % CIRT 452 %1 3h ) fisi 461 495 & #5835 04 P B 4
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MDA 1% B B/, % W] GBE B A i i Hi A
PRI 2555, S0 45 Ui GBE i i B Ak i
WA T CIRT AR 23405 A4 g 1~
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Protective effect and possible mechanism of mogroside V in rats with
meconium aspiration syndrome

CAO Yinli", SUN Yazhou, CUI Qingyang, HE Xiaojing, LI Zhenzhen
(Department of Pediatrics, the First Affiliated Hospital of Xinxiang Medical University, Xinxiang 453000, China)

[ Abstract] Objective To observe the protective effect of mogroside V against acute lung injury in rats with
meconium aspiration syndrome (MAS) and to explore its possible mechanism. Methods Forty-eight healthy Wistar rats
were randomly divided into sham operation, model, low-, medium- and high-dose mogroside V groups (2.5, 5 and 10 mg/
kg) and a dexamethasone group (0.5 mg/kg) with eight mice per group. MAS models were established by oral tracheal

intubation. After modeling, low-, medium- and high-dose mogroside V groups, and the dexamethasone group were

[E&TE 1A ESRHEAOCHR (B G 2L ) UH (LHGJ20190444)
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administered the indicated doses of drugs, whereas model and sham operation groups were administered the same volume of
normal saline. Pathological changes of lung tissues were observed by HE staining. The wet-to-dry weight ratio (W/D) of
lung tissues was calculated. The levels of tumor necrosis factor « (TNF-a) , interleukin (IL)-6, and IL-1B in serum and
bronchoalveolar lavage fluid were measured by ELISA. Malondialdehyde ( MDA ) and activity of superoxide dismutase
(SOD) in lung tissues were detected by colorimetry. Protein expression of c-Jun N-terminal kinase ( JNK) and
phosphorylated JNK (p-JNK) in lung tissues was detected by Western blot. Results Compared with the sham operation
group, the pathological score of lung tissues and W/D were increased (P<0.05), TNF-a, IL-6 and IL-1B levels were
increased in bronchoalveolar lavage fluid and serum (P<0.05), MDA and MPO were increased in lung tissues, the SOD
level was decreased (P<0.05), and p-JNK protein expression in lung tissues was upregulated in the model group ( P<
0.05). Compared with the model group, the pathological score of lung tissues and W/D were decreased (P<0.05),
TNF-a, IL-6 and IL-1B levels were decreased in bronchoalveolar lavage fluid and serum ( P<0.05), MDA and MPO were
decreased in lung tissues, while the SOD level was increased in medium- and high-dose mogroside V groups, and the

dexamethasone group (P<0.05). p-JNK protein expression was downregulated in lung tissues in medium- and high-dose

mogroside V groups (P<0.05). Conclusions

Mogroside V may reduce inflammatory and oxidative stress damage in MAS

rats by inhibiting JNK phosphorylation and thus protect them against acute lung injury.

[ Keywords ]
(JNK)

it & W A Z8 & fE ( meconium aspiration
syndrome , MAS ) J2& i JL& AR B A 78 30 a7 i 5 5L i)
HEH B 5 2SR A WG I 51 B JE | ST [
I3t PG MM 5 0 , ™ T S OV I R vy LA K 2 T
PRUIBEAR IR 3% ~ 12917 HATHF SR
B, G 2SR A T 50 A I IR S R A | AR A IO A 45
S MAS JIr Sl P Bl 453 475 v i DG S BRAL AR . 4R
T, F G R BB XS 200 4 Bk = A 801697 T B
FR [ 1 58 v 24 2 DUR Bl HIAE il 22 A0 5%) , 5AT 30 il
A IR AR Z R IR, 2 DUR B 2 % DUR S
Yy 32y, ik IR PR T PO
55 PUMRE PRI | Ik AR IR ST B 2 BT
PO eSS R ) B LR R T LA i ]
E7 A A EORIING |2 R a2 N L RTINS
BE' . I SR B UCREAF VX LPS VR 2t
I BAT GREIS . 78 MAS fgf i, 5k 2k
Hiti g 433 ) i g PR ZRAN ), B DR IE T VX MAS FIrE
R P 51 47 2 7 BAT DR AP T i AN TS A, A
FEETEMED TURBH V XF MAS KRSl 45
AR JER0 B R AR I BIL R

1 #RFFE

L1 Bz

SPF & HEVEHT A4 Wistar KL 48 H, /K (28
4)g,14~28 Hi&, W H A LK sh P b [ SCXK
(14)2017-0001 ], fl 3% T AR S 46879 0 [ SYXK
(#)2020-0011] , ABFFELH & BB s — M )E

meconium aspiration syndrome; mogroside V; lung injury; inflammation; c-Jun N-terminal kinase

P2 BEAS TR ZE B4 IE (TACUC-20201016) , I35 5256 5
Y I 3R BRI LT NI R 8
1.2 FELF S0

BRI V(L =98% , HR S B4 YRk
FABRAF, #S 200903) ; Gt Bl INK (£ [E CST
8E]L LS 201106) 5 p-JNK ( SEE CST 24 A, 5
201008) ; GAPDH Fi A& ( #I0 = 8 4= ¥ 5 R A R
Al it 210107) ; TNF-o ($1E5 201204 ) | IL-6 (#t5
201105) IL-1B (L5 200901 ) ELISA #5327 £ 44
W H DU 8 A4 ) TR A R ] MDA (it
210309) .SOD(#t5 210407 ) #3771 £ (B 50 Al
A TR R ) . — K PE K B & 5T ( Thermo
24G) ; bR 595 S A ( Biotek MK3)
1.3 EWHE
1.3. 1 JRasEml

WCEEAS Bt PR BB A= LI R S IR G 25, 1%
IR 24 h R BEES BOB AR, LA BEER /K L R 60
mg/mL TR ,—20°C PRAF
1.3.2 syl & 504

£ 48 FUFTAE Wistar K EBEHL S MIBRFARA 4
AU BDUR A VAR, e R 4 A ZE K A
4,4 8 H. KB MAS 7 g 7 = 5% 5
kL OB R 40 mg/kg 2% A5 HE 2 A8 6 P9
SRR AT BMAE [61 5 T 45° FA AR IRAE & | B TTF
Fgs /N0 T BRI [ 8 78 B 1A B fE S TTIF
T, FH— A 2 mL — P SRR A B BRI
(1) 24 45 Y BUERIK EE B AR /N AR L SR LD



64 [ AR PR 2 7 2002 4E 9 145 32 %55 O ] Chin J Comp Med, September 2022, Vol. 32,No. 9

J A R A 2 mL/ kg TR HC B0 R 2SR
B (AR B R K B R 60 mg/mL) |, [Fl BT854
BRI, 30 s 5 PRIk, RTFARLR A
FER AR D7 20 B AR (i A= B R K B ARG 26 1
ANGSEE R AIBRAG 2 A TS 6 h NIET- /Y KR,
MAS #ERIE# ST J5 30 min 46 B &, VIR 2H VAR,
h \%%Uizﬂ%‘%ifﬁkm ArEE 2.5.5.10 mg/ kg
WIUR A V(LL 0.3 mL A= FRER K 1% ) |, i ZE K
PAHHES 0.5 mg/kg Hi FERM ; R F AL FnE A 24
] 23 7 4 A AR K
1.3.3  AHRBRHEARSE bR

G 6 b F PR T 2 AR R BURR S, >R
LR BB 2 mL, $ A& PUEE L, 7325 1003 , W H
M43 B ASCHE AT 1< 43 A, A6 I 3 Ik ifi 48 43 He
(Pa0,) ;8RJ5 20 AL BE | SR 4R ifLFE 250 )5 B3
IBUILYE 5 205 FLAT Rl 2 ot i 946 98 39k - Ac 88 i 96 4 ok
W B A S WA LI SUE T 10% /RS
MRAE E 24 b KR AR Rl 2F - 80°C IR A
1.3.4  KEUHZZ HE Yot Jos BRPESy

B 7 S A fili 2 20 AU B K | i B A 2R
4 wm ELY) o WYL BT 9 AR R AT Y
o, BRI Bk U R BEPLIC 10 008 0
£ -2 M Turhan 2510 7 AT PE4), BV 4% 3 M4
fES N 0~4 43, (1) HATREIER .0 430 0%,
1530 0~25%,2 53 H>25% ~50% ,3 43 M >50% ~
75% ,4 53510 >T75% ~ 100% ; (2) fili i Jis (3 40 i Fe:
0=7C, 1 =147 ,2="K & ,3 = JL-F Wil i , 4 = il
WJEE e A E 5K (3) IS i .0="
B, 1 =50, 2 =15 M AT W, 3 = JLT- e, 4 = Jili
WS YRy k.
1.3.5 KEIHHLER/ THEL(W/D)ME

WG4 Il 22, W T 3R I 7K 43 9 FR o R
(W) 5, FHE B R &R TR 70°C 4t
¥ 24 h ZIEE, FREIFICETE(D) , IR Mg
w/D,
1.3.6 KEU#ZHZ! MDA .SOD MPO £l

HGER A At A 40 50 J e B 0, SR FH B G A I 1
BN (MDA ) ALY AL R (SOD) LU K &
I ALY (MPO) 7K 45 ™A 4 AR &5 1
i
1.3.7 ELISA ¥ X 5L V& Bz fi o0 8 Bk v vh
TNF-a \IL-6 IL-1B /KF

8 SR A AR R 0 6 R R 0 S B VB

ELISA ¥ TNF-o0 IL-6 TL-1B & &, B3 AH B i
F G UL IHERAE | 5 B ASC 5E 450 nm ZRIOE
FEAH, TR 2 i i b o it 23530 & A i e R U
bR K,
1.3.8 Western blot Kzl K AT 21 ZUAH 85 H ik
i BCA P 4R B 21 H 5, B 40
pg 1 FAEZS SDS-PAGE HL Ik 5 Ell & PVDF fi,
5% Wi NE WS IR B 2 h 5, 43 B A GAPDH |
JNK ,p-JNK —$HT 4°CHFF =85 Ve A 3t , %
TRAKEEMF T 2 h i ] ECL 32 W (%, Image J 73047 457
KA.,
1.4 FitFEHZE
fii I SPSS 20. 0 G it%5d , DAV 8+ R 22 (=
+s) Fern T OB, 22 41 8] b R UL R 2 25 5%
B, PP ELEE T SNK 75, DL P<0.05 #anZ A
GiteEE L,

2 #R

2.1 BNREH Vi MAS K RHALRFERG
EpA!

JEBE T AT DA T A 2 A BRI 6 s 3 A, i 76 2
[ 5 T A R S 75 R 4 AN A IR VI il 4 4
PRI R (4. 14+0.26) 43 BRI 2 R U 760 BE 6 20
IS FE 00, il 96 s B[R] 532 16 22 ) R P 440 i 3= Vi
B I VR BRIP40 (7. 29+2. 1) 43, BB FAR
A 5 TH R (P<0.05) 5 K57 B DU B v Ak
Jei Il L0 231495 e 4 M AN e v Vi A o el 3 | il 20 21
BV M (6.95£2.93) 41 H 5BV L o4t it
K (P>0.05) , M &Rl &S DUR BT V b
FERPAL IS | it 20 SU453 4 W1 Wb s %, A% M 4 i 3=
I 0 s | s 2 4005 BE VT 43 43 501 (6. 24+0. 82)
I3 (5. 4620.71) 43 F1 (5. 59+0. 85) 43, By ki Bl 40
B A ( P<0.05) . WLIET 1,
2.2 FNREH VI MAS XK PaO, W/D &
MPO 7K F By 20

S5RFARHE, HAIA W/D KiliZh 2l MPO
IKFEFHE (P<0.05) , PaO, /KF[EAK (P<0.05) ;5
BRI A, B DR AT Vo i e 2 M ZE Ok
FALH W/D K fifiZH 2 MPO /K -3 F&AK (P <0.05) ,
Pa0, KFTHE (P<0.05) , WK 2,
2.3 FNREHF VX MAS Xk R4 MM EF K
FRFMm

SF AL e, R 2 il o0 HE vk W S i



i R E AR 275 2022 42 9 A4S 32 %45 9 Chin J Comp Med, September 2022, Vol. 32,No. 9 65

B 1 UK R 400 B oE

Figure 1 Pathological changes of lung tissues of rats in each group

A HTF ARG, T P<0.05; SEMAMIL, FP<0.05,
B2 AR Pa0, W/D K MPO 7K 4R
Note. Compared with sham operation group, * P<0.05. Compared with model group, *P<0. 05.
Figure 2 Comparison of PaO,, W/D and MPO levels of rats in each group

TNF-o \IL-6 IL-1B /K FEXITHE (P<0.05) s S5HERI4H 2.4 FiNREH V 3t MAS XRATEAZ SOD,
Fode , BOUR R V i @R RO ZE RN AT MDA K ERISNE

TE VR S M TNF-o 1L-6 IL-1B 7K F-EIREAK (P H5IFARY i, A4 MDA KT+ (P<
<0.05), W& 3 K4, 0.05) ,S0D 7K F-FE&AE (P<0.05) ; SRR hds, B
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2.5 TNREHF VI MAS KR INK ES@EEMN &, PUCEREH Vi SHEA p-JNK KL (P<
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A HEFARGAAL, T P<0.05; SEMAMLL, *P<0.05,
B3 S KR BEE T TNF-a IL-6 IL-1B 7K LA
Note. Compared with sham operation group, * P<0.05. Compared with model group, *P<0. 05.

Figure 3 Comparison of TNF-a, IL-6 and IL-1f levels in bronchoalveolar lavage fluid of rats in each group

e HEFARLAL, © P<0.05; SEMAIMLL, *P<0.05,
B4 KHKBIME TNF-o IL-6 IL-1B /K i
Note. Compared with sham operation group, * P<0.05. Compared with model group, *P<0. 05.
Figure 4 Comparison of serum TNF-a, IL-6 and IL-1$ levels of rats in each group

T SEFARAMNL, ©P<0.05; SHEILIHL, *P<0.05,
5 BHKRMZZ SOD MDA /K- b4
Note. Compared with sham operation group, * P<0.05. Compared with model group, *P<0. 05.
Figure 5 Comparison of SOD and MDA levels in lung tissues in each group
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TE: LR TARE 2 B4 3~ 5. B PUR B VAR b SRR 6. MZERM A, SIRTFAREMIL, " P<0.05; SHEAIHM L,

#P<0.05,

Bl 6 &HKEMLAL INK p-JNK & 1R IX

Note. 1, Sham operation group. 2, Model group. 3~5, Low-dose, medium-dose and high-dose mogroside V groups. 6, Dexamethasone group.

Compared with sham operation group, * P<0.05. Compared with model group, *P<0. 05.

Figure 6 Expressions of JNK and p-JNK proteins in the lung tissues of rats in each group
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Western blot Jl FIFA 41/l EMT #H 525 [ ( E-cadherin N-cadherin Fl Vimentin) Fl EMT AH %% 5% K ( Snail , Slug I
Zeb2) BIFRIEKT . PRECEZEG FH THR R miR-30 5 Zeb2 MR PR ZR, ER  miR-30 76 2 MUFME GBC 418 &
(GBC-SD Hl NOZ) HFBH & T (P<0.05) , it %35 miR-30 241 GBC-SD 40 M 5 | v eI Al . 40 L iE 5% . 20 4=
ZEH EMT 72 ( P<0. 05) , it 363k Zeb2 AT LL¥ % miR-30 S 24 EMT #HI/E (P<0.05) . 451 miR-30 il i
# 1] Zeb2 18055 GBC AR EMT # % , W] miR-30 J&—FP P i il [ I/ GBC AUMT AN AE 4> TIRYTH A

[XiR] NHPEE ; miR-30;Zeb2; EMT
[FEHZES] R-33 [ XEktRIREG] A [XEHS] 1671-7856 (2022) 09-0069-07

miR-30 inhibits EMT of gallbladder cancer cells via Zeb2-related pathways

TANG Jintian'* , TANG Runjuan’
(1. Department of Hepatobiliary and Pancreatic Surgery, Xinjiang Cancer Hospital, Urumqi 830000, China.
2. Department of Rehabilitation, the Second Affiliated Hospital of Xinjiang Medical University, Urumqi 830000)

[ Abstract] Objective This study aimed to explore the role and potential mechanism of miR-30 in EMT of
gallbladder cancer ( GBC). Methods qRT-PCR was used to measure the relative expression level of miR-30 in
gallbladder epithelial cells and cancer cell lines. After overexpression of miR-30, MTT and colony formation assays were
used to assess cell proliferation. Wound healing and Transwell assays were used to evaluate cell migratory and invasive
abilities, respectively. Western blot was used to evaluate the expression levels of EMT-related proteins ( E-cadherin, N-
cadherin and Vimentin) and EMT-related transcription factors ( Snail, Slug and Zeb2). A rescue experiment was carried to
explore the regulatory relationship between miR-30 and Zeb2. Results miR-30 was significantly downregulated in two
representative GBC cell lines ( GBC-SD and NOZ) (P <0.05). Overexpression of miR-30 inhibited GBC-SD cell
proliferation, colony formation, migration, invasion and EMT (P<0.05). Overexpression of Zeb2 reverses the EMT
inhibitory effect caused by miR-30 (P<0.05). Conclusions miR-30 attenuates EMT of GBC cells by targeting Zeb2,
which indicates that miR-30 is a tumor suppressor and can be used as a novel therapeutic target for GBC.

[ Keywords] gallbladder cancer; miR-30; Zeb2; EMT
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JH %% 9% ( gallbladder carcinoma, GBC) J& JH 45 #<
o T A B UL R e L AR 28 P R S P IR | 200 Y A Bk
RPN BRF W 5 AR <SR R
EIZWANRTTY B BT H GBC By K4
A B R, DR Ry R A RS R DR 1 12 IR
FARYIGR 2 H e —A S mI6 97 7 2, B k= 6k
USRI T GBC ¥ A2 IIAYT TSRt . B, B
I GBC KA FFE &R 4T Ol HA HE A & X,

f#/IN RNA (microRNA ,miRNA ) J&— KK JEL)H
18~25 PMEZAF BRI/ AR S % RNA 4307, fEH
BRI IR PV IEPESD ] ¥, miRNA 7T DL 2 5%
& H AR5 RNA (mRNA) 9 37 JE B X (37
untranslated regions,3’ -UTR) Z54 , LI5S mRNA [%
AT 2 TR PR X /NG T DAAE
SRR B F ST, 7EIX 2 miRNA 4 T
Pt R IX I 6q13 (1) miR-30 BRI 7E S LR A 20
HEFFZR IR SR T, miR-30 7E GBC Ay HL 1 £
OFETEAE FHPLHIMTI SRR

PRt ZEABFFE Y, FATTHE T miR-30 7E GBC
200 i 2% v % e 400 4 RH X | e TR) 58 B e 1k
(epithelial-mesenchymal transition, EMT ) UE B 52
M, FA1& I miR-30 Al fE &l i AT E & 455 5
8 H 2 (zinc finger E-box binding protein 2, Zeb2)
I EMT SEFE A 0 CHE A 5

1 #eFnrE

1.1 4Apm

A GBC 4ijifs &2 GBC-SD Il NOZ Il [ & #} 2
B b AR an B2 OF TS BE ;1R W NI %8 [ B2 40 i &
HGBEC 4 H 3¢ [ ATCC 401 %, GBC-SD #il NOZ
YN R AE = B DMEM 5 5% B b 15 53 HGBEC 4t g
ZAE RPMI 1640 8535 R IR B3940 78 10% i 4
L3R, 40 i R I AE 37°C Fl 5% CO, WIIRIE IR EE T
Wi,
L2 FERXFSME

= DMEM 1535 3 (35 [ Gibeo 24 H)) ; RPMI
1640 H5 353 ( 3£ [/ HyClone 22 ) 5 I 40 1ML 3% ( 35 [
Gibco 23 H] ) 3 TRIzol 1 H] ( 3 E Invitrogen 23 F] ) 5
miR-X miRNA First-Strand Synthesis ¥ % 5187 £
miR-X miRNA qRT-PCR SYBR it # & ( £ H
Clontech Laboratories /A 7] ) ; pCMV ik A (L
Tk A=Yk A R A 7] ) 5 Lipofectamine 2000 ( 5%
Invitrogen A H] ) 3 MTT 57 & ( H A Dojindo 23 H])

8 wm /)% Matrigel it ( 3£ [E BD Biosciences 23 Al ) ;
45 i 58 (F2 [ Sigma 23 A ) ; RIPA 2 B &
( BB ERRAEYHARBRAA) ;—di[ bl E-55
B H (E-cadherin ) | N-45 %k 2 1 ( N-cadherin ) |
JE& H ( Vimentin) B-L3) 25 F ( B-actin) Fl HRP {H
B — 90 ( 32 Cell Signaling Technology A H]) . i
B (36 [ Bio-Rad 24 ) 5 b2 & 6 & 48 (3%
Millipore 2N F] ) .
1.3 EWHE
1.3.1 RNA ZEARZHT IR | Uk A4t K 20 A 5% e 0
il

A A miRNA A (miR-mimic ) DKz B X IR
PI(miR-NC) W H LIl BAEYFHREGRA A,
4K Zeb2 ¢DNA(GenBank ID 5. NM_9839) 7r [ 5|
pCMV iR ZH K (Zeb2) 1, 25 R JFUKL ( Vector) FIAE
R IR, GBC-SD 4l il B2 Ff 72 6 FL Ak H I 1
Lipofectamine 2000 #1755 4% . M4 5% Ye W A6 B
YRS A 25 4 miR-30 BAEXT B 20 Fl miR-30 #%
Yo, 2 AR G5 TAT T b B, 1E 5 K5 57 ; miR-
30 BRI X HE 41 HIT miR-30 5% Y 21 43 551 7% 4t miR-30
NC F1 miR-30 mimic, 754 40H153H miR-30 FPEXT
HEZH miR-30 #5440 miR-30 %% Yt +Zeb2 BHMEXT HE
ZHFN miR-30 % Yy +Zeb2 YL 41, 43 5l % Y& miR-30
NC .miR-30 mimic ,miR-30 mimic +3E£3E 15 i ki Zeb2
Vector Fil miR-30 mimic+3L38 35 [Fi ki Zeb2 E GBC-
SD 4i/fd . miRNA HY %) Primer Premierd. O {4
it W F BT 78 . miRNA-NC F. 5’ -TCTGAGGCTAA
CCACGGTCTGTA-3" 1 R: 5’ -CTGATTAAGTGTCAT
ACTCATAC; miR-30 mimic F: 5’-TGTAAACATCC
TACACTCTCAGC-3 #il R: 5’ -CTCGCTTCGGCAGC
ACACCGACT-3" , Fukii% 4. 781 6 fLAH finA
2 pg UKL, FFEE 48 h, R 5 H G418(200 pg/mlL) 4k
FHAH L,
1.3.2 qRT-PCR

FH TRIzol 35 M85 552 0 1E 8 A A48 I 57 240
% HGBEC J GBC-SD il NOZ 40 i 7 LA 25 L4
miR-30 [ 1% FEZH I miR-30 %% Gt 25 40 it rb 45 5 i
RNA,}#@E}% miR-X miRNA First-Strand Synthesis Kit
WikE S cDNA, FifiJ5 T FH miR-X miRNA qRT-PCR
SYBR 2 i 5o 2R A Wl e =X s o 9 4 3 i H
RNA #ik, #% N/ RNAU6 7E N2, HXF RNA
FTARAKSFE I 2700 ik, ARSCHT S
Primer Premier 4. 0 i—Fkﬁ:ﬁﬂ‘, #5040 BT 7 : miR-
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30 F: 5’ -CAGCTGCAAACATCCGACTG-3" M R 57 -
GCGACTGTAAACATCCTCGAC-3’ ;U6 F: 5’ -CCCTT
CGGGGACATCCGATA-3" Fl R; 5’ -TTTGTGCGTGT
CATCCTTGC-3" ,
1.3.3 MIT

FRJ X B A U R 3l ad MTT 350 & PP A miR-
30 BA X BE AL A miR-30 55 Y 21 41 At 3% 4, O3 ok
AR AUAE 450 nm P AR G

1.3.4 P se IR
miR-30 B % B ZH A1 miR-30 %4 YL 20 40 By 22 Fh

7E 6 fLAR 35 9% 14 d, FH 4% 2 5 W [ 40 T
FH 0. 1% 25 S5 ge o, TR 20 3R 1 s P
1.3.5 4ifigiEse

4 miR-30 BT FEZH AN miR-30 %% YL 41 40 g #2
FhoE TG I35 5 F R i iy 6 FLAR h T4 K &= 90% %
FE, FHTCTE 200 WL B a7 35 77 L IE rh 2 4b e
HAE, ERYRA D CE S 0 h F 48 h I & X R 1
BUIMRIER R,
1.3.6 #iiEiRzE

i 24 LT AY 8 wm /NEE ST IE AR AT 40
TR FUZZEM E . miR-30 BAYEXT B 41 F1 miR-30 %%
Pl (BT 3x10° A) MMEME L=, H
Matrigel BALgE . 4HIETE 200 pL TCILE By e R 1%
Fi. ¥ 500 pL #hFEA 10% FBS By B SR ATF
=, YRR 24 h, SRS HERS BT AR E 0T R
HEE 1 P 40 P PR 11 O P 45 A e et X 4t
HEAFHARE XL BEDLIE BRI 3 A LT Hh %) 20
WA

1.3.7 Western blot

RIPA £ FH$2 B0 & T4 H miR-30 B XF
WAZH miR-30 #5 Y4 2H  miR-30 % Yt +Zeb2 A X} R
2N miR-30 5 Ys+Zeb2 FE YL AN B EH , &
09 40 0 A FH SDS-PAGE H, UKk 43 85, % % 5|
PVDF i I, H & 4 W — T (% $T E-cadherin
N-cadherin , Vimentin , Snail , Slug . Zeb2 F1 B-actin) F/1
HRP I i &, k¥ B L RS H TEIk
W,
1.4 FitEHRZE

I KOG LUSE Y 8 e b i 25 (x2s) Rk,
SPSS 19. 0 BAFHEAT M. AL Z TR $4) 3k K-
()2 538 3 I ST AEAS ¢ RS IR HEATPEAS . P<0.05 TA
FEA GRS,

2 #R

2.1 miR-30 7£ IE & 70 BB 52 & 40 Al dh B9 R 3K K F
=5

BTATHEAUE T miR-30 78 1E 5 JHFE - Kz 40 i A e
P AR A F IR AT, LA miR-30 78 JIH 58 9 20 Jifd
WA £, 45 5 R TR DE R TIE A 40 At T R 40 i AR
Lt , W IE 44 98 40 i GBC-SD 1 NOZ H' miR-30 %
RACEFI T, B 5t 5 (P<0.05) (B
1A) . T W4 miR-30 X GBC-SD 4 A= 92~ Uik
ROPAS  FR AT i F5 G4 miR-30 mimic 3% H: BT R
miRNA $RR XA 5 2, WEl 1B s,
)5 g% miR-30 BFPE X5 HE 20 40 40 HE , 5% 4% miR-30
mimic ( miR-30 %;féﬁﬂ) T miR-30 FRIAKF B &

1 AHEE 240 HGBEC ;2 AIHZESEANM GBC-SD;3: ANHFEREANM NOZ, a:%5 (14 ;b miR-30 BT B4 5 . miR-30 F5 e 4,
5 A% F R 400 HGBEC HLL, * P<0. 05;45 miR-30 BATEXFFRZEAH L, *P<0. 05,

Bl 1 miR-30 7E 1FF F1RH S 4 v Rk K 22 7
Note. 1, Gallbladder epithelial cells HGBEC. 2, Human gallbladder cancer cells GBC-SD. 3, Human gallbladder cancer cells NOZ. a, Control

group. b, miR-30 negative control group. ¢, miR-30 transfection group. Compared with the human gallbladder epithelial cell HGBEC, " P<

0.05. Compared with the miR-30 negative control group, *P<0. 05.

Figure 1 Difference in the expression level of miR-30 between normal and gallbladder cancer cells
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FI(P<0.05) , TS {2 A BH X R4 22 [a) % A
WENGIT¥2E5(P>0.05)
2.2 it3Ri% miR-30 AT LB B 1% GBC-SD 4H i@
1E5E

R MTT 2895 46 0 44 Af 3 7 e ) iy el 2, dn
2 Fr7s, [6] miR-30 BAMEXT BB 2H 40 g A1 EE , miR-30
e Y 2 24 B3 A R T I S AT ( P<0. 05)
2.3 33X miR-30 7T LR B #1 % GBC-SD 4HAf
TEFEF K

T - A e A X R T 2 i 3 5 % H Y ek
s W 3 B, [Al miR-30 BF P X A 20 A 40 Jif %k
HAH L, miR-30 %% Y4 25 20 {384 78 2% H W 598 2> (P
<0.05) .

5 miR-30 IR AL, © P<0.05,
B2 miR-30 Fl miR-NC X§ GBC-SD ZH iy 45 Fr) 52 i
Note. Compared with miR-30 negative control group, *“ P<0. 05.
Figure 2 Effects of miR-30 and miR-NC on the
proliferation of GBC-SD cells

{5 miR-30 BT RZEARLL, © P<0.05,

Bl 4 miR-30 Fl miR-NC XJ GBC-SD 4L fE 1 (¥ 0
Note. Compared with miR-30 negative control group, *“ P<0. 05.
Figure 4 Effects of miR-30 and miR-NC on the
migratory ability of GBC-SD cells

2.4 I3FiE miR-30 7] LA E#1#H GBC-SD ZH k@
EREE

30 o J) R ) A R R e T e R L nfEl 4
s, ] miR-30 B X B8 2 40 B A HE , miR-30 55 4
ZH 20 AT RS R B B FRAIK ( P<0. 05)
2.5 EFiX miR-30 AT LA B HI#] GBC-SD 4 fig
REEEN

183 TransWell /)N 328 56 46 0 20 B 1 7% 6 ) ok
g G S B A miR-30 BAE X R 4 20 i AH L
miR-30 % Y440 40 4= 28 i 982D ( P<0. 05) .
2.6 T3Fix miR-30 7] LR E#I#H GBC-SD ZH k@
EMT i##2

H T 5 miR-302 %2 5 7 GBC-SD 4 il it

5 miR-30 BIPEXHIRZEAH L, © P<0.05,
B3 miR-30 1 miR-NC X} GBC-SD 4 54 H 1 5% i
Note. Compared with miR-30 negative control group, * P<0. 05.
Figure 3 Effects of miR-30 and miR-NC on the
colony number of GBC-SD cell

5 miR-30 B IRAAALL, * P<0. 05,

B 5 miR-30 I miR-NC % GBC-SD 4il {272 RE J1 (152 1]
Note. Compared with miR-30 negative control group, * P<0. 05.
Figure 5 Effects of miR-30 and miR-NC on the
invasive ability of GBC-SD cells
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EMT ##8 , FATIPAL T 4 M8 miR-30 5 miR-NC 4b
HE B EMT #5835 %) 8% A ( E-cadherin . N-cadherin #1
Vimentin) [ 357K | 4 6 255 7R, [A] miR-30 FA
PEXT B 41 48 ffd AH ., E-cadherin 32 35 7K - 75 F5 YL
miR-30 mimic 40 ffd H i 3 FF &, 1 N-cadherin il
Vimentin %%1357qu@%?5%( P<0.05) ,EMT FH O EE
SR T (Snail , Slug F1 Zeb2) /K FiH (P<
0.05) .

2.7 3Rk Zeb2 T LiF F miR-30 S EHH EMT
HHI1E F

HEGUE E-cadherin 29 EMT AH ¢ (19 5% 5% K+
Zeb2 WM 454G - AT T PRBOAS . HRIK TR Zeb2
+miR-30 ¢ H: AP XT B4 Vector+miR-30 43 1) % Y
GBC-SD 4ilfifg, 25 5 W7 Zeb2 1T LB i385 %% miR-30
Frgl#E# EMT #1256 H ( E-cadherin . N-cadherin FI
Vimentin ) F ik 7K (P<0.05) (& 7) .

TE :a:miR-30 BIPEXF B4 ;b miR-30 $4 5440, 5 miR-30 BITEXS ALAALL, ~ P<0.05,
B 6 miR-30 fl miR-NC X% GBC-SD i/l EMT 52
Note. a, miR-30 negative control group. b, miR-30 transfection group. Compared with miR-30 negative control group, * P<O0. 05.
Figure 6 Effects of miR-30 and miR-NC on the EMT of GBC-SD cells

Hca:miR-30 FAMEXTHAZH ;b miR-30 #4440 ; ¢ : miR-30 $4 Yk +Zeb2 BAMEXT FRAH ; d: miR-30 $4 Yk +Zeb2 ¥ YL, 5 miR-30 FAH: X BRZHAH 1L,

* P<0. 05 ;5 miR-30 Yt +Zeb2 BIPENT R oAz, *P<0. 05,

B 7 id33k Zeb2 ¥t miR-30 51#2 GBC-SD 4iijifd EMT (135 4% 1 A

Note. a, miR-30 negative control group. b, miR-30 transfection group. ¢, miR-30 transfection+Zeb2 negative control group. d, miR-30 transfection+

Zeb?2 transfection group. Compared with miR-30 negative control group, * P<0.05. Compared with miR-30 transfection+Zeb2 negative control group,

#p<0. 05.

Figure 7 The reversal effect of overexpression of Zeb2 on the EMT of GBC-SD cells caused by miR-30
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3 itig

WG miRNAs 78 2 o tp 2R Jf 1
SR R 8 3h R AEE Y AR OR
T GBC' £ miRNA ##4E , {H miRNA 7£ GBC
i Ak AL B i DA FAD AN TE A . FRATT e+
miR-30 /A BE 52 B B Ar 20, R W T miR-30 7£
GBC MEEMAE PR EEZIEH, RITERS
1 I AE b A0 AR HE, GBC 41 T miR-30 3
K2 R R, miR-30 K% A9 8 AL 46 miR-30b
miR-30c .miR-30d FI miR-30e, 1f Jy— £H il 955 170 il
T, miR-30 ARV 2 N FAE gk T, A4
SEE st MRS AR A
fIER] miR-30 & 25 #0 # GBC 41 3 5 | i % Ml
=%,

EMT J&2—F L9 2g it # il izt 2, b R4
JfL e 2 AR PEFURE BT BB J , IR A5 ] 7 5T 44 A ) 12 4%
FURZEHEME . EMT 769835 14 22 N 89 0E /Y il
{RAEMEER P SCHEME A . miRNA & EMT (%
AR Rl it 2 5 EMT M6 (5 5 %
IS EMT AHCHE St A FHH B /E A, 640, miR-30
1 2 B4 80 5] A 1+ (Snail | Slug Fl Zeb2) 3’ UTR #1
Hl EMT F9EE ) Snail J& EMT #9075, 2
WA B EEIIA EMT R b L HER 351 ALT
AR Snail it ELEE Y E R AR FE R AR
FESEPONE EMT, Snail 38 3o H R R it B 4R 445 44 151
5 E-cadherin J&i 87 X 48 I/ E-box DNA J¥51 456
Mk E-cadherin %%ijjm] o Slug 2 Snail BFEIGEN 5
— AN 7E EMT i) P 9 VE S Snail 28400, 8 1L
il E-cadherin Z2I5 FIBEEE Vimentin FILF %R 3R
KA, Slug 52 MMP-19 1F [f] 9 £ 7] 55
Slug J& 8 F X345, Bl S B00E 1Y Slug 7T 34 i3z {4
P S IR P Ax] 19 2R3k, DLl o 1F 505 0 B 4E R
Slug FiAIFFAE GBC 4UMI Y EMT ™ | Zeb2 & —
T BRZ) EMT (%% 55 R, HoR 83 7 Snail %
KIS Z 5 Zeb2 1E GBC {22807 5w #A If8
315 E-cadherin F1 T-cadherin 3¢ 15 3 7E 5 57K
BAI N-cadherin 1 Vimentin 323442 55152 280 31280
TEAREFEH , T 1% B miR-30 mimic AR T
EMT #HC4E F B9 R 15, 146 E-cadherin . N-cadherin
F1 Vimentin, JFFHIE T EMT % 5% [ 1) Snail , Slug
Fl Zeb2 W9 19, Ji4b, i 35 miR-30 A] LA B G
% GBC-SD 4Hifffl EMT #EF2,

FATEEARSP S50 HIER] T miR-30 7£ GBC 4 fifd
HOFE AT RS R 28 v i B AE |, Tl e 2 3 i L 1)
EMT MR S F Zeb2,, FRATHIIF 5345 AL T
X7 GBC EMT i AL i 87 UL A# , 2B miR-30 7] B
YE A GBC A i

S k.
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L6 R 3 OVA 175 S B4 SD 41 Bl Y 52 22 s i M
TLRs HJ ik

U )
(R ZEFOEA B X LR, i 430074)

€HED] By 5% %858 BR 5 5P 7% 25 (onalbumin, OVA) 5 S I SD 45 LAY Toll £ =% f& ( Toll-like
receptors, TLRs ) FEIE FGREE RN 52, F73%  F 24 L SD 41 ERFEEHL 4 %o BT AU 2 | 5 i T 24 0 by KA
4, EH 6 R, WELFAT N2k, T ARG -4 ( hematoxylin-eosin, HE) et W ERIE IT I il 2H 20 B 2R 1B B,
qPCR K& 3% H TLRs mRNA 193834 & ; ELISA R 17 H RAE AL F TNF-o \ 1L-18  1L-6  11-4 | 1L-13 [k K
T, BR OB L R ST, FTRENE 5 R 5 IR, TURT 5 78 SRR I T I K M, SRR T K A
&, SIE A SR A R SOAE AN IR . 5856 R R SE K AR I 2505, 4 SRV W A S %, K T e 2 | TT AT
Gy BT (B M SEORAAZH L I T TRk P 1 SR Y IR G 5 SRR I T K i ) R B i i, ST I 2H 2
Bl 9 E A ) Bt A BTk 2l SRR BL 55 %6 B 21 F s ZE K A8 21 TLR1, TLR9 , TLR10 mRNA [ 3¢k i . 3% Tt
% (P<0.01) ,TLR2 TLR3 TLR4 TLR5 .TLR6 .TLR7 .TLR8 mRNA 23k B F &K (P<0.01) , TNF-o . IL-1B . IL-6.
1L-4 IL-13 MK P BB IN(P<0.01) . 518 SFEEIRENS S OVA iSRG SD &) RUMI L 210 2 i 19 0 , 7 Rk
fdf TLRs MF3A 5 £ 04k, 5 SepoT 2836 X TLRs 155 @ B9 /E FIALHIAT T T &6l

[ E$BIR]  SRBEHA 5 BN ; S S ; Toll BEZZ A

[HE4ES] R-33 [ XER#RIZAE] A [XEHS) 1671-7856 (2022) 09-0076-06

Shionone improves immune responses and Toll-like receptor expression in
ovalbumin-induced asthmatic rats

Al Kui, LI Zhen”
( Department of Pediatrics, Guanggu Hospital Area, Wuhan Third Hospital, Wuhan 430074, China)

[ Abstract] Objective To investigate the effects of shionone on Toll-like receptor (TLR) expression and immune
responses in ovalbumin (OVA)-induced asthmatic rats. Methods Twenty-four SD rats were randomly divided into four
groups (six rats per group) : control, model, shionone and dexamethasone. The behavioral changes of young mice were
observed, as was their lung histopathology after hematoxylin and eosin staining. mRNA expression of TLRs in plasma was
detected by qPCR, and serum expression levels of inflammatory cytokines tumor necrosis factor a (TNF-a) , interleukin
(IL)-1B, TL-6, TL-4 and IL-13 were detected by ELISA. Results Rats in the model group were short of breath, sneezed,
displayed a purple nose and mouth, secreted mucus and were hyperactive and irritable. In addition, these rats exhibited

bronchial mucosa hyperemia edema, bronchial epithelial cell death, and large numbers of infiltrating inflammatory cells in

[E£W A RN DEERIIE (WZ21C52) .
[EBERAILZ(1974—) B AR, FBEM A7 LB, E-mail ; 826939800@ qq. com
[BEEF]ZN(1972—) , & AR, EREN, #F58 05 17 . LNEL, E-mail: 347541130@ qq. com
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the airway and lung tissue. After treatment with shionone and dexamethasone, young mice breathed more easily and

exhibited decreased mucus secretion and irritability ; however, aggression was increased in the dexamethasone group. The

degree of hyperemia and edema of bronchial mucosa was relieved, and numbers of inflammatory cells around the airway and

lung tissue were reduced. Compared with the model group, mRNA expression levels of TLR1, TLR9 and TLR10 in

shionone and dexamethasone groups were significantly increased ( P<0.01), whereas mRNA expression levels of TLR2 ~
TLR8 were significantly decreased ( P<0.01). Levels of TNF-a, IL-1B, TL-6, IL-4 and TL-13 were significantly decreased

(P<0.01). Conclusions Shionone can improve the immune response of OVA-induced SD rats and alter the expression of

TLRs, laying the foundation for further study of the mechanism of shionone on TLR signaling pathways.

[ Keywords)

WA i 2 e DL 4 WP R S 5 2 — , LA R v 1Y)
RIFHRHBET R RE A 4 T A BA BN,
Wi 5, 22 % T B4 U, /0 JLE i 14 5 4R 32
TR IR W P | P R DRI | Bz 52 A Y e LA, HL
2R T RV IA] , Foi PR 3 86 45 153 4% 1P 5 55
IR, 25 g P ITE e il s e B
Yy T R e 2 A TE AR R R S I Y
BURHIE , S5 D) 8 28 WL TP URUTE SAE 1Y BE A T
Toll #EAZ A ( Toll-like receptors , TLRs ) 42 [ 0% &
Gy 32 B4 ), € WOIE 52 RE 8 I 1 JF i E
RAEH

PTG 98 i 4 4% 58 25 ) 32 58 DUBE K i R
NN B R ROCR (B IR T 25 7 Az it
ZIERMENER, 4S5 55 & . R R
WG TEIR Y P b BAT I G BE AT ROUGE
Wity £ 1 R IR, o AN A B T R S
(shionone ) J& 25 56 i 3 %L A9 A AT PE Lo, BB Bt
RAEF, BEAS A 490 1) 28 A 20 A PR 1) 7 2 ke i
I8 4 i DA TAT U220 0 i, iy ab A 00 5 5 Bl 4 FH T
TLRs HJZRIAA] REML 2332 B SE MR, ASHIF 9 B Sty
By 25 M (onalbumin, OVA ) 55 5 2% i 4 RS | 5
FHEE %6 B #3547 T BUB YT, 8 4 b5 % B T Fils
TLRs 3k 1 (A8 Ak S 20 20 9 5 A5 10, DA 17T 4 2]
S50 TR YT W i I 25 57 0K 1) TLRs, e SR AR
FEEE XS TLRs SaR A9 W A5 5 18 i i A HI AL il
FIR AL, A B BB AR TR A

1 #RFn7E

1.1 X

24 H5 Hi SPF itk SD KR R E Hy 18~
22 g, KT =k K 2% [ SCXK (%B)2017-0012] , 7E
AR I B A W B AR A BR 2w 32E 47 52 56 [ SYXK
(55)2018-0104 |, 34 & #& 1IE : No. 00288340, 1%
Jit fi FHIE S . NO. 320730208624181627 , M2 3% 41k

shionone ; asthma; immune response; Toll-like receptors

i 21°C ~25C  FHXHREE 50% ~70% , W55 3 # v
G AT R KoK, Sk AP EE T 3R R
N}, 2 B PUAEIRRAE P4 AR A BR S w46 B9 o 41k 2% Bt
234t (HLK-20210801-01)

1.2 FERXFSMNE

PG Z-h IR B (3 Sigma A F] RS
P3761 ,A5503-50G ) ; & AR HBZEARAN ([l BT 4ir
TAT 45 A110525-500 g . D137736-1 g) ; %% il
(vt 5w A= B A BR A W 485 B21703-20
mg) s “HIR (LRI R A R A A S
40091060) ; B FRER | vK SR | T PER Bl (1R 2556 141 1
WA RN A 5 5 5. 20022818 10000218 213 ) ; FH4T
(" Solarbio /A F] ; 575 . E8090) ; 7 AR ZK (|- i34
o REYFEARGRRAF] ;55 :C0107) ; TRIzol ( F[H
ambion 2 ) ; 5% 5. 15596026 ) ; SYBR FAST qPCR
Master Mix ( 3¢ [E] KAPA Biosystems 2\ H]; 5% 5.
KM4101) ; )% 538050 & ( H A< TaKaRa A w5 5845
2690A) ; TNF-a \IL-1B IL-6 . IL-4 1L-13 ELISA i
& (" [E Bioswamp 23 H] ; 585 : RA20035 , RA20020
RA20607 .RA20088 . RA20034) .

BT KV (5 FHFRE AR A, RS,
FB124) ; FRFELHY | W8y | W ies ( il &8 FoR
P 5.721070 \WA 1020 \WA3040) ; 1F & B i
B AP R L (R REMASEARA A, S,
DM1000 ,RM2235) ; # 5~ #5 R Bl A 4 20 2142 AL
(PLBHERARH A B A 7] A5 . TK7218 \HS-B ) ;
PCR X (BUIMATE R A BR 2 7] 5 B5 . GE48527) 5
P E # PCR Y ( 3€ [ Bio-Rad /A 7 ; K15 . CFX-
Connect 96) 3 # im0 G E BE T B bR 43 1A | B AR
VEARHIL (BTN B EAL 25 A FR 22 Wl 5 A5 Nano-300
AMR-100 ,APW-200) .

1.3 EWHE
1.3.1  ARAA K S5
SD 4 BUE AR 3 d 5L 78 1,14 d 43 5
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200 pL OVA (40 pL OVA+2 mg A &AL, R T
200 pL KB A9 PBS ) Bofg, 55 28 ~31 KB KH
5% OVA 554 30 min 3% Wi K AR, Bl IS B N 7R 5
20 pL OVA(40 mg/mL) 1 K, 441 B BERFIR e |
P RIS P W 56 % Wi R DR o 3R 7R 127 i 52 781 )
Y], RIRSSA ik %R 5 WSS 30 ~60 min, #K
PEAEIR (WS i | S ) X &) B ATy 27 e AR
4748 RS A 07k iR sy KF 5
I3 BVERBE LT . AT R R R o PR LR 1,
1.3.2 S84 R ROkt

W4 BRI N 4 21 X IR 2H BRI | 855
4 ML FEORIAAL, B 6 H ., X BRA1 %) BROE 5 MR
AVEAL B ERIL OVA 5 312G 56 Bl41 OVA i
SN 5 5 R R A H 80 mg/kg FIHEHE B IAYT,
LT A HBFEKRAN A OVA 15 RS IS K 1 IR%%
LA 10. 5 mg/kg 7 A HLZE KPS, 22 7 d, B
JG VRGN 25 )5 2 h, BRURHER ) JRREEALFE , BRI 43 #4510
I, P IR B A Il O i 8T 10% 48
IRER R [ 5E 25, o il 20 2R A T8 25 il EP
Brh, A RNAlate i), 37 BRI A 4°C UK4H,24 h
Je ik AN -80°C VKA A7 25 FH
1.3.3 fr R s

T 5 PR T W5 4y BRI iy — AR AR T2 SRR
1 REE G — B A AE A B R TR AN, W
T PRIME, 5 5 ARG 55, 25 T I i rp W ¢
4y BUPF I A2 Ak
1.3.4 HE Qg2 ingg

Vg 18 5 G v A il o BRSO 1T, A e L HE S )
FLRIEAN 3 pm, KB R R IF B s R 42 R
K -Prrge ok i 25 SR AT A S 0 W T i 5
SCAURE R IR RO T 9% R 4N A V2 i) B R 1 e 4 A
(R TG B
1.3.5 qPCR #& TLRs Z{& X ¥ ( TLR1~TLR10)
[ ZR ik

TRIzol FHEHUE RNA | J5 0055 541 cDNA | i
T PCR Y1, P 14K K .SYBR FAST qPCR Master
Mix 10 pL, . Fi#E51 ¥4 0.5 uL, cDNA i
1 pL,ddH,0 8 L, KWFEJF95C Fil 28 ¥ 3 min,
95°C e 5 5,56°C iR k10 s,72°C #iEAH 25 s, 3 40 4>
PE¥F, LA GAPDH AN S, 274 St B £ ik
B, 517003 2, PCR 514t il K — 148 3
R A B R A A

1.3.6  ELISA £ =2 <48 fili v o8 6 W v 240 i 1A 7
ik

i B ELISA 32050 & Ul I A5 I TNF-o | IL-18
IL-6 IL-4 IL-13 MYk KT,
1.4 FitEHZE

FIH SPSS 25. 0 Fl Excel #4188 47 , Bl
PSP YRRl 25 (wxs) o, 24 IA] LLBCR
25 2250 HrFl LSD K36, P<0.05 223 BA 51t

M/ S )
B X

R 1 SD AEATAEAER GO IrbrifE
Table 1 Behavioral symptom grading and scoring
standards of young SD rats

POy () piked A

Score Sneeze ( number) Rhinorrhea Rhinocnesmus
1 s BB RS
Only anterior nares Mild scratch nose
s i AL B
Beyond the anterior nares  Often scratch nose
3 11 T30 T FREEAT
Runny nose full face  Constant scratch nose
*z2 59T
Table 2 Primer sequences
PR B
GIL /BN FFHI(5°-3") K/ (bp)
Primer name Sequence(5’ -3") Amplified

fragment size

TLR1-F TCTGGGATTGAGCGGTT

TLR1-R ACACTTGGGATCTTCTTTTTC 121
TLR2-F TAGAAACGGTAACAATACGGAG

TLR2-R AGATTTTCGCTGAGGTCTAAG 187
TLR3-F TCTGCTTGCGAAGAGGAA

TLR3-R TCCGAGACCCAAGTGCTAC i
TLR4-F TGATGCATTTGTGATCTACTCG

TLR4-R TGGCAGCAATGGCTACAC 140
TLRS-F TTTCTTCGCTCCGTGCC

TLR5-R TTGTGACTATGAGGGTGATGA 282
TLR6-F TGGTCTTTCATCCGAATAGC

TLR6-R GTGCTGGAGGGTCAGATTC 173
TLR7-F CAACTGTCCCTGCGAGAT

TLR7-R CCAGACAAACCACACAGCA 254
TLR8-F GGAAGAGTGTCATGAGCCTAG

TLR8-R GGATGCGTCTTTGGTGTC 245
TLR9-F GAAACTGGATGTCAGTAGCAA

TLR9-R CAGCAGTAAGTCTACAAAGGGT 214
TLR10-F TTCTGACTGACCTCCCTGG

TLR10-R AGAGTCTTTACCTCCTGGCA 121

GAPDH-F CAAGTTCAACGGCACAG

GAPDH-R CCAGTAGACTCCACGACAT 138
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2 #R

2.1 BRLEFRITHESK

FERVZH AT R 2#hE R (7. 00£0. 89) 43, R
RERURG E N T)

Xof 2 &)y BRUIT W AFTDRS e bR S 389 1E 8 5 S 56 i 1A
REARZH 55 i 4 1T 1 3 K AU 2 4 B35 ) T i 2
&, FTHEME 11 5 % 55, A RS 43 Wb, T 47 &) I G
s SRBE I 2 3 d JEPFIRAT 2R | BB 0 5t 5%
2I0 4 d JEA B4 B BLE S vE Ik p 5 0, 25 )5
HA4)) BRI 50 D sk /D 5 2 PRI S T OF- 28, JU Y
Sy B AT BT/ 5 b ZE KR 40 FH 24 )5 I i
BNV AFTIEE (A JLF-ANIRE | 38 B P
FR 7 B0, T 58 R AL A B g P 49 i Y B
%, BRI Al RBE T, A S IR
AT,

2.2 SD #RMALRKEFTL

HE Je@ g R an &l 1 s, xF B2 4 B it
FISCE IE B, JC AR AE 20 M 5 455 78 21 1) 3 /<780 i ot
FEAMAK I, A SRR b R A0 2 B [ A 3 1 o

T I Sl 20 28] B A K o 90 A IR, 3R
A0 F55 WG T P s 240 L | RS A 200 B 9k 2L 4 | v PR R 4
W45 5 SR AL 20 AH L, 25 5 R 20 0 Ml FE K A 21 19 32
BRI T MK o A R B A BT R A, R T A2
Jii) Bl 9 R A4 L ) 50 it A i
2.3 &4 TLRs 2FEFRIEKFEHEILE

g R R 3 ron, 55X A L, AR A
TLR1.TLR9 , TLR10 mRNA {35 i 3 A% (P<
0.01),TLR2 . TLR3 . TLR4 .TLR5 .TLR6 .TLR7 .TLR8
mRNA 1R & 8% TH R (P<0.01) ; 5HI 844
LY., %5 % J 4 F0 M %€ K #4240 TLR1, TLR9, TLR10
mRNA [R5 i1 B & J+ & (P<0.01) , TLR2 \ TLR3,
TLR4 . TLRS .TLR6 . TLR7 . TLR8 mRNA {3k & i
HRET(P<0.01)
2.4 BHRMEEFRIEKTEHLILE

iR 4 Pron, SXF R4 L, B A
TNF-o JL-1B  IL-6 , IL-4  IL-13 7K 3 & 3 7 55
(P<0.01) ; 5HBIRILAH EL, 48 % T 28 1 1l ZE KA 2
TNF-o IL-1B  IL-6  IL-4  IL-13 fi¥ 7K V- 2 5 35 B A%
(P<0.01),

B 1 SD 4 El414N HE Ye st

Figure 1 HE staining results of lung tissue of young SD rats

R 3 K4 TLRs ZRHFRIAKFEH i

Table 3 Comparison of TLRs receptor factor expression levels in each group

TLRs papitctil T2 ey OE HhFERANZH
Control group Model group Shionone group Dexamethasone group
TLR1 1. 00=0. 08 0.18+0.02" 0.44+0.04"" 0.33+0.02""
TLR2 1.01£0. 12 4.19+0.32" 2.33+0.19" 2.39+0.17"
TLR3 1. 000. 09 5.56+0. 54" 1.86+0. 127" 2.36+0.21"
TLR4 1.01+0. 11 4.17£0.28"* 1.82+0.15"" 2.44+0.35"
TLRS 1. 00£0. 07 4.96+0.29" 2.10£0.22*" 2.16+0.21""
TLR6 1. 00£0. 10 5.51+0.47" 2.150. 18" 2.45+0.26 "
TLR7 1.01+0. 16 5.01+0.38" 2.62+0.24 " 2.33+0.16 "
TLRS 1.010. 17 5.19+0.38 " 1.98+0. 12" 2.67+0.24 "
TLR9 1.00=0. 10 0.19+0.02 " 0.45+0.04 " 0.32+0.02""
TLR10 1. 00+0. 06 0.12+0.01" 0.42+0.03"" 0.40+0. 05"

SRR, ¥ P<0.01; SERIAAELIL, "P<0.01,

Note. Compared with control group, * P<0.01. Compared with model group, ~P<0. 01.
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R4 SRR TRIBKFP L

Table 4 Comparison of the expression levels of inflammatory factors in each group

RAEH T (pg/mL) Xf R ZH T RIUEE| YA e Hi FERA 2
Inflammatory factor Control group Model group Shionone group Dexamethasone group
TNF-a 49.70+11. 86 412.37+40.91" 137.85+13. 10" 172.55+8.09 "
IL-1B 43.53+2.13 248.85+22.92" 101.90+16. 78 *" 99.99+19. 61"
IL-6 46.62+2.53 268.32+21.91" 122.91£13.36*" 151.86+4.78
IL-4 38.35+8. 50 256.43+38.02" 120. 10+4. 52" 103.59+8.56 "
IL-13 12. 60+4. 96 115.55+13.31" 52.80+10.20 %" 51.10+6.09 "

L SXTIRAMIL, * P<0.01; SEEBIZAHIL, "P<0.01,

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

3 it

ARG N — R B ISR R G &
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IR AL
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I T A — S AL A A W 0 3236 0 A% 7 B
(nuclear factor-kB, NF-«B) {5 5 18 % 00 180015 & ¥4 bt
RAEFY AR FE K B2 56 T e 0% DA 35 122 i 4 R
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TEMVEH

A SRAE RIS A 2 i 1 B S A, 2
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VAT RN B S S ' TL-1B AEAS TG 1k Th2
200 R T R RE 07 M TR M A B A T AR
IL-6 JEE W P EE S 55, H e KR4
Gy, BEREA S Th FUS AR 5K | ARSI
Y HA S AR AE PR F A LT P A KR, 25 3R R, 2

% Ji RE B BRI AR AE PR - 1 7K 1, 2 B 4556 i 5 i 41
il iz s Y 4 RE R R, 5 97 A R g 4 R
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TLRs J&— =GR B2 K BRI B2 e R
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W £ 6 P 200 L R B 440 i 4 22 o 40 L P Y
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[HE] Br B2t g R0 N F-o ( TNF-o ) i 5 35 KU C T 4 (RA ) 2T 26 R 1 15 40 i
(FLSs) MHTA 40E K T4 g5 i K AL, 3% L 0.2.5.5.10,20 1 40 wmol/L ZE5 A kb B MH7A 41 g
24 b J5 SR FHEME I ( M) 32 A8 00 200 J 15 17 LA 03 356 DG 75 PV FE R B 5 SR P TR EBK 046 TR oI 5 ( EILISA) 2 S 9 ¥
EH PCR(RT-qPCR) 3£ Western blot 143 B4 2. 5.5 .10 wmol/L ZE3E 7 b P TNF-o 35510 MH7A 4i i1 b3
W A E A T A % (IL) -6 IL-18 /K AN/ RNA (miR ) -129-5p ik K LA K BT % # % & 11 1 ( HMGBL)
FEIRIKN ; eI R 4 F2E (K SE 6 A6 miR-129-5p F1 HMGB1 ¥R [ 5¢ & 5 5 & miR-129-5p mimics B¢ HMGBI-
siRNA 2 MH7A 40, WL miR-129-5p id FiB o T ## HMGB1 bt TNF-o 35519 MH7A 2t 58 4 R 7430 1Y)
S Y3 A1 4% miR-129-5p inhibitor #5 4 ZE TNF-o 5531 MH7A 40, WZE miR-129-5p kAR 10 wmol/L ZE3k
HAVEHT TNF-o 1755 MH7A 40HESIE R T e, R 50 pmol/L 3 ,2. 5.5 .10 wmol/L ZE2KH A &b
B MH7A ZRARTEPE 2 B S H 24 X (P>0. 05) ,{H 20 11 40 wmol/L ZEFE A AL B MHTA 40 A 75 1 W Sk e ik
(P<0.05), £ TNF-o %55 T,2.5.5.10 pmol/L ZEFE A 1] Z vk B ARM MM il MH7A 41 1 i 1L-6 . 1L-18 /K
SERNZAAE T HMGBI & [ 265 32 2 miR-129-5p 63K ; miR-129-5p 7] 5 HMGB1 ¥ (1454, H miR-129-5p #] 17 [7] 3
¥ HMGBI1 2 4 #35 ; miR-129-5p i3 #3550 T8 HMGB1 #3A5)5 , TNF-a i S 19 MH7A 438 L35 %04 1L-6 . 1L-18 7K
U AR (P<0. 05) ;3 H., miR-129-5p KA AT W 30 5% 10 pmol/ T ZEK i X} TNF-o if5 519 MH7A 41 L7
W TL-6 IL-1R K SFAMHIME, G5i8  SEE AR ATHH] TNF-o ¥55 MHTA 401 J8AE R 10 , AR FHMLH AT kS
PA#E miR-129-5p/HMGB1 & %,
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Celecoxib regulates miR-129-5p/HMGBI to inhibit TNF-a-induced rheumatoid
arthritis fibroblast-like synovial cell inflammatory cytokine secretion

SHI Ping, TAO Ye, WANG Chenjing, LI Xin, LIU Yanping, CAO Yu"
(Affiliated Hospital of Qingdao University, Qingdao 266001, China)

[ Abstract] Objective To investigate the effect of celecoxib on the secretion of MH7A inflammatory factor in

fibroblast-like synoviocytes in rtheumatoid arthritis (RA) induced by tumor necrosis factor-a (TNF-a). Methods MH7A
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cells were treated with 0, 2.5, 5, 10, 20 or 40 pwmol/L celecoxib for 24 h before detecting cell viability by MTT assay to
screen non-toxic concentration. Enzyme-linked immunosorbent assay, real-time fluorescent quantitative PCR, and Western
blot were used to detect levels of interleukin (IL)-6, IL-1B, microRNA (miR)-129-5p, and high mobility group box-1
protein (HMGB1) in the supernatant of TNF-a-induced MH7A cells treated with 2.5, 5 and 10 pmol/L celecoxib. A
double-luciferase reporter gene assay was used to detect the targeting relationship between miR-129-5p and HMGB1, and
transfection of miR-129-5p mimics or HMGB1 siRNA into MH7A cells was performed to observe the effect of miR-129-5p
overexpression or downregulation of HMGB1 expression on TNF-a-induced inflammatory factor secretion in MH7A cells. In
addition, an miR-129-5p inhibitor was transfected into MH7A cells induced by TNF-a to observe the effect of low miR-129-
5p expression on TNF-a-induced secretion of inflammatory factors in MH7A cells treated with 10 pmol/L celecoxib.
Results Compared with 0 pmol/L, the activity of MH7A cells treated with 2.5, 5 and 10 wmol/L celecoxib exhibited no
significant difference (P>0.05). However, the activity of MH7A cells decreased significantly after 20 and 40 pmol/L
celecoxib treatment (P<0.05). Under induction by TNF-a, 2.5, 5 and 10 pmol/L celecoxib inhibited IL-6 and IL-1f
levels in the supernatant of MH7A cells, as well as expression of HMGBI1 protein, and promoted the expression of miR-
129-5p in a concentration-dependent manner. miR-129-5p can target and bind to HMGBI1 to negatively regulate its
expression. After overexpression of miR-129-5p or downregulation of HMGB1 expression, levels of 1L-6 and IL-1B in the
supernatant of MH7A cells induced by TNF-a were significantly decreased (P<0.05). Low expression of miR-129-5p
significantly reversed the inhibitory effects of 10 pwmol/L celecoxib on TNF-a-induced IL-6 and IL-1B levels in the

supernatant of MH7A cells. Conclusions

Celecoxib can inhibit TNF-a-induced inflammatory factor secretion by MH7A

cells, and its mechanism may be related to the regulation of miR-129-5p/HMGBI.

[ Keywords ]

rheumatoid arthritis;

box-1 protein

KRBT R (rheumatoid arthritis, RA) J&—Fh
TR A MBI AR A B B S MG | LGS 1
FRGAE R FI B IR g 3 B BEARAE , v] S 2R
SATHHE S OiRE R L ARk, Ik E B I A
32 RA KW5A U0 T w3 a5 A5 g
JRERIA: 0% o ekt DR AR AU o BT R 1 T A
H ( fibroblast like synoviocytes, FLSs) J2 ¥ 5 9 4iF 1
A FECRA KA Y EE AN M, 5w 4 A TR OR
EECRE T, SR ZR S I, d el A A
il FLSs #8519 43 W% RA J697 BAA 2538 3,
f#/)F RNA (microRNA , miRNA ) /& — 2 4fi g P 2211
BEPRE N -, Hoe i KA 5 AL 4E RA TE N Z Fh
P KA R BT OE . miR-129-5p J& miRNAs ¢
WAL, AR E 7 RA-FLSs WA T, H k%
Ml RA-FLSs 354 AW - E Y . Btk
W, miR-129-5p W] 38 i+ 18 1] 3] 42 5 ST B A M AR 1 1
(high mobility group box-1 protein, HMGB1 ) il ] %
I SRR R 0, T HMGB1 7€ FLSs 44 [H]
T oI s R R R AR L
JE I, miR-129-5p ] fE i i 42 1] 34 % HMGBI1 4 5
FLSs RRAESI , FEAF A & —Fh i L PRI A5
fifi ( cyclooxygenase-2, COX-2) # il 77 A1 9 5 14k 241
R, W ARG RA IGIRAEIRT (HIHHT RA RAE

inflammatory factor;

celecoxib high mobility group

miR-129-5p;

VEIBLE A 8 2GR, AIHoE LB, 28R B A
AL HMGB1 FIk W2 50 & A6 5 i #2858
KE B B 4, FEORH R A E B
miR-129-5p M50 HMGB1 263538 R 4%5HT RA Y
e I, ARBFFE LA RA-FLSs 41 2 MH7A K
WF5E X} 42, % FH B 988 2R 38 [ F — o (tumor necrosis
factor-a, TNF-o ) 175 5 M ZE K B A T 71 J5 W4 miR-
129-5p A1 HMGB1 FKikZ2 4k, ¥R miR-129-5p/
HMGBI1 7EZERE A BT RA H TR

1 #RF7E

1.1 #4apa

N RA-FLSs 4l il % MH7A (#£5:201203) I F
EEESEY TREARAF .,
1.2 FEKFIS5NE

BE I % ( thiazolyl blue tetrazolium bromide,

MTT) .DMEM = 8555 55 38 IR 2R G 5 5 L5t &
R TRIzol A SR A 2 BUAR £ T L ifg
AT AW TR A BR A /] (41645 :201216 201110,
201209 210120 .210109 ,200204 ) ; ZE3R E 1 g Tk
2000 A\ F 4104 % (interleukin, IL) -6 i 15 % 93 1%
FfF M %2 ( enzyme-linked immunosorbent assay, ELISA )
R A IL-18 ELISA i & | SR 28 % & PCR
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(real time fluorescent quantitative PCR, RT-qPCR) i
T RO S 22 it 41 4 35 PRUAS: D7) 85 1 b ot
R A YR A BRA | (5. 201225 ,201106 ,
201003, 201212, 201219, 210101 ); miR-129-5p
mimics , miR-129-5p inhibitor, mimics-NC | inhibitor-
NC .HMGB1-siRNA NC-siRNA FH | 575 5511 2545 A
ABRAE AL, BER IR AL Miulab GIS-500 (L5
180524 ) W [ It 3¢ %z BH 5 R G AR A BN ) 5 52 if o
JeE R PCR AL (HE5:200426) Wy [ 2= 3% A0 7
1.3 KWHE
1.3.1 4ifEssss

T 100 U/mL 58 R R ZAPUA 10% it
-1 ) DMEM =i FR 5T 5% €O, 37°C 1H i
B SRR R LG IR MHTA 40,
1.3.2  MTT &I MH7A 40375 /1

X BOE K B MHTA 4 i 3% 2 96 FLAR
L E SR RE S AL 100 pL 299K R 0
2.5.5.10.20 F140 pwmol/L ZEHKFE A0, H-i% 3 A~ P47
fL; 5 24 h 5, BALINA 20 L MTT 3 (W N
5¢/L) ;M E 4 h 5, 75538 B IF m AL R i A ZH
FEAN 150 L 35 K52 3 (45 i W 58 o0 i il e, R
FHEEARMUAE P 492 nm KBS I 45FL MH7A 41 i 1%
M, SCIEEWHCN 3,
1.3.3 ELISA A MH7A 400 F 5%+ 1L-6 A
IL-18 /KF

SEEAR R (1) X BRAL R HAb B (2) 54 i
A 20 ng/mL TNF-a 100 wL"” 5 (3) S +(2.5.5 H
10 pmol/L) ZE3K H A dl. 43 HmM A 2.5.5 F1 10
wmol/L ZER E A 100 WL FALBE 1 h J5H A 20
ng/mL TNF-a100 pL, B4 E 3 NE L, x4
AR MH7A Z0f04% 70 2 96 fLAR |, T3 5R48
PO FLRES% 5 £ 40U B 5, AR % 1 A 43 41 Ak B 440
Jitd 24 h 5 WOHE S AL A0 1 VR, A e HRTL-6 A
IL-18 ELISA 5 & 6 PH F A I MH7A 20 [ 357
HIL-6 AT IL-18 /K-, SEEEZRECH 3,
1.3.4 RT-qPCR K&l MH7A 4088 miR-129-5p 3
kIR

WCARFE R 1. 3.3 RS20 S ZH AL RS R f5 ) 45 41
MH7A 20, 4% 1% TRIzol 157 Ui B 45 #E HL MH7A 41
HLE RNA J5 , il FH 2 A0 40 606 BE 1T I RNA kB
FGERENE  F RNA 17300 55 5 G L cDNA J&, LA Ry
M, ¥ B RT-qPCR 3850 & B0 1 3R 47 98O0 &
PCR ¥4 4% U6 fE NS IR, 2724 35314 MH7A

4 P miR-129-5p R ik K, Hp, 17,
95°C M 6 min /7, 5% A 38 IE M B Bt 95°C
15 $.58°C 30 s.72°C 30 s, Hi ¥4 TR TR
A FRA RS B 51 F 50 40 - miR-129-5p 1 1iF
5’ -GTGCTTATAGTGCAGGTA-3" , F il 5° -GAACAT
GTCTGCGTATCTC-3" ; U6 I ¥ 5 -GCTTCGGCAG
CACATATACTAAAAT-3" , Fii# 5’ -CGCTTCACGAA
TTTGCGTGTCAT-3" , SZH & KAl 3,
1.3.5 Western blot £:illl MH7A 4 i HMGB1 %
BESSI

WA IR 1. 3. 3 TP LI o 2 A BRAS HRUS 1 45 4
MH7A 40 i, AR 4 50 2 1 4 10 70 85 100 I 5 i 42
MH7A 4R S, 2R FH 28 b Y IR 76 A6 T 6 2
FHRRE R 22 5 W 88 A i AT SDS-PAGE 415 )5,
B DL 5% MRG0k B AR 1.5 h e, I A KR B
2000 7/ HMGB1 Hii{&F1 GAPDH ik 4°C 1 & it
B UCH | IATE B 5000 4% (9 BRAR o 410 H Bl s 12
M PRI E 2 h; 2 b LR BB, L
GAPDH 1E AN S 8, K Tmage ] #4438 MH7A
A H HMGB1 28 ARk /K-, SR E Ak 3,
1.3.6 4kt

Bt B KA MH7A 2003250 &= 6 FL40 i
e b W IR R 65% ~T5% Bl 45 BE I, 2 BRI Bt A
VAT 5 AT R I 2 s b B A% % mimies-NC |
miR-129-5p inhibitor-NC,  miR-129-5p
inhibitor ) MH7A 2 il 43 %1 i "4 mimics-NC 4 |
miR-129-5p mimics ZH | inhibitor-NC #H | miR-129-5p
inhibitor ZH ; ¥ %% 4 mimics-NC . miR-129-5p mimics |
NC-siRNA (HMGB1-siRNA H 2 20 ng/mL TNF-a &b
FEY MH7A 20043501010 0175 S +mimics-NC 4 155
+miR-129-5p mimics ., 175 F + NC-siRNA 2 #1175 3 +
HMGBI1-siRNA £ ; ¥ %% ¢ inhibitor-NC , miR-129-5p
inhibitor H £t 20 ng/mL TNF-o 110 pmol/L FERE
AL MHTA 0535018 4175 5+ 259 +inhibitor-
NC 4 %S +25%) +miR-129-5p inhibitor 21 , £~ 4b
PRI 3 A AL, ER YL 6 h 5 B 4 fef 5 R
USSR 48 h R A A ML N HIE TR, 2 R
AR R R MHT7A 40 H miR-129-5p £ ik |
HMGBI1 #1135 S 4 i F 3% Wb 1L-6 F IL-1B
K
1.3.7 BEOCER MRS L S50

KA B2 S HMGB1 3° UTR 5
miR-129-5p 2 [ 77 78 B #h 9 45 5 0 45 5 K HMGBI

mimics .
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3’ UTR 5 miR-129-5p 45 &0 s 7 5 FAE s A8 5
I 51 78 e T 4H & psiCHECK-2 #4443 Wil 44 &
psiCHECK-2-HMGB1 %} 4= % ( HMGB1-wt ) #% {4 i
psiCHECK-2-HMGB1 %% 4% % ( HMGB1-mut ) #% A&,
Z: B i Fi Ak 2000 15680 454 HMGB1-wt . HMGB1-mut
AR 53515 miR-129-5p mimics .miR-129-5p inhibitor
FARR B % BE L e 28 MHTA 4 554 48 h
J&i , 2 BR 9O 2 T 3 M A I 3 7] v B P A
MH7A RS CR B, TR EEIRECN 3,
1.4 SitEFRZE

TR R LT B e b il 22 (r£s) Fom I8 H
SPSS 24. 0 A AT B it 2250, IE S MR 1R H
Shapiro-Wilk J7 %, $48 ¥ 45 & IEA 404, Z 4 A L
BATHR R Ty 225387, i — 25 P LR FH SNK-¢
K, P<0.05 INRHZERAGIE XL,

2 #R

2.1 ZEREFHEI MHTA HAEE B0

£:0.2.5.5.10.20 140 pmol/ 1 FEHH A5 b B
J& ,MH7A 20 j3% 77435314 (0. 68£0.05) , (0. 71+
0.05) .(0.66%0.03) .(0.62+0.03) .(0.58+0.03)
M(0.50£0.02), 5 0 wmol/L H#,2.5.5.10
wmol/L ZERE: A kb 5 MHTA ZHL3E /1 22 S L5
2 X (P>0.05) ,1H 20 140 pwmol/L ZE K H i
AbFEJE MH7A 2095 J7 B 8 FEAIK (P<0. 05) .
2.2 EREHI TNF-o iF S MH7A 406 2 5 F
F i

ST R, F S MHTA 418E g+
IL-6 Fl IL-18 7K F-¥IH 8 7+ & ( P<0. 05) ; 55 S 4l
FLE, 15542, 5 wmol/L ZERE A4 i F+5 wmol/
L #EkE A 2 AN S+ 10 pmol/L ZER A4 MH7A
AN WP IL-6 A1 IL-18 7K - 27 B 5 FE 1 ( P<
0.05) , H 2 ZERE MMM IE( T 1),

2.3 EREHGX TNF-« S MH7A 42+ miR-
129-5p #1 HMGB1 R i% B 50

%R LR, 15541 MHTA 400 miR-129-
Sp ek K- B FEAR, 11T HMGB1 25 14 235 /K 1
W IR (P<0.05) s 5 FA L, 155 +2. 5 pmol/L
FERE A2 T +5 wmol/L FE B 4H FIiFF+10
pwmol/L ZE 41 20 MHTA 4l miR-129-5p 323k
JKF-BA 8T, T HMGB1 25 1 2635 7K - B 5 B A%
(P<0.05) , H 2k 5 A1 v J32 i va A28 1 8 W deb ( L]
1 FIZ£2)
2.4 miR-129-5p 5 HMGBI1 #B[a % & HIRIE

Targetscan Human {4 7l 2] HMGB1 3’ UTR
PIETERERS 5 miR-129-5p HAMYILE &0 A, 541
I B PE X R B #5, miR-129-5p mimics 7] fdf %% s
HMGBI1-Wt 244 k7 i) MH7A 40 i 2¢Ol 2 i 7% ¢
B L FAAEG , T miR-129-5p inhibitor ] H:5¢ ¢ 2 i}
TP TR (P<0.05) 5 B, miR-129-5p mimics
AEME MH7A 40 i HMGB1 8 1 2 3k /K F BH . [
fi%, i miR-129-5p inhibitor W HMGB1 # 13 ik
KB 5 T e (LB 2 FIZR 3)
2.5 miR-129-5p i3 X i£ 3 TNF-« 55 MH7A 48
B 5 E B F 43 i B B2 i

5%t BT LA, 15 S 414N M miR-129-5p #ik
TRV B I8 AT T 200 b 3 9 TL-6  1L-18 7K 7B
BT (P<0.05) ; 554 3, 15 F + mimics-NC
4 EiRFRIR2E R HGI2EE L (P>0.05) ; 515%
+mimics-NC 4 0 #2, 15 F + miR-129-5p mimics 41
miR-129-5p FEik 7K1 & T+ &, i 10L-6 1L-18 /K
W2 AR (P<0.05) (W3R 4)
2.6 T HMGB1 Fix¥t TNF-« iS5 MH7A 28
B ¢ iE BB F 43 il B 84 i

xR R, i S 4L 40 P HMGBL B 1 3&
IR K- AN M b P IL-6 (IL-1R /K - 24 B & T

1AM ER 1L-6 A1 1L-18 AKFAY LA (w5, n=9)
Table 1 Comparison of IL-6 and IL-1P levels in cell supernatant of each group

2 5] Groups IL-6( pg/mL) IL-18(pg/mL)
%t HEZH Control group 35.52+3.05 48.75+4.26
5S4 Induction group 97.46+6.18" 125.63+9.55"
PF+2.5 pmol/L ZEHRE A 4H Induction+2. 5 wmol/L celecoxib group 85. 68+5. 02" 116. 58+7. 36"
#F+5 wmol/L ZEFREFAi2H Induction+5 wmol/L celecoxib group 72. 68+4. 35% 91.07+6.21*
PF+10 pmol/L ZEXFH A4 Induction+10 pwmol/L celecoxib group 55.75+3.23"% 70. 56£6. 10*
F 264. 281 190. 652
P <0. 001 <0. 001

W ST BRAA L, * P<0.05; 5ESAML, *P<0.05,

Note. Compared with the control group, * P<0.05. Compared with the induction group, *P<0. 05.
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T A RAL BB R CES+2.5 pmol/L ZERE 4L D S
+5 pmol/L FERENHEHF+10 pmol/L SEREAA
Bl 1 Western blot £l MH7A 40 HMGBI 25 1143k
Note. A, Control group. B, Induction group. C, Induction+2.5 pmol/L
celecoxib group. D, Induction+5 pmol/L celecoxib group. E, Induction
+10 pwmol/L celecoxib group.
Figure 1 Western blot detection of HMGBI

protein expression in MH7A cells

¥ :A:miR-129-5p 5 HMGBI 3’ UTR %4 3 5 ; B: Western blot
Rzl miR-129-5p X HMGBI 2K 1335 (5, a: mimics-NC 41;
b: miR-129-5p mimics #1; c: inhibitor-NC 41; d: miR-129-5p
inhibitor £H ,
2 miR-129-5p 5 HMGBI #5362 B4 3iE

Note. A, miR-129-5p and HMGB1 3’ UTR binding site. B,
Western blot to detect the effect of miR-129-5p on the expression of
HMGBI1 protein. a, mimics-NC group. b, miR-129-5p mimics
group. c, inhibitor-NC group. d, miR-129-5p inhibitor group.

Figure 2 Verification of the targeting relationship

between miR-129-5p and HMGB1

R (P<0.05) ; 59 S 41 H L&, % S + NC-siRNA
21 HMGBI1 # 1 3R i5 K1 IL-6  1L-18 /K- 22 57
T4t 2% 8 X (P>0.05); 1Hi% F + HUGBI -
siRNA 2 HMGBI1 45 1% ik K P # 1IL-6 | IL-1B 7K
TR F+NC-siRNA 4138 8 FE A% ( P<0.05) (W
K3 MES),
2.7 miR-129-5p (R RIXFFF; 10 pmol/L EREH
%t TNF-o 5 S MH7A 2405 B9 8400

H5EFAE, FF+ 5P A4 miR-129-
Sp FRIRZKF-B B T8 40 HMGB1 25 1381k
TS b 3 7 TL-6 TL-18 7KK BH i A ( P<
0.05) ;%5 + 25 ¥ +inhibitor-NC 4 Fi%E S +25 W H
A FIR S HR bR 22 R G EE L (P>0.05) ;5
%5+ 25 %) +inhibitor-NC 4 L5, 15 S5 + 25 %) + miR-
129-5p inhibitor ZH i3 ' miR-129-5p F&iA7KF-H .
FEA, TN HMGB1 2 A 23k K F F 4 i L3
W 1L-6 IL-18 K-8 8. 7+ (P<0. 05) ( ULIE 4 A
#6).

A RAL; B UL C. 5T+ NC-siRNA 415D 755
+HMGB1-siRNA 41,

B3 Western blot /il #- 41 40l HMGB1 #5335
Note. A, Control group. B, Induction group. C, Induction+
NC-siRNA group. D, Induction+HMGB1-siRNA group.

Figure 3 Western blot detects the expression of

HMGBI protein in each group of cells

R2 AL miR-129-5p Rl HMGBI 4 1 &K AKCF (1 AR (x5, n=9)
Table 2 Comparison of miR-129-5p and HMGB1 protein expression levels in cells of each group

2153 Groups miR-129-5p HMGB1/GAPDH
puii:H
TR 1. 00+0. 00 0.20+0. 02
Control group
Vi
ﬁ% 0.23+0.03 " 0.56+0.04 "
Induction group
T +2.5 wmol/L ZERE AT 4 4 R
Induction+2. 5 pmol/L celecoxib group 0.28+0.03 0.4520.03
HE+5 pmol/L FESE A M M
Induction+5 pmol/L celecoxib group 0.360.04 0.33£0.03
#HESE+10 wmol/L FEREATH u M
Induction+10 pmol/L celecoxib group 0.55+0. 06 0. 240.03
F 630. 193 212. 840
P <0. 001 <0.001
TE: SR ML, * P<0.05; 5T, "P<0.05,

Note. Compared with the control group, * P<0.05. Compared with the induction group, *P<0. 05.
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R3 KM CKIG L HMGB1 2 AR5 K P 1 L (x5, n=9)
Table 3 Comparison of cell luciferase activity and HMGBI protein expression level in each group
PICEMEG M Luciferase activity
2051 Groups HMGB1/GAPDH
HMGBI1-wt HMGBI1-mut
mimics-NC 4] mimics-NC group 1. 00+0. 00 1. 00+0. 00 0.22+0.03
miR-129-5p mimics 41 miR-129-5p mimics group 0.26+0.02 " 0.94+0. 08 0.09+0.02 "
inhibitor-NC # inhibitor-NC group 0.95+0. 07 1. 02+0. 09 0.21+0.03
miR-129-5p inhibitor Z1 miR-129-5p inhibitor group 1.72+0. 12* 0.96+0. 08 0.57+0. 03*
F 650. 117 2.297 497.323
P <0. 001 0. 096 <0. 001
1+ 5 mimies-NC ZHAHLL, * P<0.05;5 inhibitor-NC ZHAH L, *P<0. 05,
Note. Compared with mimics-NC group, * P<0.05. Compared with inhibitor-NC group, *P<0. 05.
R4 FAAHEH miR-129-5p FKACF AN LB 1L-6 . 1L-18 KA HAL (s, n=9)
Table 4 Comparison of the expression level of miR-129-5p in the cells of each group and the level of IL-6 and IL-1 in
the cell supernatant
ZH 5| Groups miR-129-5p IL-6( pg/mL) IL-1B(pg/mL)
XI HRZ Control group 1. 00+0. 00 33.85+3.25 46.85+5.02
#5341 Induction group 0.21+0.02" 99.52+6.45" 128.47+8.96 "
175§ +mimics-NC 4 Induction+mimics-NC group 0.23+0.03 103.25+8. 02 131.56+38. 84
1753 +miR-129-5p mimics 41 Induction+miR-129-5p mimics group 0. 86+0. 08" 62.38+5.26" 75. 84+5. 62%
F 752. 341 270. 682 286. 632
P <0.001 <0. 001 <0. 001

T A RALAR L, T P<0. 055 515 +mimics-NC 4RI, *P<0.05,
Note. Compared with the control group, * P<0.05. Compared with the induction+mimics-NC group, *P<0. 05.

RS AT HMGBI & FIR AP AN L 1L-6 1018 /KFH HAR (325, n=9)
Table 5 Comparison of HMGB1 protein expression level in cells of each group and IL-6 and IL-1f levels in cell supernatant

Z0 5] Groups HMGB1/GAPDH IL-6( pg/mL) IL-1B8( pg/mL)
X} HRZH Control group 0.20+0. 03 35.08+3. 11 49.05+4. 35
#5340 Induction group 0.55+0. 04" 98.23+6.27" 129. 68+10. 02 *
1% 5 +NC-siRNA 41 Induction+NC-siRNA group 0.57+0. 04 102. 28+9. 67 131. 18+9. 86
1% S +HMGBI1-siRNA 4 Induction+HMGB1-siRNA group 0. 18+0. 03* 68. 86+4. 12" 80. 26+6. 64*
F 329. 520 218.992 221. 669
P <0. 001 <0. 001 <0. 001

T XA, T P<0.05; 55 +NC-siRNA 4148 I, *P<0.05,
Note. Compared with the control group, * P<0.05. Compared with the induction+NC-siRNA group, *P<0. 05.

x6

AN miR-129-5p F1 HMGB1 £ AT DL AIIE B3 1L-6 \IL-1B8 K1 He#E (xs, n=9)

Table 6 Comparison of the expression levels of miR-129-5p and HMGB1 protein in each group of cells and the levels of

IL-6 and IL-1P in the cell supernatant

5] Groups miR-129-5p HMGB1/GAPDH IL-6( pg/mL) IL-1B( pg/mL)
—
Vs 4 1. 00+0. 00 0.57+0. 05 96. 48+6. 13 128. 48+10. 02
Induction group
R+ AYA .
ki 2.08+0. 12 0.25+0.03 " 54.75+3.28" 67.56+5.35"
Induction + drug group
5 5+ 254 +inhibitor-NC 4
%% 25 fnfubitor-At i 2.110. 10 0.240. 03 55.60+3. 47 69. 15+6. 03
Induction+drug+inhibitor-NC group
753+ 259 +miR-129-5p inhibitor £
A+ 254 ¢ P mmpor 0.75+0. 06* 0. 480. 03" 72.12+4. 50" 94. 48+6. 85"
Induction+drug+miR-129-5pinhibitor group
F 651. 471 190. 385 170. 465 137. 859
P <0.001 <0. 001 <0.001 <0.001

W 5iESAHM, * P<0.05; 5155+ 259 +inhibitor-NC ZHM I, #P<0. 05,

Note. Compared with the induction group, *P<0.05. Compared with the induction+drug+inhibitor-NC group, *P<0.

05.
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TE:A A B E R+ 254 C. WS + 25 %) +inhibitor-
NC 4 ;D5 +25%)+miR-129-5p inhibitor £,

B4 Western blot Kiilll 5 4140 A HMGB1 25 1383k
Note. A, Induction group. B, Induction+drug group. C,
Inductione+drug + inhibitor-NC group. D, Induction+drug+
miR-129-5p inhibitor group.

Figure 4 Western blot detection of HMGB1 protein

expression in each group of cells
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B 28 P F TL-6 FI IL-1B 25 (40 W% A % A
AR I, TNF-o 3 BT AE FLSs 48 4% A
TR S0 ARBEFELL 20 ng/mlL TNF-a
TS & B, N RA-FLSs MH7A 4 itg b 1 8 A2 %
[KF 1L-6 . IL-1B 7/K-F-Fl MH7A ZiEith HMGB1 ZE 14
F3R K1 B TF i, miR-129-5p 23k 7K 7 B L &
I T ZE R 5 A AT ) e AOR : A RAEAIG TL-6  IL-18 AN
HMGB1 35 K, 88 i miR-129-5p £k KF, I
SR F I HMGB1 & miR-129-5p 35 RA W4
RE I KA, 3 AR R T AR R T B0 A I v g
M FEAEABL RA W 4 AE 1 VB FHAIL I 7T B -5 R
miR-129-5p Fll HMGB1 % 154 %,
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[HZE] BM FEITER RN NF-B 558 57 B8/ Thl/Th2 %R F@mplsl, Ak 50 pg
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Melatonin regulates the NF-kB signaling pathway to regulate Th1/Th2
immune balance in mice with gastric cancer and its mechanism

FU Jia, CAO Yubo, LIU Sa”
(the Second Department of Oncology, the 4th Affiliated Hospital of China Medical University, Shenyang 110000, China)

[ Abstract] Objective To explore the mechanism of melatonin regulating Th1/Th2 immune balance via targeting
nuclear factor ( NF)-kB signaling pathway in mice with gastric cancer. Methods Gastric cancer cells (50 pg,
approximately 1X10° cells) were injected subcutaneously into the left forelimb of mice. After 7 days of modeling, tumor
formation was felt, indicating that the model of transplanted gastric cancer tumor was successfully established. Ten healthy
mice were used as the control group, whereas successfully modeled mice were divided into model and model +melatonin

groups (n=10 mice per group). The model+melatonin group was subcutaneously injected daily with melatonin ( 10 mg/kg,

[MEE A IHEC1988—) , & Bt (EBEBs  BFFE )5 180 IR I RL . E-mail: jiopklnmgl1@ 163. com
[BIS1EE I X (1966—) , L, {4 B 7 1) Mg PN RL, E-mail: 276058547@ qq. com
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1 time/d, 21 d), whereas the other groups were injected with the same amount of normal saline. Tumor volumes and
masses were measured using a vernier caliper and balance, respectively. Proliferation and apoptosis of gastric cancer cells
in tumor tissues were assessed by immunohistochemical detection of Ki67 and Bel2. Levels of interferon (IFN)-y and
interleukin (IL)-4 in peripheral blood were detected by ELISA. Ratios of Thl to Th2 cells in peripheral blood were
detected by flow cytometry. Levels of NF-kB mRNA and protein were detected by qPCR and Western blot, respectively, in
tumor tissues and lymphocytes. Results Contrast with the control group, the tumor volumes and masses, Ki67 and Bcl2
staining intensities, IL-4 levels, percentage of Th2 cells, NF-kB mRNA and protein expression levels were significantly
increased (P<0.05), and the IFN-vy levels, the percentage of Thl cells and Th1/Th2 ratio were significantly decreased in
model and model+melatonin groups ( P<0.05). Contrast with model group, tumor volumes and masses, Ki67 and Bel2
staining intensities, 1L-4 levels, percentage of Th2 cells, NF-kB mRNA and protein expression levels were significantly

decreased ( P<0.05) and the IFN-vy levels, the percentage of Thl cells and Th1/Th2 ratio were significantly increased in

the model+melatonin group (P<0.05). Conclusions

Melatonin may inhibit tumor growth in mouse models of gastric

cancer and regulate the balance of Th1/Th2 by regulating the NF-kB pathway.

[ Keywords)
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1.3.4 S fb g e il i 21 21 Ki67 F Bel2
HH

IR Ki67 F Bel2 8 43 B 4H A3 5 A
TGO, KLBUEE 10% FF I v [0 | J5 A A A 0
U 4 pm BRI Y R, SRS HEY A B T R R
0. 1% B R L = R I 0 208k i b, il (—
FHOR) | FHRE B vk B 11 £ Tt (MR B # v Bl 100%
~70% ) B N0K A, ZJG T PBS 44Tk, it
pH=6. 0 MFFIEIRENZE IR AL BV 1 )5 45 7 #afs
MEE , TEERIEOT, FH 30% 1k B i S 1L S0k 3t
JARFRZ) 10 min YA AT 38 21 %65 P IR 1) 3 4R
WG B A 1R . T PBS A4 it 2 5, 7E 2
TS OL T A s 9 A (R 5%) 44T
10 min AP BPE B . 205 B ENTS Kie7 30
Bel2 itk (20t 12 100 () H B RE ) 78 4°C T 0
TR . H PBSATANBITR I A B A A
FEEMB A R IURE T 37CHIEN T4 T
60 min A AIF R L FIRANS 3,3 - IR
Mg, T WAMEE T ATl R SR, Ik 2 vkt
T 0T, e L i B = Y 3753 (0~ 3 43 ) x e A3
Fl(0~477)
1.3.5 ELISA &AM I TFN-y A1 1L-4

JNERAME IS O (4°C, 12000 r/min, 20 min) J&

FIHB AN )2 1 458 10 75 1212 W 2 05 )
AR A BTAREE 2 h A 22 )5 B L
TS 09 5 €2 300, 10 min B SR 45 0I5 % &
1k, BRJE ST 450 nm A B B 45T A AR 4R
F G LR bREIT 2R T4 IFN-y BRI
1.3.6  JiaCAAARAG I AME I Th1 Th2 4

TR FH AN T) A6 32 49 5 0 412 30K EXL 40 )22 DA 470 D
LENTE L ER D e T e < S Nl RS S 1 DI 1N
2 pL IR B TR RIRA YL K 2 pL T &
JERER A/ KRR RIE G, £ 37CTIHE 6 h,
SRIGINA 3 uL (U1 CD4 ZEOEPUik, B E 30
min, $% K, A 300 pL 19 [ 2/ %l G 1
4°C T E 30 min, [FEAFIA IFN-y 5 1L-4 2¢
PR 2 pl,4°C FIHEHE 30 min, HEASHE L
ARIAL AT, 25 FeAdi ] FlowJo( Tree Star Inc. , 32 [H)
EROFSLE 43 AT, CD4"IFN-y" fE 4 Thl 4 g, CD4”
TL-4* WAEJy Th2 400,
1.3.7 RT-qPCR Killl g 2024 NF-kB mRNA

FIH TRIzol 3FIZE 1. 3. 4 HLIH A9k B 21 i Py 2
HHLUPR B RNA 2 B3 JF R A Nanodrop
2000 [ #RSLJE E f, 31T RNeasy Mini B9 AH &5
BINHE SR AT mRNA , N Y RT-qPCR Jz i W R
A SYBR Premix Ex Taq™ 52 : 95°C 1% ¢ T K2 v st
2 min, 58°CIHH F AT K 20 s, SRIGTE 72°C 1
LR BRI 20 s (Ut 2P 3R WG 26 40 1K), DA
GAPDH fE 4 IE R BIF 55 (1 P 2, 274 30 A0 X6 11
NF-kB RiEK PR,
1.3.8 Western blot £ ifJsi 24 h NF-«B 25 H

W 10304 LI Y 90k B4 40 P 2 2 4 4 ) 4
)G B0 (RERE N 4C, HEREN
12000 r/min, BFF K% B 5 min) B B 458 09 U
£, T SDS-PAGE (¥R 10% ) ¥ 35 1 43 B9
P E 2 PVDF B L AR EE R 5% AR
AU R A E R A, RIEE R 2 h) HEAZE
JMAFZIR 1 500 Eb I # B NF-xB $TiRF 4°C 15
BUTF 45T 8 h B IR &, YAk &S A s 1 i A
THU(HEIR 1 2 2000 LR R R R w R A B
KEEN 1 h), FKANRH ECL 47 ol 94k b
P, GAPDH AR AFFE 1 N2, 43 BT A X% NF-xB
ERRNE ST =R N R
1.4 SitZEH*E

Gt W% SPSS 19 #4430 47 , FHE- 208k b5
WE2E (xxs) FRFRITEL, 7 2250 H1 (ANOVA) 1744
P HH SNK-g R 56, DL P<0. 05 2555 8 3%
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2 HR
2.1 #HBERZERXEENREZEE R

50} HRA L, AR 2] A58 + i DA 3R 2 ) e g
AT R 2 T (P<0.05) ; SHERIAH L,
S + R S 22 20 1 e R RN o i 1 I 35 IR ( P<
0.05), W% 1,

2.2 HMERNBE/MREREEMAMIGEMAT
spA |

5% RRZH LR AR A + B JR R 2 Y K67
Fl Bel2 Yo (85 B 35 i) 251458 (P<0.05) ; 5T
Fods, R0+ R A 10 Ki67 1 Bel2 Y (o5 i 1 g
FUE (P<0.05) , WK 1 fi5k 2,

2.3 HEEXBE/NFREE Thl i1 Th2 trEHM
EFRiEKFER RN

S XS IR b, BRI 2 A5 R + R R ZE A Y TFN-y
IR AR, TL-4 /K P 8 25 T & (P<0.05) ; 51
UL F B + 4R BB IFN-y B3 T, 1L-4 7K
- 5 B AR (P<0.05) , L3 3,

2.4 HEEXBE/NERIEE Thl/Th2 /KFH0M

5T HRAEAH be , A 2H AR + R R 2R A 1 Ah )R]
e Thl B F0 Th1/Th2 FoAE 3 5 B (P <
0.05) ,Th2 4 fd Lt 5] 5t 25 7 55 ( P<0. 05) ; S A4
AHLE, AR+ R SR K A A A Al Th e8] K2 Thl/

Th2 19 FAE T B & ( P<0. 05) , Th2 4 i i) L ] j
B2 (P<0.05) , WLIE 2 FiIk 4,
F B Z N BUBDH R A K BN (ats 0= 10)

Table 1 Effect of melatonin on tumor growth in a nude mouse
model of gastric cancer

2051 AR (mm?) it (g)
Groups Volume Mass
AR S
HARAL 0. 00+0. 00 0. 00+0. 00
Control group
i 4
B 281.24+27. 63" 0.31+0.04 "
Model group
AL AR R Y . .
B8 ? h 173.55+24.72 "% 0.200.03"*
Model+melatonin group
TE SXTHRAIMIE, * P<0. 05; SHUR4IMIEL, *P<0. 05,

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

|2 AR B/ RUBERY 412
Ki67 Bel2 G (A58 i (52 5]
Table 2 Effect of melatonin on the intensity of Ki67, Bcl2
staining in gastric cancer tissues of mouse models of
gastric cancer

5 Ki67 G (58 )% Bel2 Je (a5 %
Groups Ki67 staining intensity Becl2 staining intensity
i R
FHRAL 1. 12+0. 13 0.97+0. 10
Control group
SR
B 6.43+0.72" 5.62+0.68 "
Model group
R+ R o8 *#
Model+melatonin group 2.1520.27 1.980.26
T S XHRAAALL, © P<0.05; SHEEAIIARIL, *P<0.05,

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

A~ C R Ki67 R b E~ F. 8 Bel2 My fie by fa,
1 e dl A Ys I R L Z B e/ BB B R AL U 8 1 Ki67 FIEE 1 Bel2 3Rk /K- 2 M)

Note. A~C, Immunohistochemical staining of protein Ki67. E~F, Immunohistochemical staining of protein Bel2.

Figure 1 Effect of melatonin on the expression levels of protein Ki67 and protein Bel2 in gastric cancer tissue of gastric

cancer mouse model detected by immunohistochemical staining
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2.5 BEEXNBRE/NMRREMBAHR S NF-«B &K
7.y S EA

55X B b BT AR R T A ) P 4
21 NF-xB mRNA Fl 2 [ 3R k7K F i T+ (P<
0.05) ; 5HEAY L L1, ALY + 48 R K 4] NF-xB mRNA
FE KT B AR (P<0. 05) , WLIK 3 FiZk 5,

2.6 HWHEERXBE/NRERMNEMHES NF-kB Xk
157K F B F 0

ST AL Ll AR BT+ R 2 2 1) bk L 24
o NF-kB mRNA F1 8 [ & 35KV B & T (P<
0.05) ; SHRIZ L, BIAY+HR SR R 2 1) NF-kB mRNA
I FKE B FER(P<0.05) , WA 4 FI5E 6,

2 RREE B /N BUSAS Thl Th2 40AE/KE- 5200
Figure 2 Effect of melatonin on the Thl, Th2 level of gastric cancer mouse model
3R B/ BB TFN-y A R4 AR BN B Thl/ Th2
IL-4 7K M ( £s ,n=10) T BYFEI (%+s,n=10)
Table 3 Effect of melatonin on the expression of IFN-vy and IL-4 Table 4 Effect of melatonin on Th1/Th2 levels in mouse
in a mouse model of gastric cancer models of gastric cancer
2 1) Groups

IFN-y( pg/mL) IL-4( pg/mL) 253 Groups Thl Th2 Th1/Th2
i} R 4 itk
. MIRA 86.95+9. 74 7.26+0. 68 . MIRA 8.68+0. 75 6.37+0. 65 1.36+0. 12
Control group Control group
R ZH R 2
52.26+6.85 " 15.32£1.71° 6.33+0.71" 11.02+1. 14 0.57+0.07"
Model group Model group
CRENILEY ) AL+ AR R . ,
B ? 81.46+11.09"* 10. 14+1.13** B ? 7.62+0.86"" 7.850.84%  0.97+0.11"*
Model+melatonin group Model+melatonin group
T SXHRAIMIEL, * P<0.05; SHAZAIMIE, *P<0.05, T XA, * P<0.05; SHAZIMIE, *P<0.05,

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

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

RS ARRE B/ USRS MR 412
NF-kB mRNA FIHE £ 5 KRR (x5 ,n=10)
Table 5 Effect of melatonin on the expression levels of
NF-kB mRNA and protein in tumor tissues of

gastric cancer mouse models

EER NF-kB 21
NF-kB mRNA
Groups kB mR NF-kB Protein
i HR ]
i 1.00+0. 09 1. 00+0. 07
Control group

R .
Model group 4.56+0. 42 3.92+0.36°

2.17+0.20" 1. 86+0. 17"

H AR T Y 2R 35 7K 1 52 Model+melatonin group
Figure 3 Effect of melatonin on the expression of NF-kB protein W SR RAA L, * P<0.05; SERIA AL, *P<0.05,

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

in the tumor tissue of a mouse model of gastric cancer B
group, " P<0.05.
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B4 AREEEXE R/ EEIR E AT T NF-xB
EHEE Sy S Eip Al

Figure 4 Effect of melatonin on the expression of NF-kB protein

in lymphocytes in mouse models of gastric cancer

R 6 MR B/ USRI L A NF-xB
TR BIFEIR (x+s,n=10)
Table 6 Effect of melatonin on the expression of NF-kB in

lymphocytes in mouse models of gastric cancer

iRl NF-«B &
NF-«kB A
Groups KB mRN NF-kB Protein
i HR 4
XA 1. 00+0. 01 1. 00+0. 09
Control group
HERIEH
4.92+0.48" 4.48+0.43"
Model group
LA R R A . .
B = 2.75+0.26"" 2.21x0.217%

Model+melatonin group

T SRR, * P<0.05; SRR, *P<0.05,
Note. Compared with control group, “P<0.05. Compared with model
group, *P<0.05.

3 itig

T G B R EAE IS N B AL T il
D REIET R KRR T L A0 A
BB S ORI R EE R A s
Tl F5 90 4 Y 39 7R A LR T 25 W 0 T S R
ST EAEAEEMIGRE X,

WBRBAYUEE PR AL PERENR | L) S i
EPIR NPT TRE' S R4 R R R U
VE B 28 87 & B0, F 5% ¢ B 4R 2 22 m] LA+ Jik A
U INEE S LR S R BB g
R IR R R A ELA A S R A D RE 0 S I 4 AR
FEUA AR A ] A A 5 A ) e A0 A Y 1
BT KI6T 2 R AN A 22 43 540 R ] 2 ) R
M ,NF-xB £ H B = e o Kie7 AR ERE, N
Mgt E A i mE "™ . Bel2 B&MMBTHAT &
1, Bel2 2 (11 3235 2 5 80 H 9 R A At R i &
BN E, IF H Bel2 2 [ ) F A B NF-«B 3 5
0 ARHR SR AN AR T R A AR D

FRABEAY | 285 SRR I 2 1 G ol B 2T b 5 g 410 o) e
LAY A A I B0 PR 2 b g A A A R
Ki67 FHTIH T8 1 Bel2 U635, AN, B4
NF-«kB mRNA FIEE ([ 87K V24 0 35 7 5, 467 4
PRI A AR A S R BRI 1 KO LB NF-xB [ 3%
ik, Colombo %) B Hff 5% 2 I ikt 22 2% ] 58 1 411 il
NF-«B 38 [ i /K A il ZLR A S e e,
W5 7 4 23 L ) NF-«B 38 B Al i) COX-2
fl R, DA T R BT I B AR A VR Y AR RS
25 I AR BB AT /E mRNA FIEE [ 1Y KSF )
NF-kB 19335, i Ki67 Fl Bel2 8 £k, X &
REATC 8 9 200 B P 34 B i ) IR 75 = SR T, DT 0 41
B R R A A AR K R RIPT B RER

Stk — A A iR B TS I I HLH AR
BT Th/Th2 MARFERI K- L4 B i 2R 28 1 B s AL
il WFFR LM e M =5 B kA R
B LIRS B8 7 1) B AIK 5 S50 P A ok 1 s 2 4 e
TCTETE BRI S SO G &2 A, B S
PE T RBEAIS , LA B T e 440 e 1 e 28 ik o R | 2 3
i 2 U 32 BR G A KO R AR A5 Thi/Th2
YRR R CDA™T I8k L 40 i 434 1 Sk 18 A S A
Hr Th 48 S 988 F0 4 M SR, Th 238 a4y
W TFN-y AR M RN, FE A R e k], £ 32 e
TR e R T IRY . Th2 4TS Thl 40
FHRL, FERT3E 3 43 Wb 1L-4 | 1L-10 25375 5 G e 41 1l 2%
fift gk R R AE bR R, The 41 i 4 1k EL 1
L, AT AR, Th Eel i Tt S B R R
BTG A5 62 Ak, Th1/Th2 4 M i 4316 F 3 e
.52 % NF-xB 38 i J875  WF5E 3R H,S £t/
S NF-kB i} Th1/Th2 JAF , AT il s 2 05175 5
FRIRT 2627 AT T 5% 408 s A0 S 38 6 g R O 4 4%
(e 355 NF-xB 8 #% 09 F J8 81 Th1/Th2 - (1 =]
PEAG Y A A SR X R Sh AR Th/
Th2 BY52ME A B 58 F) G008 22 46 1F 1 /) BRURG) 2t
B RS AR LA 25 SR B 5 RN B ER, R
FERL/N AN L P TEN=y (19 7K S FEAR , TL-4 114 7K 37
Thi, Thl 48 e 0 F Thi/Th2 HoAE 3 FEAK, i
Th2 21 b 5, e A 9k B 2 b NF-kB mRNA
FER /KT8 8 2 T v, 3 15 1) 8 9 R AR AR B
B B Th/Th2 (1% 2 i, 9 B B G e il
MRS A {H 2 T IFN-y  Th1 400 L 45 F1 Th1/
Th2 /K3, #0714 A1 Th2 (7K, B 7E mRNA
AR I ZKF B ] 1 ik I 40 i NF-xB 1Y
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Tk, XIEEDY g R IR AR R E T
FEHE CDA™T Wk LA AR A 15 £k, DT 2 = HILIA 1 e 9
1o A5 2 B AR SR 3% 3R ] 3 2 Y R LG
FIh B A E I Th1/Th2 B & 45 S e 8 5 VE 0
AR5 L5 R R B 95 225 1 Th FIREAKA Th2 1
T, DI 52 i AL AAR 1) G 88 i 1 175 & B 93 J kil 1
R 20 AT 3 2k A B R NF-kB Y 2635 $2 75 Thl 44
JELEE 51 I 4 ] Th2 28 i 43 4k, AT A 2% 65 9 Thl/
Th2 [ Thl {wF% , F-42 JE TFN-y A9 4340 56 1L-4 1)
O3 U, SR G e S I S S B R DR

AN AR R 58 A7 7 S e S/ B M, B o, AR
o R, R TR R — e g LA
B A Thl/Th2 (/R AT, (HRHSA YT B 9 15
i BTN TS AIE R 5E . XT NF-«B 7F
HRPRZE BT E g P 0 0 BT T B RO R B
I LB B 2 8 5 B s P NF-kB 110 235 1943 T HL il
T ERANIE .

ZE LTIk AR PR T B A PR NF-«B 3 A
il 5 9 B ARIRE /)N U AR %) e Jeg A K, IR T Thl/
Th2 P, $emi R AT REIR AT B A I
249,

B3k
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Relationship and Traditional Chinese Medicine intervention of pyroptosis and
cardiovascular diseases

YOU Yue'**, LI Lingmei'** LI Lei'*?, HAN Xiao'**, MENG Hongxu'** | FU Jianhua'**** | LIU Jianxun'?*”
(1. Institute of Basic Medical Sciences of Xiyuan Hospital, China Academy of Chinese Medical Sciences, Beijing 100091, China.
2. National Clinical Research Center for Chinese Medicine Cardiology, Beijing 100091. 3. Beijing Key Laboratory of Chinese
Materia Pharmacology, Beijing 100091)

[ Abstract] Pyroptosis, a pro-inflammatory programmed mode of cell death that relies on caspases, is accompanied
by the massive release of pro-inflammatory factors. There are two main signaling pathways in pyroptosis: the classical
pathway mediated by Caspase-1 and non-classical pathway mediated by Caspases-4, 5 and 11. In addition, Caspase-3 and
Caspase-8 can induce pyroptosis by cleaving Gasdermin E and Gasdermin D, respectively. Recent studies have shown that
pyroptosis plays an important role in the occurrence and development of cardiovascular diseases. This article briefly
summarizes the relationship between pyroptosis and cardiovascular diseases including atherosclerosis, myocardial ischemia/
reperfusion, heart failure, hypertension, and diabetic cardiomyopathy. In addition, we review Traditional Chinese Medicine
interventions explored in recent years to provide new ideas for the prevention and treatment of cardiovascular diseases that
embrace the advantages of Traditional Chinese Medicine.

[ Keywords] Traditional Chinese Medicine; Pyroptosis; cardiovascular disease

[EE£TH]HEARBER GBI H (82174219) ;b at i v B 25 BH & SR IL 40 H (1]-2020-78) 5 [ v BEBh2¢ e BHEE 687 TR 5 H
BEBh (C12021A00912) ; 15 v B5 2445 38Um) v B2 25 G157 141 BA e A A 324631155 H (ZYYCXTD-C-202007 ) 5 b 5t 7 o B2 25 R &
JRE VY & AR H (QN-2020-14)

[1E& @] Uik (1996—) , %, TEEE 7T 4 ,Eﬁ%ﬁr‘ﬂ A 2525 T5E . E-mail . youyue90996@ 163. com

[EEESE I (1970—) B W+ 0758 61, 2k S, P55 07 19 O I R 2625 BAF5E . E-mail ; jianhuaffen@ 263. net



98 R BE AR 275 2022 45 9 A4S 32 %45 9 Chin J Comp Med, September 2022, Vol. 32,No. 9

MAET 2 —FPH Gasdermin 7\~ 5 1) 40 i 72 7
PEFET 7=, SR T2 & AR 208 BT AL, 5 1 240 i
Jieb AR A B A 2 P e 224 AR % A0 L PR R
AT 3 I R A BN o 98 A SR I A 22 A i
PRI IEAS FLRR AR | 20 M A T B A ¢ RE /)N
PR % 550 M4 B0 1Y K AR R R A O
W R, Z M 2552 75 SRR BE % I8 42 41 i £
B 300 LB 5 AR SR [ P SN A 5 b
J'& T AR AR T 2 AL B 5 0 i A R 1Y
RF, VLB B2 2 06 T 10 AR 2R 3R, LU i T T
A AR T AT, O I A 0 B B TR B AR s
2RI

1 AR TR

A TR i S 1992 4F Zychlinsky 7E 3
PR LA T B 1 B e 4 i v &2 B, 1999 AEAETD
PG TR J% e Y L W 40 B b o W6 B T Ry R
I S AT ST R ek Caspase-1 il il
FIFNEER Caspase-1 5 REA RLBH 1k I QRSB 75 5
RIZIAEAET S, I Caspase-3 $ll il &1 A GE ; $E R A2 1E
— TP A AN AL T 20, AN MO T 28 B TR DG 2R
1 Caspase-3 mFik0 2001 4 Cookson BT
Brennan MA B YK 4 il £5 70 L — Fh i
Caspase-1 41 3 19 & J3° ¥ 41 i 56 7= 19 8 JB K177
2011 4F  Kayagaki % & ¥ Caspase-11 175 4 5 W
NI AE T AR T Caspase-1 BIIG , IFH2 B2
e LR AE /MR AR s izl Caspase-1/11 (SENidER=
B AT A, ELE] 2015 AR, 350k ST A 5T A
GSDMD £ [/ Caspase-1/11 ) SCHEEEY) , AL AE T
PE B E XA M Gasdermin v 5 A 2 T M 40 it 3R
FELOT AN BB IESE & R, Caspase-3 | Caspase-8
T GSDME FEH W5 T 4fifET-. 2018 4F,NCCD
(ZMISET A4 22 Dl 2% ) M A AR T 0 SRy —Fhi
TPEANEAET” T E AR T Gasdermin £ 1 5 AL
G S5 LA R 8, 18 8 2 RAEME Caspase TS Y
Y AR T B R AL A T A/ A
IR TR A R SOIR A0 A0 K PN R AR
OIS AL AT FEE AL SRS L Al
JEL AT T AR A0 i K, A0 B PR
R 10~ 15 nm PREFLS ) 4R i 24, i N 28
VAT T LA AE /A T B R Al 48 PR - A0 4% 1 4
ﬂ@ﬁ\?—lﬁ( interleukin-13,1L-1B) .IL-18 ST R

525 11 B1 (high mobility group protein B1, HMGB1 )
YR 72 1 (heat shock protein, HSP)

2 ARETHRENS

2.1 {k#i Caspase-1 FJ%Z BLEE T 1@ B8

MM RS 5o R e 5 B8 Y
PEAISET (regulatory cell death, RCD) 53" g
KA PE RV TR 3Z 14 ( pattern recognition
receptor, PRR ) & R Gl 5 J7 A& A0 ¢ 43 F B =X
( pathogen-associated molecular pattern, PAMP ) il fg
B A0 & 7 F #% 3X ( damage-associated molecular
pattern, DAMP) , PRR &k EZ TR EE & H R
2k ¥ 3 FE 3% 1K ( nucleotide-binding  oligomerization
domain like receptor, NLR) . Toll #£ 3Z & ( Toll-like
receptor, TLR) LA 28 2080 2 B2 3Z {4 (absent in
melanoma 2-like receptor, ALR) & JLRR A ] A2 A
A, PAMP 5 DAMP #i ) PRR 7] 5 5 R AE X
W AR AR TR R AR MA R B R Y R AE
REMENEATREZEY . BB Z R
SE/MAA NLRP1,NLRP3 NLRP4 , AIM2 FI Pyrin,
Pyrin 7] L 5 4% 3k 5 1 ASC ( apoptosis-associa-ted
speck-like protein containing a CARD, ASC) JE il 8 SiE
MRS G, HAERSN BT Caspase-11 58 fix
TR RAE/IMASE: NLRP3 SAE/MA 43531 Hh 1 12
43F NLRP3 ASC I pro-caspase-1 ZH i, 46 PRR
A, 0 NLR SR, 2 RAE /AR S & W i e 4
RSy o TEANMLN FIAR S AR, RAE/IMA Y
WG AE N Caspase-1 THALI 73 F15 5-F & , #E 32
20 B TR ARAE SR, 4% A ORI X NLR
(NLRP4, M £ % ik = [N T 2 ( AIM2) . NLRP1 Al
Pyrin ) {1 IS BOR A 5 /MA I L4 T
pro-caspase-1 % ft. 2 H G & 1 #Y Caspase-1,
GSDMD # Caspase-1 Z&fi# I , BB FLIE BL N
RYEAIML A T IL-1B | IL-18 \HGRB S5 B, 5 T4l
12623 mae
2.2 k% Caspase-4/5/11 FHE & B R T i B

Caspase-11 i o WA J7 XA 45 5 | A 4 i AR T
—J7 T Caspase-11 A 4R | I 455 40 18 5 2 b
(lipopolysaccharide , LPS) , fE | F GSDMD, i5 % K*
AN, WS NLRP3 SEAE /MATF B R AE 7, S i
AR AET s 73— T, Caspase-11 M AEILIE pannexin-
13EIE B ATP (2 HERERS 52 4K P2X7 JIE 58 3E i) T
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O K Ahi, S R AR T

Caspase-4 .5 5 Caspase-11 J2[FJRE A, LIk
AL, d AT LR B LPS, {2 #F Caspase PR 5 5 1%
&, V%] GSDMD-N , 5 ZIE AL IE 18 A1 5 M A S 18
W, 51 & AIBET SRR AE

HAETXF Caspase-4.5 .11 A4 L3 J& 1) T fift 1 2
B P e HAE IR0 T AP T b X 1 38 98 9
P B ST R 2
2.3 Hfth Caspase M SRIMAMET

ITHAIF5E B, GSDME HEWS 8 Caspase-3 VI,
240 2B N Asp270, 5 AR B W) T R Y 3R K
GSDME-N H Bt, W\ S A £E T . Caspase-3
AlfE GSDME ¢ 53 U 30 il N ¥ A1 C ¥ J BE.
GSDME [ N ¥ K Bt (GSDME-N) 5 GSDMD-N #
oL, P B ORI B AE T X R
2T DMEIN Caspase-3 (9 3H0E A 5 25040 Ml 4 719
EGEME ™, BT, B 6 A GSDME, Al #
Caspase-1.3 Fl 7 2 315 S A AR T ) ixX itk
— R RE TR T IR

i 52 2 B Caspase-8 HIIIG fill & T~ NLRP3 #AF
AMEPT IR Caspase-8 M BEIS KT, K)E, HC
WF5T e 3 3k HIS 7R 2% TG T R0 2 1 yopj #1H] tak1
251 Caspase-8 MKHfi P ) GSDMD 24, 35
HAMMIAET: X EWRE Caspase-8 BT IRE A
T2 Caspase-8 55 Caspase-11 BB I8 Al LI 58
RAEFNE P D g R R Caspase-8/GSDMD i
&1 Caspase-3/GSDME 3 1% 1] BE J2& 4 g £2 7~ 1
AL

3 ARECSCNERFHIXER

O I AE B S T Y N 5 R A T Ry 3
| A AR TR 22 O I A 1 s L AR v R
OCSHVEIT . 240 LA T R R R 0 I 0 1) P D
PR AR TRy R A e HU L A R i A R
A IR IR N B AN, T A 50 IOk B I ke v G
5 RO LA KA WILEF 44k, hn 8 529 1 40 3, &
HHFAR,
3.1 HREET S5ahRREFREL

Bk AERE AL ( atherosclerosis, AS) & & ZFh
DR 28 A PR RE M 5 0 , AN B AE T R 8 J2: o ik s
FERE AL & A R R A SCAE R R 0 AT
Ve —F e S PR A MU FE T 05 =X, 78 3 ks A i1k

rhciEE AR, MR T R SN E )
Uk SRR AE A TR A AN S e, S BB B 2 A il A
B, B 2838 1o R A 8 A0 L PR 7, 5 1S
TNIREE S C
DAL B 24 21 R B A5 0 R BB 2 Bl ok o R A A6 1Y
RN, N A AR TR AR N D RERR AT . B
JRAG AR B A B — 26 A B P 3% AT i B9 NLRP3
ASC Fl Caspase-1 [J3R3K 5 N LA T2, in
BhIKHS FERE AL BE B 1 & JR 2 Yin B0 W 45
R, WAL AR R 3R 1Y ApoE™ T /N B P Y
Caspase-1 2 N 2 40 MBI FET-; 5 ApoE™ /N UAH
L, Caspase-1 il ApoE W& mbr /N U 3 sk ss X
SKREERE AL UK T 44%, Zeng 25 KB, K%
[A-F kB (nuclear factor kB, NF-«B) 11 ] ] BAY11-
7082 R i EREACPH K2 A H NLRP3 | Caspase-1 1 1L-
18 By 3R ik, A b = W % ( wimethylamino oxido,
TMAO) | % fb AKX %5 B 5 5 1 (oxidized low-density
lipoprotein ,ox-LDL) J& 1 T . TN 4 % & i i NLRP3
AT 00 P2 40 A AR T R AL R34 5 AR A 4 RS
P48 ( reactive oxygen species, ROS) j= 2 5 134360
AL FLRAR N E BRI AR E G WA B
(succinate dehydrogenase B,SDHB) 7£ W Al 5 4k
A T M AE R, SDHB 1 if RK (2T ROS
[ 4 T SDHB shRNA B YL iH B T TMAO 5%
S Sk P Bz i g T R ST R ROS/
NF-«kB/NLRP3 $li7E 2l Jiik o5 1 A 1 2 e v 114 1N Bz 4
MR TR AR
R 200 05 96 A 200 L 2 2l Dk ok A e A i ke
AFRE M P2 Al A5 T 2 ko R A Ak
BEH F AN RS 3227 Y R R B, A1
W] ox-LDL Ab 2 AT DU (A 135 37 19 16 TR 40 i
55 A AR AT AR 38 3 Ik 6 R A 1) & e
% 1L W% B8 19 AH B8 ( lysophosphatidylcholine, LPC ) J&
ox-LDL Z 3l ik o6 1 8if 1 5 A v HAT s BE AR R A
S F* Corréa %' HRIE, LPC i T 50 4%
VA B2 20 D e 0 TR A0 TS 2 R T Caspase-1 FY3
AN IL-18 BRI . ST IR, Je i T 3d i 1
Jil ROS 774 | 0% TXNIP/NLRP3 RAE/MA , 5 |2
EOMEAN IR T ) NF BB G 11 p6s iR
fifeidt 7wl Tk E A M4 i £ T, 2 p65
B siRNA JLERES, JE 1 T 155 19 Caspase-1,1L-1B .
IL-18 4 1 IA1E RAW264. 7 4 i AR,
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Peng % J G ORI PRSI R (4 NIX 38 i 3006 Zehr
T A REPD ] ox-LDL 75 T EL WA AR T~ Zeokidk A
W 1ok 24 B AR AR BB FL 57 AT B ROS 1) 77 AR Sk il
il EL VA B Caspase-1 FOTLTE A1 IL-18 By AL 36
HHTE Sh ks RERE AL A IS PR R BRI T, ek A LA
ks A SR E M ALRDR IR Al I AR T, B
45 R K B ROS/NF-kB/NLRP3 #ili 1 £k i 44t 7
S ok T 5 i e A 5 0 i T v G A Y
YEMH . AR, Caspase-11/GSDMD FFE 28 #L A T30 B
55 kR REREAL A R AR E . Fidler 251 % B F I
20t A T 2 N EE Bh ks BERE AL, T B BR Caspase-1
11 5% GSDMD K AT 5% Jak2V617F /N B 3l ik ok
FEELL

ST LA AR ) £ T AT S5 B0 ks B A Ak B B
LR YENE AR, I fish K 98 RE KN, DA TN R B0 B 4 AN
R 1 R MG 55 1, A9 R B, ox-LDL 3 i #E
NLRP3 %4 /IMAIE T - WLARMEAE T, 1] Caspase-1
IR VX-765 7] 2 WD ox-LDL 755 1Y N B2 40
P T, 0 2% 3h ok R Ak B K T B gE R
R TR SR AT 3 8 ApoE ™ /ML AIM2 , GSDMD-N
(A EE PR35, 35 DR 3l ok o A £ B e 1 5 (AR S F
R I AIM2 Fl GSDMD-N (926355 ox-LDL /K- &
WA 22, H NF-xB 31041 310 77 Lk /b ATM2 (1)
Tk,
3.2 AT 5.0 AERIN/ BEERG

LR Bh ik P P 2 R S B0 WL AE ( myocardial
infarction , MI ), F i e I B9 A D& T 92 2 K b 42 1.
ik, LABH 1k Oy U2 AR BE AR T, SR T, 224 L I 138
B 5t it JL B8 AR A5 DAY B IF % W v, Ll 240
ST S HEA TN EE | 3 — 995 B AT R AR by oo JIL R o P
JE 1 5 15 ( myocardial ischemic reperfusion injury,
MIRT) , SHE W FE MI/RI KAz i 8 o ke B 2 ) 4
M AT T RS BROR R R T, ok 2
FIUESE R 4 AR T 5 MI/RT 2 UTAH G

Kawaguchi 2517 % BLAE MI SET- H & 190 I rh
FE1E NLRP3 RAE/MA RS o TR ONLBR LA 1E BT
SRR T R R AR R A AR 238 KA, A
1M G NLRP3 4 AE /A, 42 oF 40 e 2 7=
NLRP3 4AE/IMA BT A5 1) 20 it 45 T m] i =085 IR
s KB MIRI 2 B2, H B IR MIRT K B CK-MB Al
LDH PR i it B 2 T B BB R KR, IF A
NLRP3 48 i /INA 15 A 0 40 it A 1 B4 384 im0 741

NLRP3 #RAE/IMAHHTE 7T W] kst MIRTSY 454
P14 370 8K ) 3 i 410 di] NLRP3/ASC/ Caspase-1 il
() K B3 MIRT BRSO L e g i st
PO &AL 7 8 NLRP3 A 5 09 41 Jf £ 12, 410 ]
miR-29a #[a] PLBRAE ELJH Y - 2 AHCHE 1 (sirtuin,
SIRT1) s Al LAk 36 MIRI™ . DL b #F 58 45 R & 9
NLRP3 4T (4l FE 7278 MI/RI i SCHEVE I,

W5 KB, Caspase-1 3 K # B /)N BUZE MIRI 5
Feo a5 TR U5, 0 LA BE T B Y H R
Caspase-1 13 & & 35 i) /N B, HEC JUL A B8 1 £ 2 1
st WESE &, A T R R Caspase-1 11
I3 VX-765 1T LAydi/b MIRT 454 453 455 700 o 100 JULARE
AR [A Y, Caspase-1 7] GE J2& 16397 U 1L 5 92 9 1Y)
TR A
3.3 HEETELRE

0> 717320 (heart failure , HF) J& K 2500 1148 85
I B A A IR O 3 1Y) 35 B AR FHRRAE 2 0
MR B | ZR I R O JULAR A I R 2T 24
AAPAET: R PEAN LRI O WLEF AL O IEAE RN
OIIRERRALST . UEAEk W5 3 B 40 I £ 7T RE AR
TNPAE 3 AL AR s R ) e

A 7 T R (' calcineurin
transgeneosis , CNTg) B9 3 B 3% 38 25 T 200 AL K
RAEFLL 2 K. NLRP3 48 5E /MATE CNTg /s
BRI O JIL R A 80, 28 TL-1 2 ARHE BT (IL-1-ra)
RIT)E WA DI RERS 2 ek 3E s b Ah , NLRP3 35 [N @b
A PRI 1L-18 FLO WL Caspase-1 154k, Ui /b 2 5E
L, e o E AR T RE . X Se45 SUEW] NLRP3
SARE/IMATE 1 TL-1B8 F2 30 WLTI) 6 e 5 AH DG 14 25 7
PEC IR, J0 1 30 AT PR T I AE 1l

o P A JEE 0 R T R A Y — T U
AFEOL Sy, AN R L UL AR A
1, Caspase-1 Fl IL-18 AR E KB 2E LM, b
JH Caspase-1 il 581 A L4 5 7K R 11( Angitensin 11 |
Ang IDIRYF O NI, & BL Caspase-1 855 T Ang 11
FIEAE JEAE T, 3X 5 Caspase-1 Fl IL-1B T A
%, Caspase-1 1L I 1-18 KR IHHE Ang 11 551
IRYiI1 N N ) W o2 3 | , Caspase-1 /1 19 41
AR T 5.0 WUIE &R %) A i L 25 DO AH O
3.4 HRETCSEMNE

155 1L & (hypertension , HTN ) J& — & 4 K B
RAEPESIR , A2 3l ik ks A A5 10 A S0 1l 8 0% 1Y
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4 PS =R B A2 = = e =1 | WA Sl 1 B O S = e
AT WA (LR B T A G ARRE /MR (%) R TS 1 L
FE R Rt B i o R R A,

RIESE MR AW EEFERZ —, R A
B, 5 TR NI A, It 1 v ot e A8 LT IL-18
KT %F IL-1B VK T Caspase-1, F= il
W) &4 g5 Caspase-1 B I A e g —
TF5¢ 26 BH | pro-caspase-1 mRNA 7£ F & P &5 1L &
KR = Zh KRB 20 ok v () F R 38 hn TR 42 S0 HE T
DOFP AT AE R B Ab, R 2 BN BRUE
NLRP3 ,ASC Fll Caspase-1 [ 335, fiE i Caspase-1 1
WnE , A IL-18 ARG . NLRP3 RAE/IMA G4
oy 28T T AT DL RE 92 i R Y R i
NLRP3 A /IMAR I 254 7] LABE IR I, MCC950 &
— 7 NLRP3 SZARBH AR , & AT LATR M 005 = £R175
(9 /NBR g I, PRI, NLRP3 4 i /M ] BE &
R R 250 R 1 — NI TE T 1]

3.5 “HREET SHEERFEEOIRE

B R 95 14 0 WLSK ( diabetic cardiomyopathy ,
DCM) S5 b i W 193 % D0 1 5 i, DA C WLET 44k
FLC LI A RR AR, TT S 300 5 O R H FIR AL
BV NEYEE S AW TGRS TR =R = R A
PRAE ANRAET - AT BES DCM (1) &AL A ¢,
AR TFE DCM ot B & #5E 2R,

WEFE 8RRl T 3E A A2 2 NLRP3 3 AIM2 4
JE/MAFZE 35 TS Caspase-1/GSDMD 451
AR AT, KPR RO PO L P AR R T AIM2
Caspase-1 IL-1B F1 GSDMD 1E8H R 5 1k O LG
(0 LA 2 (%) 2 38 T 5 T G A0 ) ATM2. 85
/MAERFRIR T IR AR I AE T, XF DCM A 2] k38
VEF' | KAEESFS RNA Kenglotl 7E DCM /)R
A EAL T, IFE A miR-214-3p {23F0 WE AL
AT, MiE L UTER Kenglotl A L] DCM
/NERER O LA AR T, AT el /N BR 9O WILEF 44k
LD INRE' DAL 25 R0, 0 40 i 4 - {5 5
FERTHE Y DCM ITRYT SR 8T 0 75 1)

4 HFEHBARTERETHEONERFHEXHR
Ei

Wit 5 24 £ T A A T 0 2 i ROk B 22
255207 AR AT RS ST BUE I AT LLGE 3 NLRP3 |
Caspase-1 ,ASC .GSDMD ,IL-13 . IL-18 EET(E5H
AT, T A AR T, s O LS e, H
o, T NLRP3 RAE/IMA | Caspase-1 45 (1 4 Jifd

FET R 24 RO A PRIV A S AL
4.1 HBBKEEN

TH O AR 7 A2 A R 0 7 5 24 1 34 7]
T J774A. 1 B ME A M A T AH OC 8 1 NLRP3
Caspase-1,GSDMD 1933k Ml 4i A T, N1 & 4%
iR Fesd B BBEHME R ARkl
1L NLRP3/ Caspase-1 38 J 52 Wi 20 g £2 7, BFAIG
Caspase-1,GSDMD NLRP3 [ 45 (4 #3357k /3l
ok s AR A 5 G 1 LY S 4L TL-18 \TL-18 &
&, T CsE kR REAE AL R R FAR R DR ™, ig
o 3% I M AT AR U937 B MEAN AR TR, F
4 GSDMD-N ,Caspase-1 , ASC \NLRP3 |IL-1B {23k
I, AT AR A T DU BB 2 g i i 3 i R
% TLR4/NLRP3/Caspase-1 i i 411 il 20 Mg £ 1, 24
257N B Bh ik o83 B T Ak B B BRI T BEN L BT
RIS 25 Bk G ROy | PR I A T
P AR TP KO AR RE AL O LR 1 K 2,
4.2 PO ALER I FOER I B R

24 52 Ty LU RIS AT R AR Co JUL A L A5 28 KRR,
LA L Caspase-1 B35, B GSH-Px & &,
U/ B kS R RE AL ALY, e 2 O LI Al
FE AR B4 k34 AT 3 {1 20 it £ T AH OG B 11 ASC
Caspase-1,GSDMD I NLRP3 f{) 33k, J /> 48 5E [H -+
IL-1B3 FREHR, 9 20O JIL dfe ot P-4 3 A R0 R LA 0
IUREBE AL peAh 5 8 & B fh— s v 2
PR RO AR O A R O 4 A A T
O LB ot AR BBl ot P A LR 1 R 2,
4.3 W|OHFEIER

W24 A2 B L 25 1M ] LA e A 5 4 i A
ToOREE D IIRE, ISR D, W £, 2 E Ty
75 2 2% ok Wk 5.0 BH R 459 AT 38 43 B IR NF-kB |
NLRP3 (2635, ] Caspase-1 . IL-1B HYIEH AL, HEIM
JAE AT HGEAS MO 3 IR AN S IR S5 IR R,
L FH A AT fg O TR 5 1% R M 3 ( MLK3)/NLRP3
3 I A O UL AR A I, B0 T T
B, 0 BH R B 2 I3 8 TR AR NLRP3 | IL-18
GSDMD , Caspase-1 mRNA 7K “F, il #i] cleaved-
GSDMD (ASC F) 2 [ k7K, Pk 20 0 L4 it
RAE B DIIEE L RERETT Al 0 418 ROS
E it FEAK NLPRP3  ASC , Caspase-1 75 [ f) F ik 7K
-, AT REE 2 ] ROS/NLRP3/ Caspase-1 {5 5 i #%
WIS AR PO /N RO LA A T I
#1.
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Table 1 Summary of Traditional Chinese Medicine compounds against cardiovascular diseases through cell pyrophosis

2558y ey "
Chinese herbal %g{i\iﬁi Z‘Jiiﬁfﬁﬁ )
Experimental model Pharmacological action
compound
IR/ BEH TR, AR B e Py g S5 B A I 7 CRPIL-18 IL-1 /K -, B Ik NLRP3
NGB 92 5 ApoE ™ /NEL  Caspase-1 Al GSDMD 4 4l mRNA mzw A E S kAL TR NLRP3 0 /IMA o
EJJ%%S’#@(U&R b, BAFTL4 FasE AS SR BELay £ 1
ApoE 7~ mouse model of Reduced plaque deposition, lipid content in plaque, serum CRP, IL-18, IL-1B levels, and
N = atherosclerosis induced by high protein and mRNA expressions of NLRP3, Caspase-1, and GSDMD. It plays an anti-
5O IT fat diet inflammatory and stabilizing role in AS-vulnerable plaques by inhibiting the activation of NLRP3
Qingxlin Jieyu inflammatory body in aortic tissue
formula
@&Euﬁggﬁiﬂgf% gﬁﬂf& NLRP3 {%:ajs s {% 1 GSDMD 25 111 mRNA [t 33k , K IR 5 2
IL-1B ik | NLRP3 #AE /)N
4 pid] s
};Ziﬁ 1 IE dﬂﬂl]ﬁﬁft*% hosi Decreased macrophage scortosis, decreased the expression of NLRP3, Casspase-1 and GSDMD
; he (rjno 1 OL PYrophosis —  otein and mRNA decreased the expression of inflammatory factor IL-1B, inhibited the
01 macrophages activation of NLRP3 inflammasome
22 U7 Al T 0
T(EAMEK) A EENGE QSR B ] . 4R 1 2 e ok T 2
Zuogui YT74A. 1 FS A TR ﬁﬁ[Iﬂ?H B, M) NLRP3 ., Caspase-1, GSDMD Y 2 11 2 15 /K &, Wi 410 1 21 g
Jianglang . Qde?n‘Ve low deI:lES?ty lipoprotein Decreased LDH release rate and inhibited the protein expression levels of NLRP3, Caspase-1 and
Shuxin formula induces pyrophosis of J774A. e Ly .
. GSDMD, thus inhibiting cell pyrosis
( medicated 1 macrophages
plasma)
NI TRDRIME 35 25 & G 2 53457 1 ﬁéﬂaﬁm I AL Caspase-1,GSDMD \NLRP3 25 [ 3235 ; 3l 2 il 5 S P E 40 40N TL-18
B IT Eiﬁﬁ’.zﬂﬂﬁ*ﬁiﬁﬂﬁﬁm IR ,/JRW’EFHTﬁ S NLRP3/ Caspase-1 i B B WAL g 7= 72
Huatan High fat diet combined with Imprnve hpld deposition; Decreased Caspase-1, GSDMD, NLRP3 protein expression; The

Quyu formula

ﬂéﬂa(émﬁﬁ‘

Zhllong Huoxue
Tongyu Capsule

0 %%
Simiao Yong’ an
Decoction

57 LI R
Shanzha

Decoction

Z:E A Bk URL
Shenkui
Tongmai
Granules

LA
Xinyang Tablet

L (2
IR

Xinyang Tablet

( medicated

plasma)

REBTT

Lugi formula

immune injury to establish rabbit
atherosclerosis model

fig 2 B A = 0k TR IR T i R
U937 W2 i A A8l

LPS and ATP induced pyrophosis
of U937 macrophages

JETARHIE 32 3 ApoE ™™ /R
ZjJ HIK 9*5'#@ [ a s

ApoE™”  mouse model  of
atherosclerosis induced by high
fat diet

SD kﬁt%ﬂﬁiﬁﬁﬁi%&z?%

MBS ERRBOC AL
AR

Myocardial ~ ischemia ~ model
induced by  high-fat  diet
combined  with  subcutaneous
multi-point injection of

isoproterenol in SD rats

SD K Bl 18 10 R Y
Chronic heart failure model in SD
rats

C57 /Mg L5

Chronic heart failure in C57 mice

HL-1 0 LAN R 25 4 4k 31
HL-1 myocardial cells treated
with lipopolysaccharide

fig 2 B A = 0 W2 AR T R
HL-1 G LR R A T AR

HI-1 cardiomyocyte pyrodecay
model induced by LPS and ATP

C57 /N BUHE P Y
C57 mouse model of chronic
heart failure

contents of IL-18 and IL-1{ in serum and liver tissue were decreased. Its protective effect may be
through regulating the NLRP3/Caspase-1 pathway to affect cell pyrosis

) E AR A T, A Gsdmd-N |, Caspase-1,ASC il NILRP3 975 [ 323k K 374
It inhibited macrophage scortosis and reduced the protein expression levels of GSDMD-N,
Caspase-1, ASC and NILRP3

W HFRERS B TR, BEAR 1L P TC TG \LDL-C /K, i3 )8/ NLRP3  Caspase-1,GSDMD |
IL-18 . IL-18 mRNA 7K -, B 1% TLR4 NF- kB, NLRP3 Caspase-1,IL-18, GSDMD EI | 223k
KT (7]

Decreased liver lipid deposition, decreased serum TC, TG, LDL-C levels, significantly
decreased NLRP3, Caspase-1, GSDMD, IL-18, IL-18 mRNA levels, decreased TLR4, NF-kB,
NLRP3, Caspase-1, IL-13, GSDMD protein expression levels

FEAK M MDA [ CK & i sk A A8 1k B4 FO LA 24U Caspase-1 235, #15 GSH-Px
W ,U\ﬂ‘ﬂﬁjﬂhﬂ%ﬂﬁ%ﬁ SH AN T 1

It can reduce the content of MDA and CK in serum, the atherosclerosis score and the expression
of Caspase-1 in myocardial tissue, and improve the activity of GSH-Px, so as to achieve the effect
of anti-oxidative stress and anti-cell pyrophosis

3. O IR, K TLR4 NF-«B \NLRP3 IL-18  Caspase-1,IL-1B H#E [R5k S EHIA
MOl i, X LA AT A — 2 0 e )

It can improve the cardiac function, decrease the protein expression levels of TLR4, NF-«kB,
NLRP3, IL-18, Caspase-1 and IL-1B, and increase the content of antioxidant enzymes. It has a

certain inhibitory effect on cardiomyocyte pyrosia

et DI RE KD LT AL, AR NF-kB \NLRP3  ASC , Caspase-1,IL-18 IL-18 .GSDMD HYJ%E
RIBKF-
It improved cardiac function and myocardial fibrosis, and decreased the protein expression levels
of NF-kB, NLRP3, ASC, Caspase-1, IL-18, IL-1 and GSDMD
PR T IR TR AR BT, MZISW R — 0, L0 HE PR AE I 45 MLK3/NLRP3 £
Yl
Reduced the expression level of coke death related molecular protein, which was consistent with

the in vivo model, and its cardiac protective effect was related to the coke death signal of MLK3/
NLRP3

PEEG HL-1 0 WUANMLTS J7 , AR O WLAT ML 9 8 S 3, 30l NLRP3 \IL-1B . GSDMD , Caspase-1
mRNA 7K . [ 1% NL RP3 Caspase-1, pro- Caspabe 1, IL-18 pro-IL-1B, IL-1B cleaved-

GSDMD ASC 12 11 ik 7>

Increased HL-1 cardiomyocyte activity, decreased cardiomyocyte inflammation, The mRNA levels
of NLRP3, IL-1B, GSDMD, and Caspase-1 were inhibited, and the protein expression levels of
NLRP3, Caspase-1, pro-Caspase-1, IL-18, pro-IL-1p, IL-1B, cleaved GSDMD, and ASC were
decreased

WA WLZHZE ROS 758 | & AIR NLRP3 ,ASC  Caspase-1 7 [ (i F235 %%
Decrease ROS content and NLRP3, ASC and Caspase-1 protein expression in myocardial tissue
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Table 2 Summary of TCM components against cardiovascular diseases through cell pyrophosis

s )
ey S 2
Chinese herbal . . .
Experimental model Pharmacological action
compound
RIS S N S AR T WD IS A S A BE T e, Wi 200 M 3% 1 7R 200 e R 1 4] LDHL IL-18 Bk, e
g & NLRP3 ,Caspl p20,IL-1B ICAM-1 £ 355 /KF i 4 s =7
ah drom /r;cetin Model of coke death induced by  Decreased the number of vascular endothelial cell death, improved cell viability and cell
Y yree palmitic  acid in  vascular  membrane integrity, inhibited the release of LDH and IL-18, decreased the protein expression
endothelial cells levels of NLRP3, Caspl p20, IL-1B and ICAM-1, and inhibited cell pyrosis
FAARG LA 410380 10035 P9 B2 % 1 (ET-1) A IL-1B &8, LR BT 11 ASC NLRP3  Caspase-
SD K BB IR S kOB REREAL 1 iRk, I B REIR I A g g T
Rl Decreased blood glucose, inhibited serum endothelin 1 (ET-1) and IL-1B, as well as the
Diabetic atherosclerosis model in  expression of ASC, NLRP3 and Caspase-1, and reduced bone marrow derived
SD rats macrophage scortosis
TR IR B SR A AR 5 B AR 2 1 Ak
¥ LIV i R T AR Y , T .
SPAMIBICER g ASCONRLPS Caspase-| IO FIACE 2235 N
P t;:t:;lb :;he Uhigll?dcmgl)uzi: Decreased ASC, NRLP3, Caspase-1 protein expression, and reduced cell coke death
Sinapic acid combined with oxidized low

5 RAT
Salidroside

Curcumin

BRE

Puerarin

Tl B

Naringin

density lipoprotein

o [F) 5 2 e SR 5 3 1) P 5 20
AT TR A

Model of scortosis and apoptosis
of endothelial cells induced by

high homocysteine

e 1R R M 35 B ApoE ™™ /N
Bl RERE AL AR Y

ApoE ™~
atherosclerosis induced by high
fat diet

LEEZ RNl SR E H PN
B K N B 2 g T
A model of pyroapoptosis induced

by LPS and ATP
umbilical vein endothelial cells

mouse  model  of

in  human

S = TP e 8L 38 PO 0 L £
TR

A model of pyrophosis of vascular
endothelial by

cells  induced

trimethylamine oxide

ox-LDL 755 E WA L AR T4 7Y
ox-LDL induced pyotopia model
of macrophages

SD R B AL i -0 A6 2
Myocardial ischemia reperfusion
model in SD rats

) ET-1 F1 IL-18 43, B Caspase-3 ,Caspase-1,ASC I NILRP3 [ 45 125 5K F , 41
AN BE T T

It inhibited the secretion of ET-1 and IL-1f, decreased the protein expression levels of
Caspase-3, Caspase-1, ASC and NILRP3, and inhibited cell coke death and apoptosis

P G S5 TR A Bl Jok 9 A T Ak BE B OE A, 0 40 MU BB T, FRAIG Caspase-1, IL-18 FiI
GSDMD £ 144235 /K V- Al TUNEL FHE S (6, e i =™

Reduced lipid deposition and atherosclerotic plaque formation, reduced cell death, decreased
Caspase-1, IL-18 and GSDMD protein expression levels and TUNEL positive staining, and
thus reduced cell coke death

A Caspase-1 {fi k., M1 IL-1B Bk

Decreased Caspase-1 activation and inhibited IL-1f release

F#A% NLRP3 , Caspase-1IL-1B [ 1FRIBAE-, M ROS A1, 194 UQCRCI, f&5 440
%t{sm

The protein expression levels of NLRP3, Caspase-1 and IL-1B were decreased, ROS
production was inhibited, UQCRC1 was up-regulated, and coke apoptosis was antagonized

FEARS 8 iE AT - TL-1B  IL-6  TNF-o mRNA /K-F 4 41 i £ 7 2 {1 NLRP3, cleaved-
Caspase-1 7K (8]

Decreased the mRNA levels of inflammatory cytokines IL-1f3, IL-6, TNF-a, and inhibited the
levels of cell apoptotic protein NLRP3 and cleaved Caspase-1

WD TL-1B IL-18 F1 MDA 4, 30 SOD i E A4 41 3R | &A% ASC , Caspase-1,GSDMD
1 NLRP3 (28 4 235 K -, HXh R B MI/RT 9 PR 4 77 1T 0 Rl 5 400 I 4 1215 5 i
/{:j- %[83]

It decreased the contents of IL-1B3, IL-18 and MDA, increased the activity and inhibition rate
of SOD, and decreased the protein expression levels of ASC, Caspase-1, GSDMD and
NLRP3. The protective effects of these drugs on MI/RI in rats may be related to the cell scoria
signaling pathway
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M ER e A
Chinese herbal . . .
Experimental model Pharmacological action
compound
BB IIRE Wb O LA BE T AR, 00 1) 2 e 40 R, B AR P O UL A T
N W ¢TNT) \IL-1B 7K-F-FLL LA LU MPO 3, F#4IK NLRP3 | ASC , Caspase-1 ,GSDMD [
o sp KRB (IR ’ 7 P
-1 Ik L . . EESLY/ S8
Myocardial ischemia reperfusion ] . . . - . .
[-asarone model in SD rats It can improve cardiac function, reduce the size of myocardial infarction, inhibit inflammatory
' i cell infiltration, reduce the levels of ¢TNT and IL-1B in serum and MPO in myocardial tissue,
and reduce the protein expression levels of NLRP3, ASC, Caspase-1 and GSDMD
PO WU BRI 536, B35 O DI RE, 300 5h 28 14 40 332 9, /b0 ILASEZE T AL NLRP3 |
S SD KBUL LB M FERE AR Caspase-1.IL-1B . IL-18  ASC fY7E [ F55%)
Pinerine Myocardial ischemia reperfusion It can improve the survival rate of myocardial cells, improve cardiac function, inhibit
p model in SD rats inflammatory cell infiltration, and reduce the protein expression of NLRP3, Caspase-1, IL-
1B, IL-18 and ASC
Hj‘ﬂv‘“‘é‘# =N Lﬁkmlﬁ:‘g‘ 1;"‘ 1 2. ~ X S TR ] (] 4] Az - [86]
Total SD KO TEEAR Y [#4 NLRP3 ,Caspase-1.IL-1B ,ASC ({25 [ 335 ek /0O LA g
lucosides Myocardial ischemia reperfusion  Decreased the protein expression of NLRP3, Caspase-1, IL-1 and ASC, and reduced
g tcosices model in SD rats cardiomyocyte scortosis
of paeony

PNF

Emodin

Apigenin

PNiS

Gastrodin

FHSH 1A
Tanshinone ITA

AR
Dragon’ s blood

SD R Bl WL i P4 T A A
Myocardial ischemia reperfusion
model in SD rats

SD AR R AR O UL 40
S/ AR

Model of hypoxia/reoxygenation
of primary myocardial cells of
newborn SD rats

HE ZBEFI = BERR AR5 AN
o0 Ik P9 i 200 i e T A R

A model of pyroapoptosis induced
by LPS and ATP

umbilical vein endothelial cells
HOC2 41 Y 5 48 Iff 35 M2 Bk 4

Ak p
HO9C2 cells were replaced with

in  human

serum and treated with hypoxia

C57 /)N B L P 3 453 1 A 7
Ischemia reperfusion injury model

in C57 mice

N T PR 1 240 B 4 5
SRR
Model of

reoxygenation of human heart

hypoxia and

microvascular endothelial cells

JEAR/IN L LR 5 S S e
FHECC LA A

cell
induced by hydrogen peroxide

Myocardial injury model

treatment  of primary mouse

myocardial cells

SD K Bl AL L P T A
Myocardial ischemia reperfusion

model in SD rats

Ul O AR SR T AR, B0 O LA MDE 25 | BRAR TL-18 7KSF-, /b 40 i e 1
It can reduce the size of myocardial infarction, improve the morphology of myocardial cells,
reduce the level of IL-1B, and reduce cell pyrosis

PRI A0 LT 77, B A GSDMD-N | Caspase-1 . TLR4 Z& [ %3k, W/ 1L-18 ¥ &, T
MyD88 . p-TkBar . p-p65 \NLRP3 4% /MAHI ASC ik 5% 87

It also reduced the expression of GSDMD-N, Caspase-1 and TLR4 proteins, decreased the
concentration of IL-13, down-regulated the expression of MyD88, p-IkBa, p-p65, NLRP3
inflammasome and ASC

BEINAN MG , MR AR AT M N Caspase-1,NLRP3 | IL-18 | IL-18 FJ 2 [ # 35 7KF i b 2>
AMEET

Increased cell activity, decreased intracellular protein expression levels of Caspase-1, NLRP3,
IL-1B, IL-18, thereby reducing cell pyrotopia

F#A% Caspase-1 NLRP3 ,GSDMD-N F#E 1535 /K - K E 35 TL-18 1 TL-18 & &, Hik
8.0 WA g HLRL T i 2 e LA A e 1Y)

The decrease of Caspase-1, NLRP3 and GSDMD-N protein expression levels and the contents
of IL-1B IL-18 in
cardiomyocyte scortopia

P DO WUREZE T AR O LA 0 1= R0 98 1 40 = T R B ARG Caspase-1, NLRP3 Rg=hi0]
FE LR L-1B RS g fe e

Reduce the size of myocardial infarction, myocardial cell apoptosis and inflammatory cell

and supernatance may be the mechanism of improving

infiltration degree; Decreased Caspase-1, NLRP3 protein expression and IL-1f expression

level ; Reduce cell pyrosis

FAAR Caspase-1, NLRP3 2 14 13235 M 1L-18 HYEIA K-

Decreased Caspase-1, NLRP3 protein expression and IL-1B expression level

[ GSDMD Hll Caspase-1 & [4 235 7K -, W20 IL-1 1 IL-18 & &, fi ¥k K 55k 4R %
RNA AK003290 3k , AT 1l LA L 454 %3 i 4 s =)

Decreased the expression of GSDMD and Caspase-1 proteins, decreased the content of 1L-1B
and IL-18, and promoted the expression of long-chain non-coding RNA AK003290, thus
inhibiting cardiomyocyte injury and cell coke death

W00 MU BE T A, B iR NLRP3 | ASC | Caspase-1, IL-13 mRNA ) 32 32 K 3F 1 41 Jfg £5
TR

It also decreased the size of myocardial infarction, the mRNA expression levels of NLRP3,
ASC, Caspase-1 and TL-1B and the coke death rate
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Progress on depressive animal models and their application in
Traditional Chinese Medicine

LIU Zhiheng®, YUAN Xiahong'?, LIU Lin"*
(1. the First Affiliated Hospital of Hunan Traditional Chinese Medicine University, Changsha 410007, China.
2. Hunan Traditional Chinese Medicine University, Changsha 410208)

[ Abstract] There are many problems in the clinical treatment of depression, such as the high toxicity and side
effects of drugs, and high relapse rate after medication withdrawal. Accordingly, there is an urgent need for the application
of Traditional Chinese Medicine approaches. Likewise, increased basic research of Traditional Chinese Medicine is also
needed. However, use of animal experiments for basic research creates some problems. In particular, animal models of
depression based on modern medical etiology and pathology theory cannot be well applied to research of Traditional Chinese
Medicines. Therefore, disease and syndrome models are often combined to construct a combination model of disease and
syndrome suitable for animal experiments of Traditional Chinese Medicines. This article describes the preparation of a
combination disease and syndrome model that uses correlative research as the starting point to make it more scientifically
and reasonably applied to innovative research of Traditional Chinese Medicines.

[ Keywords] depression; stagnation syndrome; Traditional Chinese Medicine; animal model; combination model of

disease and syndrome
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Research progress of exosomes in systemic sclerosis

DING Tiantian'*, LYU Fengfeng’, ZHAO Qiaoying”, SUN Xiaolin®*, WANG Yongfu®*"
(1. Baotou Medical College, Inner Mongolia University of Science and Technology, Baotou 014010, China.
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Science and Technology, Baotou 014010. 3. Central Laboratory of the First Affiliated Hospital of Baotou Medical College,
Inner Mongolia University of Science and Technology (Key Laboratory of Autoimmunity of Inner Mongolia) , Baotou 014010)

[ Abstract] Exosomes are small vesicles that can be secreted by most cells. Exosomes and their miRNA, mRNA
and proteins play an important role in intercellular communication. Specifically, exosomes play an immunoregulatory role,
participate in the pathogenesis and immunotherapy of autoimmune diseases, and can be used as effective biomarkers for
diagnosis of diseases. In addition, exosomes can be used as biological carriers for drug delivery. Systemic sclerosis (SSc)
is a complex autoimmune disease whose pathogenesis includes vascular damage, immune abnormalities, and fibrosis of
internal organs and skin. In recent years, good progress has been made in the study of the pathogenesis of SSc, which has
promoted research on clinical treatments. This article reviews the composition and function of exosomes, and their potential
role in the pathogenesis, diagnosis and treatment of SSc.

[ Keywords] exosomes; systemic sclerosis; immunoregulation; diagnosis; therapeutics
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A AR5 PR A DG W20 S T A i 380 3 A
HNIMA K L SR 5 A% 1 45 40T A S e AN, I
WEANAE , TS FIL 2R B LT 4k 2 IR
AR T B TR A0 L ) S8 L AR SE AT AT R AR T
NN W5 T 40 Ml ( adipose-derived mesenchymal stem
cells, ADMSCs ) 25 (1) &1 WA 1 2 75 5 18 3l P N\ 28 .
R ST A i 0 1548, AR S50 @ &, iR &
B ADMSCs SHe Y i A1 A 1T e N 28 B0 1 28 24 240
P, AR AR ) AR ik N IS B B Bl F 4 4
(3 8 FET RS, 0 e D5 o, T) s 398 in 1 B 41
AN 0BRGN E AR -1 T AR I
Y N SN (I T TN = S iR e
AEMY miRNAs A9 & 4, M s fz ik f 2200 55
A TEEGE AN ADMSCs 3K U5 1) 40 b (4 X6 J2 19k 455 11
AA BRI R & B, ADMSCs K H SR U 4 A1 b A< I

FHEAN T SZ AR miR-19b fYFE 3K M4 miR-
19b 530 ADMSCs e V5 A A1 I 1R R 96 7 RESR AR A1
ST K I ADMSCs S 5 59 ZR WA miR-19b
W R CC PR 1(CCLL) iy 38
AR R JR A% 1 AT . TGF-B 3 [ A G 7T
el WAL BEGG O f . X — & Bl fEA B
T & AR AL AT ik

BSCET A 4 A U5 1 A1 A 0] DL S 2R AL
FE SSc H 3 8 XF B IE BN K R AR 4 L SSe
B AT AN & B, AE SSe HR B Uk i 2T 4k 40 Jifg
rPOLEE EAMIMARRIC CD63 .CD9 HI CD81 fl £ ik 1
i, 2 B AN IAAK -3, 1 ELR VR SSe £ AT
YA A 35 IR T B ol A1 T AU o2 1)
mRNA 7K {2 35 34 0, A0 WA 5 2 3% n vl RE i
SSc B LT AEAN AL T A J5 % 3838 fin, A fi2
BELF AL, AR, DA SSe SR AT 4k 40 i 15 37 3
O3 B8 B AN AR T DA S AT e A i rh T B
IR E Nl IR AMNIMA AT ES 5 SSe 1Y
EaR A

AR5 2 30 v 1 A A0 i OB DR 1) S0 s AR B iR 2
%5 SSc KIEHLEIHEFAEPE miRNAs F1 IncRNAs, Xf
dSSc A& v PR 48 A R U By b W A& miRNA Al
IncRNA Rkl #E 4T R G 0 b, KL T 5 5 b4 11
miRNAs . IncRNAs F1 mRNAs #1389 15 5 1%, t 45
Wnt AMPK IL-23 F1 NOTCH {5538 % , 7] i 4 5 H1
S SSe LR 4EALAH I FE R X, dSSe f
rh R A YR A A AR T I Wt , AMPK | 1L-23
I NOTCH 15 538 B, R LT e b i R 2ED, X2
B—ARG AT dSSe HAE H R 41 i Sk R A S 2
& miRNA Fl IncRNA FRikjEMBFST, —2 5 SSc 4F
AL A K B9 IncRNA-miRNA-mRNA 1] fig J& dSSe
TELER AL DIFR S P FIIR T HE A {HIX 28 RNA (2B D)
LUIRE NI AH AT 5l A Fr it — PR R

4 SMBMETE SSc KIS A RIETE R A

HNIBARA AT LI Sy A Wb i 12 Wi s |, i
AR Z MR 3697 70 AE il PRI2 W L, S
PRTRESEA R A Wb AR W), REAS BB H AT BLA /Y
TRAMEIT LS W, S AR H5 3 (4 4% Fh 2 F BTN
miRNAs , JE A4 H B R Ha 1E N 125 Rl 1 R
UFIA bR S MR IR, S A P 2% Bl 2 1 K
ARG E i RO T DL 2 B O A
WA Wbr 5, T2 SSc PPl B E Ji 1 ™ 5
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TR B VP Al 8 X IRIT I R, Ah WA AR Y
miRNAs 14 A Y bR 5 W) 50E <8 3 Rt A 240 i v 4
A BUR B M W ) — R WO
miRNAs J2/NKJ (29 22 AR ) AR G b5 A0 AL £
SEHY RNA | BESTERE s J5 8 7 5 2 1 g B Ak P 1Y)
FIK EFF miRNAs KA SSe ¥ 75 1 &R 12 Wi Fn 15
JEFRCH S TG AIATT I, BT KR LA
SR A RO ) 5 1 | SN I 1R — R Y T 2
b AR E R VE 2 0T 0 2 ) i % 1 2R
T AR BR A ARRL - | SUBORE 7K B8 S 45, (H IX 2
BARRZ BA YR AR 2 B e %
18 A W R 2 R 2 W e e 5 Tl s, T A B A
2 A LA I 0 A 24 ) i 22 B8RS B4 i 10
ROAEALE L RGF0Y AW R B ReE ke B A
AR B AR /N BE R G s SR SRS
B RGN DOKFENL 25 25 R G i KB S5 g
4 25 ) B T % B A AR AL, B RR Sl 25 P 1]
H AT AR 2R W, S WA 9 45 FH 38 AT LA oK R TG 4
JHLIRA A 325 T 1) T % B9 iy

TR R 22 BRI ST UE S MIMART SSe AR/ N A
IATEH . TEMIBRE R T SSe /MUY rh A 5%
JieHY 18] 78 )51 120 A2 ( umbilical cord mesenchymal stem
cells, UCMSCs ) >R U fr) S 18 1 36F B Bz 21 e AL 1) 52
Wi, 25 R R SSe /N4 UCMSCs R i SN A 16
IPIRIRE T EL R Akl b T LR SR IR T
BT HEMTHEURIE . tesh, UCMSCs SR B 1k 1A
i T YR et T Y AT o P LU 2 1 (o
smooth muscle actin, a-SMA) HJFi5, 1F UCMSCs
KA SN IR KL BR (/N B, TGF-B/Smad 55 18
HeZ 2P H Y S5 R UCMSCs 2 U5 14 70 1
AT LATE 3 F 98 TGF-B/Smad 15518 F& U6 55 £L Kz
£TAEA T VLR ET 24 40 1 980 A R ST AR, DA T 5
T SSc BIRU/INEUY B IREF AL

AN, B BE A 7T BT 40 8 ( bone marrow
mesenchymal stem cells, BM-MSCs ) fiT4= fY 7 ib A J&
AR I A 200 K B0 5 A 1R 2 e e [ 1
5 BM-MSCs FEHIAHIR, rladad [ B A% S v 1
Thee, RT3 ok 3 e % o3 1 FI KL 28 32 4K R S5
UL S Y R A e = e A R S N
REJE IR YT 9 B AR R A SSe A5 HLAh [ B F e e
WIHBT 24 ANBR T miR-151-5p & — A
R PRR S, 78 SSc /N RS AL b kg AR fA
BM-MSCs BEHLH SMB AT & 47 (19 miR-151-5p 4 H

F3Z & BM-MSCs H, M1 #0 il TL4Re 9 3% 35 1
mTOR 3 [ 14 I8 LAKS 58 B R 4316 31 320 g 2
6 miR-151-5p (4 B 45 25 0T DL SSe /B
F1A) B TR 70 5 240 453 40 0 1 ks A 488 i G 5 4
W D e g A, IX FR B miR-151-5p Al BBJZI2TR
SSe AUHES MR 5 15 BM-MSCs 2 V5 &9 4 s A
A i 2 SR KA 10 SSe /N U kAT 4k AL A
RAE . BM-MSCs > 5 19 S A 44 Inb 20 /0 1 96 22 Bz
PR H B D ) 5 D o-SMA T UL 2T 4 40 L F CD68*
E WM . EATTERER T AT 4E 20 1 A
JFAT TGF-B 3244 1 iy FRiK, LAh, miRNA 43 #T i
7, BM-MSCs KI5 SMMAH A JLFT miRNAs BHA
PULF ALV RE . 76 AT 2 41 H ad 3k miR-196b-
Sp WEME 1R R A o2 BFREDY, hkal
1, AN miR-196b-5p #IHI T %9 i J5L 26 14 10 3 3k
A HESE BM-MSCs 3 U5 () 7 s (A1 i) SSe /)N FRASE 7
SERRE AL B HLI Z — . PR, i MSCs SR Y
HMNILATT BE IR YT R G0 P R A A — RV TE 19 3R
VIR,

H AT FEAR FRF A b4 SSe A8 /N B
TEIGITVER] , WA Rt SSe HE HEATITST , IR R
ANIMATE SSe HAYIGIRIL . M SSe £ I 143
BN | T AN 18 FhPTLT AR A 9 Fh{R LT 4k
b miRNA A9 5, 5 155 I3 2 WA L, SSe i
THAMBA TS 10 DL 4E4L miRNAs 1870, 6 I
£F 4 miRNAs 3400, A, 78 1eSSe Fl deSSe &
R & AN I AR ) 8 S miRNAs /K- i A
[0 3% FE ik 46 miRNAs A] B2 X 43 SSc iV %Y (1)
AWM ER AR EY . MR BRI kg SSe B
I35 53 B8 1 S IR AE AR A1 5 | S 1E # N BZ Bk B &F
0 i P 2T A 3 R RN T AR D B AT 4 R
FEA R W, B SSe FRE I I AR IR A 1Y
miRNA 7R 1 B 8 W £F 4 AL R AE IR AR AMA T 1
HONET AN A LT A R TS IR i T SR IR A
HNIBMARIR T & SSc 2 Wi MG A= Prbs s P T ek
JEAN AT BEZIRYT SSe M —Fhugr iz, B 4ER k42
YAk SSe FRAVY” e 2] By A4 K 32 5 0w 1) DX I, AT
REL 1 33 ol 585 R A9 O £ AL I TE T

ZE L TIR X 4 S B B A R i L [R] 3 i
20 ISR IR A ANIMATE SSe BIiZWHAYT T R B
KW 1, I HAEVE 2 A B e PEB s th & 4512 Wi
RITVER . SR FH AN IR AR iR 7 250 A R BR
PE SN A 32 ORI 43 25 1 AR OR 58 38 |, 2 SR UK
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1R S38h AU VRAE o 245 ik A 11 2 e
%, 3 T RESE: PO SN IR A 8 — 38 7 R IR T E TR
AACHHNE, T B AR R 5 1 28 [ A R
SRIRAE SR FH A M I A s THT s DR 4 9k 5 PRI HE
LIS P 90 1 0 000 A AR ) B 2 U HE R R
891, IR O — AU 25577

5 45iE

SSc s — I 2 YR PE B B S e PR B, L I
IR RBESEH AL N RS HETH Tz
AW SGRTT , 2 S EOE T E R R, Ah
PRI R A 73 Wb ) AT Z R DI RE Y/ N, b
WKL SSe (AR LT S R D], IFAE I A AL B
PESE R EFHEAL 3 ANT7 AR

TEMLTE AR IRHY SN SSe MR8 FIRT 5T
R IR JER 15 9 1M1 o P 98 R ) 24 A 3 A LY A1
PRACH AR SSe [ R F W, b n] R,
FE SSe H BT UL AR LA S, e M A e , Tl e
ES RN N R A R NG ]
T MR D kTR A TR S AR - Bk ik
1t B M1 B VB R, LT A/ A AR el 5 | Y i A
SN T B IR A K- BRI AT RE P R 4 3 T SSe
Wt HIEIR A o SR, BIFSE LU 1 B ik 35t 9 J
F4 L 75 1 B2 R SN IR K AT e B 35 A A G
Yo BEAh 7 SSe MIIEH Bk Ff A K 20 i S0 il 1A 3
IR IO e 22 5, IR G Bk — 2B O AT 7 o Uk
WA e, A P A S BTR R = A e H
SRR I K LT ke 5 B 2R . A IR AR fE
A F B SO R ) E A fih A sl 4k 55 EE A
BRI S AN WA RE AR E ) B S 5 PR B v i
VERIR S5 . TS e BLAMIB 1A Ph B9 11 B 470 D el
A B UABTR , IF BELE 1 B S PR f8 & v fik
K E B B SO, R R OE T AN A ATV SSe
A SRR B Z R B W — PR

SN IBAA BT SSe BIIZWT RARYT  IARK A1l
PRE IS A B B PR B 14 T8 1 A W b 7 W AL
Jrl, REIEE R, SN RAE A B e e P B 1Y
A BRI B BE Pk BT AR, HATAAN]
XX BEHE I TR IR A 1A o0 KB DI E LA S R
VRN A WIRR RN 367 A 8 B G P (1
MARSE A T iR AN UL B L Al RN T SEATS Ak
THRIIG B, 5 HAZAA L, X SSe ALl H o
WMARIBE SEAR RSB A, XoF T4 Wb A T T 1l R AT 5

WS, &5, RE RSP 9L 56 1 B hl B e A
SRS T AN 2 Ak (B A SR T B R R SE g6 ok
PR T 0 PR A 22 4 5 vk, MM AT Lk U8
F e i S R 6] ) 1) 78 o T A i, 7 ik — 2
SERGHEFTAS [R] (1] 72 5 T 240 i >F A A1 6 1 11 L
Rtk Xt SSe HVEHIALEHI LA K H T SSe 12 H B
FEPESIR B R 8 SRk, e, BTSN AR )
SREBSUIAT I FE B RE 77 40 3 A XoF 2050 {1 45 ) R, ] 412
T AN (R S0 o IR ER A s A A, 2 T B Y
[, R, HER T i — 2 PR R SN I A P2
FTRE S ANBARTE SSe K99 L BA2T6 T 1 T TEAE
FH 74T 22 4 s 8 F IR
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TSPANT7 FEJEIE P4 R G H HIV .
I UM bR s ) AE

B L FREKEET

(I BEE R B B 27 SC g Sh I ST B, AL s DR B 27 B FE A B 2 v | [ 5 A S e 2 B 2
NZEPHR IR PR~ T 9C 00 %, bt 100021)

[#E] TSPANT 2Rl AT X Yotk 11 tspan7 R FT 40 1) 0 U 5 RSO 48 1, 76 i 2 R0 B Ak o s
Bk, HATHESE % I TSPANT fE % 16 40 Ji 72 i TSPAN & 4 ##88 ( Tspan-enriched microdomains, TEM ) B
TSPAN [, 2 5 A4 41 N AME B A% 3 5 4 3t AN 28 AN AE 2 DA S AN 25 A5 A st A TRI I TSPANT
TE LR A b R 4 % G T B A, ZE R 0 | TSPANT 1 S — 0 XL TT 1) 3 48 7 il 38 240 B v 194 38 35 Bl 2 % 4
AR T e IRE PR BE T 5 FE S BE A AR rh  TSPANT R LA S LS 2R i AR e 1 IE I I 7, 5 5 DCs JTEAR R A
FEMZANAE T TSPANT 255 28 fil (% 338 R 22 O TR 28 A A 5 AE B8 S A rpy  TSPANT Sl ot Y5 B 4 A A | AR g
Ca™ JHIE P45 ( Ca™ ) HE A PR B AR , 5E0Ma B 5 2843 . TSPANT FEAN 121 2L 20 it v & %4 17 A, 7 /2 3
FRHRAEAT T & AR , S 5 M8 AG IR | 1 BURERIG S 2R PR I B R R . AR SCE TELER TSPANT TE£FH
P P AR AL, LAST R sh SRR SR 12 8 2459 T BUR Y7 SR Ap S

[E4E)  TSPANTJSE; | BV ; HIV-1 25 11 X B0 J1 Bars ; JIUMURE 1% 25 s i
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Role of TSPAN7 in cancer, neurological diseases, HIV and type I diabetes

PANG Shuo, LUO Zhuohui, ZHANG Lianfeng
(Key Laboratory of Human Disease Comparative Medicine, National Health Commission of China (NHC) , Institute of
Laboratory Animal Science, Peking Union Medicine College, Chinese Academy of Medical Sciences, Beijing 100021, China)

[ Abstract] TSPAN7, a quadruple transmembrane glycoprotein encoded by the tspan7 gene located on the X
chromosome, is highly expressed in brain tissue and pancreas. TSPAN7 has been found to form Tspan-enriched
microdomains or TSPAN networks in cell membranes, which are involved in the regulation of biological processes such as
intra- and extracellular information and material exchange, cytoskeletal dynamics, cell motility and cell morphology. In
tumor cells, TSPAN7 acts as a double-edged sword with the ability to either promote or suppress tumors through its altered
expression in tumor cells. In immune cells, TSPAN7 can act as a positive regulator of actin nucleation and stabilization,
and is involved in the morphogenesis of dendritic cells. In neuronal cells, TSPAN7 is involved in synaptic transmission and

neuronal morphogenesis In pancreatic islet cells, TSPAN7 controls the entry of calcium ( Ca® ) into pancreatic B-cells by
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regulating voltage-dependent Ca® channels, thus affecting insulin secretion. TSPAN7 is also involved in the development of

many diseases such as tumors, psychiatric disorders, and type 1 diabetes. This article reviews the mechanisms of TSPAN7

in various diseases, with a view to providing new ideas for animal model development, disease diagnosis, and drug

intervention.

[ Keywords] TSPAN7; cancer; type I diabetes; HIV-1 protein; X-linked mental retardation; autism spectrum disorder

VUK 125 5 (tetraspanin, TSPAN ) f&— 4~ 155 i
W . BAifEmELsh Y b & A 33 Al
TSPAN , PRI 5 Y 37 Fift, 55 i B AT 4k e
YE5E T 20 i, FEFEAL PR EEAR S, TSPAN Hy 4
A B I 25 A 2 A, 0 ) S — /N (a small
extracellular domain, SEL) Fl— 4~ K B9 40 i 4h 3 (a
large extracellular loop, LEL) LA A 2 ffd PN i) N-F11 C-
A, TSPAN 75 40 i R i TSPAN & 45 i
( Tspan-enriched microdomains, TEM ) ¥ TSPAN ¥,
MAREZINEN 2 52 A EYak #8 it#  dii
KB B2 R M55 5 5 SN A IR AT R 5

TSPANT7 J& TSPAN FJG B — Al b, G i 1Y) 2
F ( X FR TM4SF2/TALLA-1/CD231) J&—Fh 249 4~
GHETRLH IR A0 M 2 T 11, 7 ik 2 SR
i EER Ik GibS TSPANT B3 tspan7 ( XXFR
Tm4s2) TEN /N BRI AR AE X Qe fifAk I

TSPANT 152 Bl 4L b % 25 G HE 2 A9 1
TERPRE AN, TSPANT AE S —JEXUT] 81, it i 7 i
e A0 A v 1) 3K IR D AR AR O AT o R ) RE D
TE S S A, TSPANT W] LUFE g WL 2 11 U Al
ROERERERF, 25 DCs W& K4, N 7E
HIV-1 gy sd B pfb A7 S e A5 7 5 76 B 22 40
H1 TSPANT 5 C B3R AH B AE HZE 5 1 ( protein
interacting with C kinase 1,PICK1) B 4E/EFH BT -
FH-3- K -5 - -4 - RPN TR (alpha-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid, AMPA )
ZIRIEH, 2 5 R G s R g TR S &
TEMR S 40 b, TSPANT Sl 2L 9755 B 40 M A% i He AR
FE Ca® T8 T HE TGS (Ca™ ) HEAJBNR B 40,
SR AW TSPANT FEAN R 40 i rh &
VEARRAVER, fEAE B R AR E P R AW, 2 5
s RO | T B PR 55 22 BB 19 K A &
J& I, AR B EIL L TSPANT FEAH SCH A2
FEPEH]

1 TSPAN7 £ GE R X 7] &£ A

TSPAN ZRIZ M H 2 S AE e, RS
T VR TR 20 ) 46 B R B R o o R DR R

R R R ] Bsf 30 T 3 A o3 25 24 JERY B | 3 % i 41 21
(1R Z8RE 1 2 SiE & e . Hodp TSPANT YEJ e
(1) M R rp U — BT 61, A — 2K i gge v 32 8 T
15, 15— b e vh IR BEAIR, & 44 42 2 sl A0 fi) o
JRA (A BE
1.1 TSPAN7 Rix TiE# BhiE

T8 98 (liver cancer) | JB2 B9 ( bladder cancer,
BCa) . i% U 40 JI0 "B 40 il 95 ( clear cell renal cell
carcinoma, ccRCC) "7, TSPAN7 By A T E Y
s AP IIE TSPANT BEGEHHI IR i & Je

R R 6 R RN 6 e A Ak e
TEFR [ & 5k 1 X TSPANT 76 B TH Al
Wik 3 ASIE AL TE g b 3k A T AT I 2 B0 R
FIFHL L EHFHE A R HCC-LM3 F1 HepG2 &
YHffLrh TSPAN7 #9335 B 8 F 98, 3 H TSPAN7 fg
g I AN HCC-LM3 40 () 3% 58 (= 22 F e % | )
I B4 44 P W 3IE 52 TSPANT 784K Py B AT 3098 1E
FH, BRIk TSPANT 7 5 40 i o EAT 816
I H AT RE S 9 A T e A b s

5 FOE T A2 U DR 2R B o DL ) SR AR, L 2
R TFSE & B TSPANT 7 Ji% e i 8 5 14 19 bk
ZH LRI B IO 98 40 M 2R 5637 . T24 Fl EJ 4l 235 T
I8, 9 H TSPANT 5 35 5 e i i T 43 11 A
JIIEE 43 9% 5 17 R 56, TSPANT 1o 253k B35 10 A= A7 30
TR R B BE S K 05 e 78 40 i 3R 5 3R ik
TSPAN7, % # TSPAN7 W fg J2& i 1 4 5 PTEN/
PI3K/AKT 38 [ 4 221~ OB B -0 i) fi PO i 400 il 1
B ANRE R RZE AT, L, K TSPANT
(3 1A I A8 1) — B B3R T SR AR
B 4 BB 40 B R, TSPANT 3 (A 3% 0k
TSPANT FHE 45 45 i /b | A i 32 i R B el /> |
$E7R TSPANT W] BEJ2& — i b A= R A il 70) , 52 el i
R AR
1.2 TSPAN7 FRi%x_EiE K AR

T8 AE /)N 41 9 il 9% ( non-small cell lung cancer,
NSCLC) .2 &5 #69% ( multiple myeloma, MM) H7,
TSPAN7 1) 335 2 T+ & 1 #a 3%, JOf A i 58 ik
TSPANT et e 2F e 1 A Jig
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SCHRFRAE TSPANT 7 fiids 4 e rp b, e 32
K55 i i FRE R R TS 25 VI 56, 2 B TSPAN7
FefilE R SO IE R NSCLC 2 filiis ) 32 826
R NSCLC s 2 i 4= 28 2 41 LA e 5 7% 2 i S 2k
BFET - BB FE RN TSPANT e IE /N 41 e
Jitigig £ 2 2H 21 2L & NSCLC 4i s &2 H1299 . H460 .
H292 Fl A549 4 fifg v 52 15 R 3k #a 35 TSPANT 3Rk
BRI R AR AR R R 2P
£ %t NSCLC #ii g it %35 TSPANT, & B NSCLC 41
fit 3851 B 5 380 ) E-cadherin 2% 35 V870, Vimentin #11
N-cadherin FEIRHG I, £ #F 40 i _E 57 (8] o Ak ad 72
NSCLC 5 R B AR AR A /N B S 6y ifE — 25 HIE S TSPANT
I F IR HE NSCLC g A= 4K, I 5 18] it 2% B 4t
M,

MM 2 LISk R 1B 0 2 T 2 200 it 1) o g 1
BN AE A 5 R DR AR R SE & BRAE
MM & B8 TSPANT By Feikmgmte | (A1
MM (/N BB R TSPANT 35 22 35 REAE R il Ak ygd 11
SR 33K 59 200 At X R 5 400 L R 1 R R A
5 N B2 RE e S BB I %

TSPANT7 LEAS[A] B Jfd H 1) 2 3k #a #4545 AN M TR]
FEN ] s o $E A a4 ol iRE R AE (1),
AL VE A 8 BT A kR ic 9, THRE 32 B A
RIT

2 TSPAN7 #& HIV-1 BB h i emiAT

PR TR A HfL 2 S K g R G Y — 43, A8 Bkt
PR JEL A B — 2 B AR SR ) R
B R SR S 2 45 T Ik B A0 i, 08 1 S 3 e K A
RGeS AR HIV-1 R EE e i, AT T &
FA B AR AL R LS5 ) DCs 5 HIV-1 454, #EA
NI AL 45 T R EL UM, (B X A~ ad FE
HIV-1 53 AT e £ i 47 363, 16 B, CD4" T ik 2 240 il
ok e 10200 SRyt — 2RI AR AL, A A 5T X
NP A TR ) DCs455 A 56 T 20 Jif % 1B 4
1 M OCHE A1 T shRNA B 6 , 25 0 & B 100 224~ 2
PRl ARG I 5 B R HIV-1 g0 g% e Ho
TSPAN7 AJ LIME R LS 2R 11 B AR E 1Y 1E I8 455 (]
T, NI FE LR 58 1 (R s 00hr  BR i) HIV-1 N

&1 TSPANT fE i A Rt A b i 4
Table 1 The role of TSPAN7 in the progression of tumors

AL N e

Jir e i . . &SI P RFSE Ve BIAL, 222 30k
Fxpression trends in X . .
Tumour . In vitro In vivo Author, time, references
tumor tissues
TSPANT 7E e S R R AL AR T o g 37 fie
JRAE L, TSPANT T 90 0] 2 3 b 988 #9)
i TR A0 R G 5H (R 2R ERN

Liver cancer . 5
metastasis of liver cancer cells

TSPAN7 ] BCa 411 i3 58 AT % , 5
5 BCa 410 4 T 0290 i J1 30 BEL v

i - TSPAN7  inhibits  proliferation
Bladder cancer

migration of BCa cells and induces

- Inhibits the proliferation, invasion and

TSPAN7  overexpression inhibits the Qi Y et al, 2020 (0]
transplanted tumor growth in nude mice.
TSPAN7 downregulation promotes the

tumor growth

TSPANT 13 ek 40 il B e Jed 4 B e

and Yu X et al, 2020 [V

Overexpression of TSPAN7 inhibits the

transplanted tumor growth in nude mice

apoptosis and cell cycle arrest in BCa cells

TSPANT ot 3 IR NAR /200 i it e 240 g

/290 i f HE
Non-small cell + TSPAN7  overexpression increases the

lung cancer proliferation  of non-small cell

cancer cells

TSPANT 2t 3K AN M) 556730 240 M Py 44

T, TS A 7
Z R MR

Multiple myeloma

in vitro

lung

TSPAN7 overexpression does not affect the
but

increases their adhesion and migration

proliferation  of myeloma cells,

TSPANT B idh 2 fie 1HE A2 AT R Bl A fe

R Wang X et al,
Overexpression of TSPAN7 inhibits the 2018 [
transplanted tumor growth in nude mice

TSPAN7 i 3 3k #0 # 5STGM1/KaLwRij
Gtk MM /) BV Fo 783 7
Overexpression of TSPAN7 reduces tumor
burden in the 5TGM1/KaLwRij murine
model of systemic MM.

Cheong CM et al,
2015 16




R E P BE 2R 26 2022 4F 9 H A5 32 4855 9 1 Chin J Comp Med, September 2022, Vol. 32,No. 9 125

FEFILL B HIV-1 A 805 T bk A0 i ad 72 i
BEMY

[, 76 HIV-1 & 1 Nef H1 Vpu YL 5 g A
T AR, T fE i LA 1 32 4, BIR ) 20 i
FI TSPANT {95 JF H it — B W58 & BL
TSPAN7 J& Nef I EAE& 1, ¥ TSPANT #8 A HIV-1
I3 2 R A R R DL R AR AR e Y Rk,
TSPAN7 J&WL2h & [ 8% A A i B A2 e M o 1
HILA ) A, L5 L ] 0 AR B SR 15 AN 52 42, i
— 20t 5 %o F ) DA AR 2R 40 M E] T bk L A0 AR Y
HIV-1 56 RS M o 5 2L [ B ) 56 5 H RN 5 i A2 1Y)
A E R PR SE EA EEE L,

3 TSPAN7 EHEZ ARG EFHERAIER

3.1 X ESENERS

X % @ E 1 AT ( X-linked intellectual
disability/mental retardation, XLMR ) J&—28 A% 11 &
15 A S R PRAEAE 1 35t A% 1 0 , 76 58 M b i s
RN 17600 BFFE LB, He I 2R X 3% RS p
KBIREE TSPANT St TM4 A1 COOH 7 i A9 4f
J I B 2 DI AF DG, G v o D PR 2 G 8 A 5 £
AU S| o T S =¥ & SR /a8 R (R U
P Z IS  TSPANT ) mRNA 35 i, IE B HATE
Pzl R R AR it — A BT AL,
5T 3 e X R B AR A 22 Je R A7 3k 38 3k RIS
TSPAN7 ELHARZE Y A8 1k, & B TSPANT i ik
BT 22 4R PR 2 R € R 0 JE B, T TSPANT (1)
AIRBE AR AL RS P Sk AR/ 0 24 1 58 i 2
7, BREIZ A TR s e HAEFAMLE E
JEf T TSPAN7 i it H: C ¥ 5 PICK1 2 ) PDZ
SRR EAE T, S A M PICKT 5 GluR2/3 19
454,25 AMPA KR is 520 AMPA 32
PRIz i DL S 4 2 R 28 fk D g, () s A 0 9 3
TSPANT7 A L34 PKCo, fiA5HI N 19 PKCa 5407 22
ARG |, 5 PICK] A4S, B2 b GluR2/3, 33
TEAEMINR | GluR2/3 WY& R AT, 51 AMPA 3%
PREGNAE ) ispanT 56 A /0 B I) AR 26 20 4
Vg T 2oy M 5 fih 235 # AN T BB 119 50728 LA B o\ B A
L, TSPAN7 25 X ¥ 805 # & 5 38 2% 19 9500
iR
3.2 BHEERER

H M E 3% & B A5 (autism spectrum  disorders,

ASD) FIUHE # 43 Z45E ( schizophrenia, SCZ) & P Fj &
LRI e B LA T, SR PR BE F58 4% R 2 AL RV
AR XX AR , 5 M b A R
X AT AE A XM e B A T K T
A R AT RS EE N ASD SREAY 111 4~ X
A R AL N, BE Y R B A I E IS R RS
TSPANT 5 D1 5078 S % VI A 2, [ BT aspan?
FER AR 1) B B IR S 2 W  ASDPY L A AN
W5 KB tspanT P FER /N B ASD AHOC R,
¥ tspan FE R BRI BRUAE B AR 58 0800, 2B AT R
B Pk = AR A, H MR A% p 22 o S B
LA S 0 o 228 0 i 4SS 5 L O B
BRELR TR R aEaE oA HAE AL R
T tspan7 "% 51 & T U PKC o BE 3 Ak, JTE
ERK/MAPK {55538 B% , WA b B 55 F R 1 1 38
Y S616 B A, T B0 HL U 1) 558 1) MR Ak HL A
A%, 77k ASD MR, Ik, TSPANT 25 A Hl4E
T R WA A T AR R R U 1 A R R A B
FEZGYIF R TEFERE &, RIS TSPANT IR BES £
ELHE D2 SZ AR EAE T, Jfi it 35 &2 ELE D2 214k
P PE R IR R T 223k, TR 22 EL R BE Al 2 e
S0 TSPANT L J232 Bl M 0 55 UL 5 D1 4K
AR SRR T

4 TSPAN7 7 1 BU¥ERE R AIER

T U R & — i F B 1 RAEIRAS LRI Ny
[y B 4iffi4k CD4*/CD8* T #kEL 40 ML A5, K AN
e R R Y S R I — NI ACRE R R A
FEFH BBk, TSPANT 7615 & 41 g h 2235, TSPANT
AT LA T B 40 Y L AR M Ca® 33 T F
MEHIES (Ca® ) HE AR B 400, 532 M i 5 & 7
W YIRS TSPANT ANRZE I Es &, TH )
e, S E B MMEMIET S W B 41 A )
g™, 35% 1) T BOBE IR & TP AEAEPL TSPANT H
B, TSPANT H BHiiR T /BN T BOME R K
MFEFR ) P — 5T & B TSPANT A4 40 il
COOH ¥fi I NH, i Bk 8 %2 b A B P I 14,
TSPANT7 & T BUBE R b By B SRS & A,
ot HLUNAT R Wi 1B 5 @ 400 A A R S ML LA B 25 4 1Y)
MR TFR ARG

5 45

TSPAN7 VE R4 R T /Y 4 R ESARAEEE H, B
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AT 5T 38 7R, TSPANT 25 4 il N M 1B 5 95
TP EIFS 5 VR Y 240 i 2 R A0 A g5 T A R T
BAETF Yt B, TSPANT SkG g i a
PRI s 7 S Y A5 5 s 4% VAR OG . TSPANT AE B4R
PE T A IE R A 5 A A Y 8 145 T A
RABESE, B C A B9 & 8L TSPANT B /N BT
VESR F PE AT X 80 8 ) et (9 sh AT
TSPANT FEA [R) 240 Ji v 2 ¥ AN TR VR, AT LA 2o 35
B AR 2R PP R espanT 32 ARG AR R 1)
PRI, TSPANT H A & B2 F FRE A1 X 324
BBt r KRS FE K 91 B TSPANT A SHiikE &
VRS T UM BRI A6 46 A , Bl %5 )5 22 TSPANT [T
AWRGE, W LAAE R e | S gse H PRI P 28 R S
I SE ARSI ()12 W7 i R, I3 i ¥ 1) TSPANT R
J7PHASCBIR . TSPANT ] RIAE Sy o 47 45 10 A4 £ |
PRSI 2T BRSBTS
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miRNA-125 XG5 H 5 % PR O R i oF 57 ot
RAEE ML E B

(ALK 2R B i — B B D SR = (NS HIA X AR e H S SR =), N gEl sk 014010,
2403 BE 24 e 2R — B B B KUR e e Bl NEl 13k 014010)

[#ZE] MicroRNAs( miRNAs) &—ZE N IEMAE SIS /N> F RNA, KR 20~ 23 MEFFL, MicroRNA-125
(miR-125) & — A& AR ST B miRNA 0%, i miR-125a . miR-125b-1 F1 miR-125b-2 £H i, 8 3 £2 14 3iF 4 22 B
miR-125 2 514 P9 (14 2 Ao B B AR, JR 5 8 Se s AU AE 9 9 2 R AR I RS ZS A Ak, 5 2 A B e M e
BRI, A BT AT RS AR SRR T miR-125 FE S H B B MR . s AN I AY 56 R R Hoi
Bt oT it

[XE] miR-125b; F S RBErEBN ; Sy il iy

[FESZES] R-33 [ XEktRIREE] A [XEHS] 1671-7856 (2022) 09-0128-09

Research progress on the relationship between miRNA-125 family and
autoimmune diseases

WU Zhihui', SUN Xiaolin', WANG Hui*"
(1. Central Laboratory of Baotou Medical College, Key Laboratory of Autoimmunology, Baotou 014010, China.
2. Department of Rheumatology, First Affiliated Hospital of Baotou Medical College, Baotou 014010)

[ Abstract] MicroRNAs ( miRNAs) are a class of endogenous non coding small RNA, with a length of 20 ~ 23
nucleotides. MicroRNA-125 (miR-125)is a highly conserved miRNA family, which is composed of miR-125a, miR-125b-1
and miR-125b-2. More and more evidences show that miR-125 participates in a variety of pathophysiological processes in
vivo, regulates the homeostasis and differentiation of a variety of cells, including immune cells, and is closely related to a
variety of autoimmune diseases, which is expected to become a new therapeutic target. This paper reviews the relationship
between miR-125 family and autoimmune diseases and immune cells.

[ Keywords] miR-125b; autoimmune diseases; immunoregulation

H B G P VE PR (autoimmune disease, AID) & GEMELLRRIE  THRLEA RS L ITAEE AID fUR
MU REDIREZE AL e e dH G Ak, B B PTiR RIS RE FFHEE Ok fa s ANl HEE R R Z
BRI KRBT RSB EMAL R EDEZHI A —P ) AR AR SRR 255 SRR IE bt
FRIER— R 280, FEAFEREMBHEXL TR R WIR2Y S 25 R Y o E, AR AID B2 W &R

(BB EE AR5 4 T BIIH (81860294, 81860295 ) ; N5 H A X H AA Rl 2= 5 4 BB 1L H (2019MS08055, 2021MS08045 ) ;
ST B IG X R THRIE H (201802089,2019GG052)
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TSRS T 25 ke (A4)5 25 30 15 1 8 e AR
MRS H BT SRR N B
TG A BRAR AR E, B N NI SR 2E 3 R N
RNA ( microRNA, miRNA ) & 5 ZFf AID %5 # i
FE oA miRNA-125 76 AID A (9 4 4% 52 6
. Xiu 25 & P miRNA-125b-5p Xif FAR AR 2 RE Vsl
IRATEEIEH A7 158 & B miRNA-125 805 (42
& miRNA-125a . miRNA-125b1 . miRNA-125b2) 15 3
FEIRM T8 Ao 002 2 0 e 1 B i 2 200 L O TR /) B
T I 28 40 6 B P8 P VR Y, Vasu 280 BF 5 IE 52
T AU PR B 25 175 miRNA-125 K E 5 A
BHAOKERIEMSE, UL EBFFE R, miRNA-125
FIEAE AID i B — & 1y I8 ¥ AE A, A SCxF
miRNA-125 5 AID X R BT R VE— 2508,
BAEAN AID A5 FNEYT SR L%

1 miRNA BIRIZ5IhEE

miRNA J&—J RS iS /N3 RNA, fE 2 F
At TR o R s R IR A R A EE A e A 1
B4y A R T AF AR B S AR miRNA Gl g
RNA AW 11 5% 300 il — 2 W B A kI 4511
XEE miRNA ( pri-miRNA) 20 i 4% PN A9 pri-miRNA
1E RNA 45485 11 Dger 8 Al RNase 111 DROSHA F:[i]
YEH T UIE R — 2 60 nt AYRTIA miRNA ( pre-
miRNA) , pre-miRNA 5w EA Exportin-5 e
J e [m) W AR e i 22 A0 A o, R 40 A BT 8 RNase 11
Dicer Y| A — 45K 2 22 nt AT miRNALC! o
ZAUEE RNA #5852 i RNA 5 UL A & 1K
(RISC), RISC & it 5] 5 %% miRNA [ Argonaute
(AGO) M5 miRNA iy 37 JERHPEIX (UTR) &5
A B EUE i mRNA B, DL B R
miRNA EW & N2 BR AR BRLELRIRI 047
TE—SE 2 MR A2 WK 73 miRNA AR I T RNA
PE U K 28 miRNA X PR 25 5k F A 4
A, #B4r miRNA {2 ik 3% R 32 35002 e 4,
miRNA 5 HH mRNA Z [AJfAE——XF R R, —
Fh miRNA 7] BEJH 45 £ mRNA #05  — mRNA
PO S AT LA 22 F miRNA 42

2  miRNA-125 #fiA

1993 4F7E 4k U & AR — 4> miRNA (lin-4 F1
let-7) 1272 A NKFEHH P E LKL 2000 4
miRNA , 7653 25 miRNA B9 7E/E gk Z2m% (HE A

WFFEIESE miRNA [ 58 FRIATE H B S fie MR 5% 1Y
FARAIL o B B Em B AR, Ho R AR ST
) microRNA-125( miR-125) FGEZ 3 2 K,
2.1 miRNA-125 &Y @K E i

TENZKIEE A F, miR-125 K% 43 M hsa-miR-
125a \hsa-miR-125b W 5K % , HiH hsa-miR-125b %
% X435 miR-125b-1 Al miR-125b-2'%) ) %5 5% miR-
125a FIFEHA T 523 Hsa-miR-99b il Hsa-let-7e 1
19 SYeta ik o miR-125b 4 F 11 5S4k Fig
Hsa-miR-100  Hsa-let-7a-2 1 21 5 {4 {& | ) Hsa-
miR-99a , Hsa-let-7c 43 3] % 5% , I3fJE i miR-125b-1
Al miR-125b-2%" | AR HE pre-miRNA 57 Y] {37 15 A [
(37 %0 57 %) , B4 miR-125 SN G R n] ik — 2
Ll pre-miRNA-3p v pre-miRNA-5p , Hoi miR-125-
Sp Rk H Y,
2.2 miRNA-125 KRB RIEFE

miR-125 5 I A= ) 22 A FH 32 31 2 &=
T, FEGL ORGSR 9 5
PEATIRAE , BN, 0 (25 11) (p215q23) F1 t(11;14)
(q24;5q32) YRk ) i F BB BR84S0 25 B R A
PR B4R I % R miR-125b-1 9 3 B 3R
RO ALK b B 3l — ol ok A7 1 1Y)
RNA % 5% 5 1645 757 2, RNA H 256 F i NSun2 X
pre-miR-125b 1/2 miR-125b 1/2 i H 3E4L1EH , 7]
i pre-miR-125b2 [ miR-125 4 T3 72, Uk 55
miR-125 X} RISC M4A %, IF AT 855 miR-125b 7ETT
BRI AR DY o 7E5: SEOKOSF I PPARYy 3l 4
5 miR-125b Ja 8 F LR N o B & e it
miR-125b B FIE, 1E4h, i miR-125a Al miR-
125b BYFRIBFKT W] 410 1] B 895 4 A A9 4= 28 LT
RESY

3 miRNA-125 Xik5REHMAMINX R

3.1 fidhpa

Z2He 3 LT 240 M 531k o 1 A T 20 AR 2 R
T4, R T A A A3 Tk R 20 A 20 B £
FE UG RR PR 20 W B PR 4 e A P R 2 A

miR-125a 76/ R S5 1+ 20 B ( HSCs )
AR, BEAE G 9 /N B HSCs FIAH 20 il i) 1 75 fE
S AR L R R Y KR KA RIE S
/N HSCs A FAE TG PER 3240 . miR-125b
WL CBFR ETS1 c-JUN Hl STAT3 255342 5% i
B3R T A0 Y Z b B AR5 miR-125 7E
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FLAHAL T 4HA | A% A A 2R A0 A AR 2 R 20 it rp
PO SR X 40 4 £ i B A 4 A
F, miR-125a HE 12 2 A B 2007 20 M A 188 50 ik
Fr/NEUAY miR-125a L 255200 G-CSF 5516 %, %
SCEBE S AEER R G0 P b R 20 B A FEBR AR,
— ARG R, A0 i A ) SR B ) PR T SOCS3
J& miR-125a MY ECEEMIIE R Y — 300/ BB 6 40
PR A S0 B 5 A BR, 3k 2% 38 miR-125b 3@ 3§ ]
STAT3 B A+ c-JUN F1 Jund , FHW G-CSF 551y
KA AL, FERRAS AT, R g i b o 35k
miR-125b T 4100 i A0 40 e #a A | h7E RAEIR ST,
113K miR-125b 23 38U BAE I 2 B E L, B
2,125 miR-125b A8 LS AE R 4 7 X 6 4
K ge
3.2 EEZHA

AR LAk SRy R R AS TR Ak 2R A 1) I 4
i, 2T Ak AR Toll FEZ 4R (TLR) FofA (n
LPS IFN-vy) %l 3 Wi 40 i 5 5 7= A= A R RPEW
M1 78 20 i, B AR TG f iR 48 St Th2 A 40 i [
T (A0 TL-4) T35 1 e 20 5 S 7 2k B B R PR
M2 1 20

miRNA £ LI 20 A Ak R E Sy v & ¥
FEAPVEN . miR-125a 75 M1 E W40 it v 5 5
Notch {55518 #% 5 1 F 3K RBP-J 7 2545 A i 6 15
K BT miR-125a-5p 1£ M2 F W40 i ] fig
P T TNFAIP 3 Zafish 9 £ 98 15 [ 7 A20 (3R IK,
WS T NF-wB {5 530 i i Fe 3k LA I 5a a3 40
I B7-H4 P8 95 F W40 i A9 2R A . miR-125b
AT HI R T8 A BIK AT MTP 18 [R5 5 i £k
BRI TIRE , (eI T, IR M1 40 i
XoF JAE B 3E ) HE B A A R R R T
HAb G EH 2, IF T 2 M1 B WE4H M AT T 40 B 3%
b, o % bR R TE & B R RE N,
miR-125b A #I ] TNF-« mRNA ) 8% 376 A
PG ZT A NF-wB 38 6 ol s Y 2R/
EREARAE Y, miR-125b & FRIXIG /N T IFN-y B3R
PG FR Tk, I M1 Y A0 i 3 AR Y 7
PR R F—IFN 8735 7 4 (IRF 4) A9, i
SR 3 0 240 A9 Ak ), O3 ok 00 1) 9 5 STAT3
AR 5 7Y . miR-125b i J2: i 4
AT CD8*T 4H it P4 /=5 2% 35 19 5 M B b IR 7 L 4 4
(CCl) MR, 25 T SAERAH I g )
RER AR

3.3 T 4Am

THRTFERT — 2N BEMER TR,
HSC/MPP 41l 434k [R] bk B4 Fip 442 ( CLP) 41, 78
J i itk — 20 oAk A S M (CD4™ .CD8 ™) XL FH Ak
(CD4" . CD8") FNEABHYE (CD4* M A B PE T 40 Jig .
CD8* J A T A1) B RRAnf . &2 & B N4
FREERN, T 4™, T 40 M8 T 40 i )5 2 K
(TCR)RBIFLE, RZ B TCR H1 o B FEEL v .5 B4
B, A3 5E N T 4R HT vOT 4i >

miR-125 FWRAES T T 4 2780 op H AT R 6 Y
FEIKRE 7E T 4l miR-125b-5p B R AEHET
oBT 4H, miR-125b-5p & &3k rT 6l vST 40 My 1%
b, AL BE T B miR-125b-5p AT {2 #F yST 41
JH B A S 4 %) miR-125b-5p 8 AT LLIE 5 1
WA B OCHERG S-IEEA B (5-L0) B 5 R R
SIE S, Rossi 457 iF5E & BE, miR-125b 1 i 4
P oAb B v ) 2 G B R S CDAT T 4H g
oAb, AERE CDATT 40 WD BRIk 3 . 43 63K miR-
125b A 38 2o 88 1) b S R AR I F - R R 3
(A20) S hnarE T bk 40 B 1 s CD4 ™ 400 it 19 %k
S, BT 20 A A 4 B AR O RE A Y miR-
125a 76 T 40 h & 2258, i 1L-6-STAT3 15538 i
55 Treg MITHEE'™ | i RNA-125a i 2 # 6] ETS-1
IV 5 i P P s £ 1) g 8 S A R e A1, 3 2o 97 o)
BN T M (Stat3 IFN-y Fl 1L-13) K4 5E Treg
A G T RE S TGN A 30 ] 1ITP B
FIBFFE M, miR-125a-5p A AFEAR ITP & 13
CD4"T il CXCL 1 fy7KFE | it 55 miR-125a-5p
AR Foxp 3 3L, 16 RORyt BYKIL, 2 515
S ITP 1 Treg/Th17 MY G KA ™ 78 e 3 E /)
St 2R3k miR-125 AT LUK T 40 A NK 20 i 3 1
FARPERRE Rk, TEH 6 R AE A+ (TNF-a | IL-
18.IL-6) AR HL AN T 4 p9 98 7', 1M miR-125a
YER Lne-ITSN1-2 A4, AT LI IBD S8 34 1 e
H1 Th1/Th17 4065346 38 1§ 15 ETST #0461
IBD 835 WA RGBS S, A2 #F T IBD CD4' T 4
JaTa) Th iAo
3.4 B4

B 4ifa 2 i & & Mo AL A~ B B, 76 B B A
CLP 41 % B I A B i, s ATEHR R G S,
TESNEIWREL B b, B 40 M 7E B0 5 Y T 44k
PERE TR I ] S8 S hU R 45 & A B
] /ORI
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EH B 40N & B 75 miR-125 M PTER Y,
miR-125a T8 1857 NF-«B 38 B, 0 2 PE86 2 1 i
J95 (AML) HL 60 2 Jitd 3% 5 F1 4= 22 6 7, BH 187 20 il
G2/M I JE 7 miR-125b 7E 5 6 40 g o 363k
W1k {H7E B bk U 20 i o3 Ak ok 7 rh SRR TR, 2o 3R
ik miR-125b FECEHESE N AR A B 40 i B 0T
FOLPRT- R FE— 2R R B, BB RCR B B
21 it 3 A ) SRR 4% IR 7 STPR1 & miR-125b (19 EL
A AR 5, 5 ) %35 SIPR1 BR A CRISPR/
Cas9 I FHYHE N TR (7£ SIPR1 37 UTR H1 4
# miR-125b WZ5E 01 ) , v LIRS B 20 i i i 7
WOL e 2 R Mk R R B G M B
PR L A A5 AR 1 1 ( BLIMP-1) H1 IEN 75 25
F-4(IRF-4) 2 5 3Rk, IF H & 40 M 731k oy b i
H%% S 7, miR-125a , miR-125b 7E#k B 38 W 2k &
HUl (GC) B B Ik T 4t pE 46 3R 3K, miR-125b 1Y
F3EKF I miR-125a 5 1000 %, 317 5 BLIMP-1 .,
IRF-4 #54, miR-125b K v I s Z 0 (LPS)
PS5 B K 40 b BLIMP-1 A9 22351 IgM 443
WhL AT B4 M 1) A A A Ak X B4 TS
TCIA R Y DL g R R I, miR-125b it €
VR R s Il S NSkt N a= 1 o
3.5 HERREHM

miRNA % 5% 14 37 5 H3K4me3 Fl H3K27 me3
A AT A SR A0 (DC) H miRNA (19335 7K
SELS miR-125b Fl miR-99a 7€ DC FRi e 6351 |
M H TGF-B ALFRERAZ AR A DC B, miR-125b-1
HE SR HA 5 2 & 4E H3K27me3, M 1 5 31 miR-
125b-1 ik /', —T0R B WL 5 LA S
F14) e 2 i /N FRUASE 780 v SO 2% 3] A1 5 M 6 U miR-125
Jei , AT R NK A IE P , IF-400 2 JE R - 0 R s A
T Wk EL g T

4 miRNA-125 K5 AID < &

4.1 miRNA-125 KESERBHEXTRH

ZE XRS5 28 (rtheumatoid arthritis, RA) & —
FREPE B B G REE B , LA IEA TP o B 4R B 54T 4K
HHIRIAEA 4 B RAE VA A B o =24 by fE
A, KR R BT 0. 5% ~ 1% Murata
223 102 5] RA HE3E I 102 {514 FE 5 4 L VB0RE
K FZEA FEH 20 2% H miRNA BEAT 00T, 45 R %
B, BRI RA BBE LR R R HBUIR (ACPA) B4,
HAfE H miR-125a-5p 7K V-5 5 T 5 X it 21 7

£, #2785 miR-125a-5p 1] BE/& RA M TEIZ Wi 4r
Liu 257 & B miR-125 76 RA A58 A FRU I 4 4L RN
TR AR A T U, 1 PARP 2 ik B, dk—2F
F5E & L, miR-125 W] g 38 14 % 15 PARP 2 41 {fil
PI3K/Akt/mTOR {5 5 i [ i 1% 4 > 0 il RA 1
iR,
4.2 miRNA-125 K55 RS HLIDTIRE
RGPELLBERHE (systemic lupus erythematosus,
SLE) j& —Fh 4 B RAE M [ B SR MBI , HoRr A2
FRA R SR DA S R IR OGS R R A A 48 R
G545 PP Y MIiRNA J2& SLE 56155 iK%
LR R R EZR Y H T G E & KB
SLE % miR-125a Rk FRAK, #F — 25 W58 & B,
miR-125a 383 # e 15 4k T g b i KLF13, X 48 1
AL F RANTES 1) 235 2 7 8 4% 7E H, miR-125a
IS AT BB J& SLE % RANTES 335 T 9 R
Hz—"" sl gk 4 25 8K B miR-125a § A
ARSI FRUIBLAE T diiffe b, &3 miR-125a 3 3 3 7% 3%
N T 20 Treg 20 A9 R4 , i B 08(5% SLE %% 1)
e —5if 50 4 SLE 5% 26 44 il FE X IE
B SBT3 BT BT R, SLE B3
A 37 4> miRNAs P45 5%, Hrb miR-125b BRIk
TV SR PE R & 2 FUAH2E, miR-125b 3 1 1y
ETS1 1 STAT3 /K -2 5 SLE 9% &™) | i £
FFAr i 268, miR-125b W] GES2 SLE AT ZE A PIbric
Wy RN HE N TS B AT 5 S miR-125a-5p 13k
A, B MRL/LPR /) BUMLIE $T dsDNA 7K F JR
B, UG E A2 AL, 42 5 Treg 41
Fef) ™, 2242k B fRGTE L Tk SLE % PBMCs
o miR-125b-5p HY ik, F i miR-125b-5p # K (K]
UVRAG F 3 15 Sf 189 3 [ W75 £, CircRNA 5
miR-125 WA AEHIAE SLE (% A4k & e ke %5 1 5
fEF . Has-circ-0010957 i i J# # CD4'T 40 il op
miR-125b/STAT3 {5 53l i 25 SLE ) &9m'™ | ifii
has-circ-0012919 1E 5 miR-125a-3p W45, % R 5¢
PELIBERHE CD4'T 4 ffirh CD11a A1 CD70 Ay H 2
A —ERAHIER™ . /R AR A
CERAL AN 1 5] (HDL) BE £ 18 miR-125b 3%
ik ff B 40 AID B Blimp-1 B2k T0ER i 5 A %%
I 2 F ¢ DNA 4 (CSR) | 1 41 Jfd & %8 A8
(SHM) FE 4 53 fE K40 fil ANA $t dsDNA \IgG1 |
1gG2a %5 [ B BRI 72 A, T LU S 3 B AR 16 3
BEIFHER TR /NI
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R 1 miR-125 1EREELNN K B B o8 Mg T 1R

Table 1 Role of miR-125 in immune cells and autoimmune diseases

f/h RNA L B ik 275 Sk
MicroRNA Cells/ disease Function References
p e NK AT 2, 400 S84 A 7R
. NK #fififd L .
miR-125 . Improve the activity of natural killer cells, [63]
Natural killer cells p ¥
Co inhibit the release of inflammatory factors
A R .
Macrophage Macrophage polarization
Tres 41 HIHISON T AL T~ ( STAT3 IFN-y 1 TL-13) A 5E Treg 2 M i G284 5 6E 1
. g - Suppresses T cytokines (STAT3, IFN-y and IL-13) to stabilize the [59-60]
miR-125a Regulatory T lymphocyte . . .
immunoregulatory capacity of Treg cells
KA A AR A 07
Granulocyte Promote the proliferation of immature granulocytes
B4 L 20 I A A A IR S _
Macrophage Macrophage activation and inflammatory status [46-47]
miR-125a-5p phag Tophag Ty
s 20 i L A A 1 r46]
Macrophage Macrophage polarization
HpAE WD LRI )
Monocyte Reduced mitochondrial respiration
Bt D41 4l B T AR A7 -
Initial CD4" T cells Preserve the initial state of T cells
A A .
Macrophage Macrophage activation
AR P LR A S S B AN I T2 [48]
miR-125b Monocyte Promote mitochondrial elongation and lead to apoptosis
2 FELIST G-CSF 175 5 A RL AN 731k [39]
Granulocyte Blocking G-CSF-induced granulocyte differentiation
T 41l ST A0 AR L 58]
T lymphocyte Increase glucose uptake and oxygen consumption of T cells
FECEBESE A B AN B A R T
B 41 T , : :
Resulting in the retention of immature B cells in the bone marrow [27]
B lymphocyte . . .
sinuses and increased apoptosis
B 410 O B 0 61
B lymphocyte Inhibit the differentiation of B cells into plasma cells
. RA TR Wi R
miR-125a-5p Rheumatoid arthritis Potential diagnostic indicators [72]
miR-125 RA ] PI3K/ Aky/mTOR {75538 % i 1% 1 (73]
Rheumatoid arthritis Inhibit the activity of PI3K/Akt/mTOR signaling pathway
iR 1254 SLE WL T AN Treg 4 LAY 5 A (77
Systemic lupus erythematosus Reverse the imbalance between effector T cells and Treg cells
SLE W5 ETS1 #1 STAT3 /K (78]
Systemic lupus erythematosus Adjust ETS1 and STAT3 levels
i CSR SHM KA ML ARAD ] ANA |
SLE Pt dsDNA TG 1 1gG2a %5 [ HHUIA M 4 (83]
Systemic lupus erythematosus Inhibit the differentiation of CSR, SHM and plasma cell to inhibit the
miR-125b production of ANA, anti dsDNA, IgG1, IgG2a
B JE$E FGFR2 1 USP 2 K3 T5 HaCaT (345 1431k
PIFP Regulation of FGFR2 and USP2 to regulate the proliferation and [88-89]
Psoriasis - .
differentiation of HaCaT
R 0L S 05 FR 7 HaCaT B3G5 190]
Psoriasis Inhibiting the proliferation of HaCaT in patients with psoriasis
. ) HT AR R S )
miR-125a-5p Hashimoto thyroiditis Potential biomarkers [95]
s e D Th1T SN B2 Treg 401G EL 1 001
Colitis Inhibit Th17 cell differentiation and increase the proportion of Treg cells
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4.3 miRNA-125 RE5RB%

R TP A DAL ) % T R TR, E BLATE N
HHY R G R AITE 0. 14% ~ 6. 60% , 17 7E 1 38 1 o i

S BLAR IR AL AR, AN B BRBE

FAPE RPN EA LD HIEHE A, s
B M miR-125a, miR-125b /K F B & %
IR miR-125h 3 1 #0 i) I 8 A A A i A K A
T2k 2(FGFR2) iz 2 e M KRG 2 (USP2) Sk
AR 5% AN L ( HaCaT ) £ 39 58 143461590 5t
23K miR-125b ATHH] USP2 Ay 23k, 3 5 5 NF-«B
AT A DR F 0k 2 02 B2 Tk A6 E . miR-125b
I BEANTH Notch {7538 #% [ 3% 45 1 BRD 4 FIRCK
Jagged-1 f)FK il 2% BRD4/Notch {5 53 1k
THIARE 75 B HaCaT B3 5E . AKT3 /& miR-
125b 19 55 — A #E 3L A, 5 36 38 miR-125b W] FH WK
AKT 18 %, ] HaCaT 93655 | 7E HaCaT
p63 J2&: miR-125b AY/EHHE A5, p63 i it 45 IKK
Jaggeg-1 H A5 W) 1 1 , 76 NF-kB Fll Notch {5 5 il
e R AEEEAE R EZH 2 %t HaCaT Y3451
FAMEVE R, SEMBT1 F1 EZH2 7845 8 9% J2 ik 41
2P ek B 2 BN T miR-125a-5p A ik K F
5 SFMBT1 [)3RKKF 2 FAHSE , miR-125a-5p 7]
WA KT B/smad R FEAK IL-17A K-, A
VB A s A B R R RE Y . — T & T miR-125a
IRV 55 60 g 7 R B BRI ORI 5 kB,
FEAAR PG B35 7 0 6 8 s S8 3 1K ' miR-125a 7K
SETFE HER I miRNA-125a A9 52 AT LA STk 4R
JE I TR ROR ™
4.4 miRNA-125 XS5 EHT

TERFAHUIR AR R (HT) B35, miR-125a-5p i@
o ET R A MAF 855 Thl 2000, =5 HT 9 &9%,
& HT W AE 09 A AR &), 1 PBMCs ' miR-
125a N3RIKX 5 H B % P R BB (AITD) B &
TG A JRE T HRLE A AE (PSS) i
CD4"T 21 gt miRNA-125b-5p (8 %1k K F 5 59
B IEA 7 miR-125b-5p 18 1o 80 i) B v 561 R
(OA) % B 40 il i) TRAF6/MAPKs/NF-kB il %, Xf
A8 MMP-13 £ N 14 9 E 3 PR 6703 5 4
IFN-y Fiil 2k 3 15 58 (] 75 52 1 44 M, T 38 o 34 m 5
STAT3 3’ UTR %54 1 miR-125a Al miR-125b 7K -3k
] Th17 SHA Sk, 32 55 Treg 20 A LA, DA i 0 4]
g R B R,

5 ING

TE 5 F2 i LAE BL FRATTXF miRNAs 78 H 5 %%
PR H AT I B BT IR A AR U8 fe 3 1 BIF 5% B8
A LIS miR-125 %t B oy SO Hh S 1) i
TR, AT R B G N R 2 A S B
ATRERCA B AE 2 Wi bRic Y (£ 1), WABER
miR125 £ FH B e e AL, X T & v e
A IRIT Ik e o B, IF T o [ B e
PRSI il 3 B (A2 Wb 1 FIYR T SR

S % 30k
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Analysis of animal models of breast cancer based on clinical symptoms of
Traditional Chinese and Western Medicine
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(Henan University of Chinese Medicine, Zhengzhou 450046, China)

[ Abstract] Objective Breast cancer is the malignant tumor with the highest incidence in women in China, which
seriously affects the physical and mental health of patients. The preparation of animal models of breast cancer conforming to
clinical characteristics is of great importance to the study of its pathogenesis and treatment. Methods Using “ breast
cancer” and “animal model” as search terms, we searched China National Knowledge Infrastructure ( CNKI) , Wanfang,
VIP and PubMed databases’ entries describing models of Chinese and Western Medicine clinical diagnostic criteria for
breast cancer. We summarized breast cancer animal models of existing varieties, characteristics, and modeling method.
Then we evaluated the consistency according to the clinical symptoms of Traditional Chinese and Western Medicine for
breast cancer. Results We found that the existing animal model preparation method are relatively simple and mostly based
on chemotherapy-induced cancer modeling method. Accordingly, these method ignore the etiology of Traditional Chinese

Medicine and lack of combination model of Traditional Chinese Medicine disease. This result in large differences from
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clinical multi-factor disease observations, limiting research and clinical application of Traditional Chinese Medicine for the

prevention and treatment of breast cancer. Conclusions

Evaluation of breast cancer models is mainly based on

pathological diagnosis and the formation of tumor strain (body) , which is different from the Western and Chinese diagnostic

criteria of breast cancer. Therefore, it is necessary to further improve the evaluation system of animal models of breast

cancer, improve existing models, and make the basic research of Traditional Chinese Medicine more suitable for clinical

practice.
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Table 1 Diagnostic criteria of

R Rl B LW bR
Number Detection means Diagnostic index
(1) FUIRID T ARRA  EFLIBRASRA PRI T ARPRA L B G2 W 5 (2) S AT bk L2535
KAR AW 5 (3) FUk FLA SRk IR AE R JLAL 3% A6 S OIS e 200 MM, 1) sk S RE HIE B3k oA o8 17 st R
I BEAE LI
1 (1) Pathological diagnosis of breast masses, surgical specimens, total mastectomy specimens and breast

Pathological diagnosis

2 W

Cytological diagnosis

X 2t

X-ray examination

R T Ao
4 Ultrasonic

examination

HoAth,
Others

conserving surgical specimens diagnosed by pathology and histology. (2) Diagnosis by sentinel lymph node
biopsy. (3) The biopsy of nipple, areola, skin, vessel and pectoral muscle were isolated tumor cells, and the

primary cancer of other organs could be excluded.

HRAE AR ) CALS-3 R CEA Ry DN UM 568 | X208 1565 1o FH S A )% g &2 8 R 6 B 1)
The combination of tumor markers CA15-3 and CEA to detect breast cancer metastasis is more conducive to the

detection of tumor recurrence and metastasis.

FUIR X 2 A 2128 DCIS (S48 N8 ) e B i ik

(1) MBS AL AE 5 (2) b B G nT R BUA T AE R, /N3 i BR, R etk s (3) A BB 25 6 45 1)
R RS KL ; (4) PEA b R B2 ARICAE 5 (5) ATSEEGALAY B (6) LI R ahtath ; (7) 5 &
YK (8) B IFAEG A BRI FLK IR [ 4 | B JR IR /NGRES R IR 75 bk 45 A 4
TS5

Mammography is the most important method for the diagnosis of DCIS (intraductal carcinoma) :

(1) Space occupying lesions. (2) The edge of the mass can be seen as clear, obscured, lobulated, fuzzy and
stellate. (3) The shape of the mass includes round, oval and irregular. (4) Accompanied by the change of
mass density. (5) Appearance of suspicious calcification. (6) And structural distortion. (7) Unilateral
catheter dilatation. (8) Combined signs: including skin depression, nipple depression retraction, skin
thickening, thickening of trabecular structure, enlargement of axillary lymph nodes, structural distortion and

calcification.

FLARE S vt B POt B SO AT 2 S U B AG A

(1) MBS R Z AR 5 (2) 3B SR 5 (3) GALHE, 7T 3B DU, AR, IR (4) Fikt:
5 A BRI BT BRI JZE K A48 5 (5) B IRIMTBE (M AN 5 (6) ok Jo] Bl /K e s 5 A4t 5 (7)
Cooper ) 7 B AL , 548 5 5 9 5k LAKGE a1 B il 47

There are four in breast ultrasound, that is, histopathological examination is recommended :

(1) Most of the tumors were irregular in shape. (2) The boundary is fuzzy. (3) The edge is not smooth, but
can be scallop shaped, angular and burr shaped. (4) The lesions and surrounding tissues showed edema and
thickening of subcutaneous fat layer. (5) Sunken and uneven skin. (6) Perifocal edema; Structural

distortion. (7) Cooper ligament trend changes, abnormal catheter expansion and tortuous trend.

(1) FLHR MRI A5 BE S BB I S AL | DT B 2 FLARIEE 1032 W, MRI X AR S5 50807 J5 127 4R R 5 i
TR R B SAS WA TR ; (2) PEREAE A FL K I BE , BRI IS M AR R, BRI L 4 5 b
T B FLARIE BB W (5 (3) 21k BI-RADS 4 SR BUIEAT E— 4047 . ANAT W ANl di Ay | 258
FHEERITR G T A A A 2 2 SO IR AL I

(1) Breast MRI examination can identify the primary lesions and improve the diagnosis of breast cancer. MRI
is of great value in differentiating fibroscars from postoperative radiotherapy or tumor recurrenc. (2)
Accompanying signs such as nipple inversion, thickening of the skin, invasion of pectoral muscle and
abnormal enlargement of clavicular lymph nodes can improve the diagnostic value of breast cancer. (3) The
diagnosis is BI-RADS category 4. Further examination is recommended: fine needle aspiration cell
examination, empty core needle biopsy and surgical biopsy to provide cytological or histopathological

diagnosis.
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Table 2 TCM syndrome differentiation

Fs UERY HER w5k
Number Syndrome type Symptom Lingual vein
(D) FLFPIREZIIR ; (2) A (3) 5T & A 2%
= YT (4) BB (5) BB 50 2. e
ﬂfﬁﬁw(ﬂi’ ' ﬂ*ﬁ/\,(4)H@Hﬁ}}KJFﬁ,(5)J¢J\E’%5 | ' e Ll
1 Liver Depression (1) Breast pain is mostly swelling pain. (2) There is a mass. Moss thin whit thin vell lse stri
and qi stagnation (3) It is closely related to emotion and menstrual cycle. (4) 055 Hhn wiite ot T yetlow, pulse sting
Chest and flank swelling pain. (5) Imitability.
- . TR I I LA B, TR KR 5L B
CLFLBHH (2) ST s (3) A2, @it oo™ T e
TR X éj: 4 ﬂ\ Sz g$c XN, 5 g2
IR LS (4) S Lo . . The tongue is light dark or dark red with
2 Phlegm and (1) Breast mass. (2) Tingling or swelling pain. (3) After . . .
. . . ecchymosis, the vein under the tongue is blue
blood stasis menstruation error, dark color block. (4 ) Or with K .
dv he: and purple, the moss is white or greasy, and
ysmenormea. the pulse is astringent, stringy or slippery
(D) HZJAWETL; (2) A &k AR (3) BRI (4)
W T2 MIEZ J15(5) ARZHE; (6) T FLIERE GRC IS W ISE R
3 ChongRen disord (1) Menstrual cycle disorder. (2) Small amount of The tongue is light, the moss is white, and the
ongtien cisorder menstruation and light color. (3) Weak waist and knees. (4)  pulse is thin or heavy
Mental fatigue. (5) Sleepy nights. (6) Dark complexion.
&3 WA NWEEL D
Table 3 Analysis of existing animal models
SRR I/ TRk BEAUREAE Il PR 5 BE

Animal model  Animal species

Modeling method

Model features

Clinical coincidence

TA2 /) B, C3h
JINER A SNH /N

[ seren gy o U SV
g LIS 2R

JNER

TA2 mice, C3h
mice and SNH
mice, 615 inbred

Mouse model of
spontaneous
breast cancer

mice
RV A
B (% i
L7229
Induced
animal model KRR, R
animal models *

(mostly animal

Rats, mice
models of ) ’

rabbits and dogs
breast cancer

induced by
chemical
agents )

ARZE N T TR 5 E i
RIS B A K A &
7 L MR R B E s
R85 Pl AR R 55 10— 28
EIL7L i

A type of animal model in
which a particular strain of
mice grows spontaneously
to produce breast cancer

without artificial
intervention  or  through
genetic breeding
techniques.

T ZOH O R e
(DMBA ) I N-Ffl £:-N-1F
fi iR (MNU ) P A 250
s Ea AR () 5L
i R B IR R A BT i
S5 R T IS B I L 2
iy ety
Dimethylbenzoate

(DMBA) and N-methyl-N-
nitrosourea ( MNU ) are
commonly used as
carcinogens; The drug was
administered orally ( by
gavage ), local skin smear

on the breast ,
subcutaneous injection ,
intraperitoneal injection

and intravenous injection.

MR D N T, A S S e
SRR, S T I R FLIRE )
FFRHLA] R ARSI Sh 4
RO S A4, SICH LI, o [
Advantages :
intervention ,
experimental results more accurate,

reduce artificial

make animal
more close to the clinical pathogenesis
of breast cancer. Disadvantages: the
animal model of spontaneous breast
has low incidence, long
period and
influencing factors.

cancer

experimental complex

P BB ARG, B S T i 2
il AR 7 14 LA Sl P A 2 £
(RPN S L i EN SR SRV E 2
LZ AR 2070V S et R R S R
Advantages : the etiology is relatively
clear, the induction methods are
diverse, the corresponding animal
models  of  breast
and

with

cancer are

diversified there are many
similarities human  breast

9- .
[29-30] . Disadvantages: tumor

is not easy to metastasize.

cancer

IRVIE BE R, F A TSR A R R
S8 i I TR T SR RO IR &
A ERBIG  JUHIE B 2, gk
A FLIRIEVEE 2 WARiE 1 P (1) (2)
(3):2.3 (1) (2)(3) (4)(5)(6)(7)
(8);4 (1) (2)(3) (4)(5)(6);5 (1)
Q2);FFEPEZEIRE 1 (1) (2) (4)
(5):2H(1)(3);3 (1) (2)(3)(5),
The spontaneous breast cancer model is the
most suitable in vivo experiment to study the
etiology, development  and
prevention of breast cancer, especially the
preventive drug. The symptoms meet the
western diagnostic criteria of breast cancer 1
in (1)(2)(3), 2and 3in (1)(2)(3)(4)
(5)(6)(7)(8), 4in (1)(2)(3)(4)(5)
(6), 5in (1) (2). Meet the TCM
diagnostic criteria 1 in (1) (2) (4)(5), 2
in (1)(3), 3in (1)(2)(3)(5).

occurrence ,

G PR & BE o, i FH T LRI DR 2 A 15
BHEDEST . REIRTT & FLIR A PG B2 12 Wb
HE1H(1)(2)(3)52.3 (1) (2)(3)(4)
(5)(6)(7)(8) 34 (1) (2) (3(4)(6);5
(D) (2) ;AR EZHRIE 1 H1(1)
(2)(4) (5291 (1)(3) (4)3;3 (1) (2)
(4

High clinical concordance, commonly used
in etiological and preventive studies of breast
cancer. The symptoms meet the Western
diagnostic criteria for breast cancer 1 in (1)
(2)(3),2and 3in (1)(2)(3)(4)(5)
(6)(7)(8),4in (1)(2)(3)(4)(6), 5
in (1) (2). Meet the Chinese diagnostic
criteria 1 in (1)(2)(4)(5), 2in (1)(3)
(4),3in (1)(2)(4).
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gR

Eik7)

Animal

e
model

B/l

Animal species

T i
Modeling method

RERVAHAE

Model features

IR W&

Clinical coincidence

Frtzh

Prinl

(FFhRAE)

Transplantation

animal

model

(xenotransplan-

tation to
establish

animal

model

of breast

cancer )

LT
E el
Genetic
enginee

model

Tk
EI|
e
Transg-
enic
animal

model

ring

FE K 4
BT
Trans-
genic
animal

model

oS BRFE
N
(SCID) .
Immunodef-
icient mice
(SCID) ,

nude mice

MMTV-PyMT /N
B MMTV-Wni-

IV N
MMTV-ErbB2 /]\
B — 6 3

) MMTV-neu,
Ras, Myc /N
(AL
MMTV-PyMT
mice, mmitv-
wnt-1 mice and
mmtv-erbbh2
mice  ( single
transgenic mice )
MMTV
RAS, myc mice,

neu,
( compound

transgenic mice )

BALB/c¢ F.1
IL-1B 8 B 1
KO /N R
C57BL/6-Brcal
/J\ﬁ[:m:

BALB/¢

IL-18-KO
mice, C57BL/
6-BRCA1 mice

mice,

H U5 L g 40k
A M b Y 4 i Ak
(£} MCF-7, MDA-MB-
231 M SK-BR-3) B #4 3
BB B /N B ( SCID ) B
A

Human breast cancer cell
lines or malignant
transformation ~ cell
( mostly MCF-7,

lines
MDA-

Mo AR I3, A )L,
TSI T8 A 5 R S 5 R
TOHETE MR 9L e K A ke Y
it e, AN A LR ) TR P
5, I ELAFEAY e ] B — R il R 78
IR, B IT N

Advantages: high success rate of
transplantation, short modeling time,
high

Disadvantages: The whole process of

specificity of tumor site;
tumor occurrence and development

cannot be observed in vivo, which is

M8 PR 5 BEARR , FH T PR 2 B 2 9 i B4
T SEARFT & FLIRR 7 B2 12 b e 1
F1(1);237(1)(2)(3)(4)(8);4
(1)(2) (3) (5) ;G PEZHRE 1§
(2)(5);27(1)(3);3H (1) (4),

Low clinical coincidence is used for etiology
and premorbid studies. The symptoms met
the Western diagnostic criteria for breast

cancer 1 in (1), 2and 3 in (1)(2)(3)

MB-231 and SK-BR-3) . . . o (4)(8),4in (1)(2)(3)(5). Meet the
. not suitable for preventive research of L . . O .
were  transplanted  into Chinese diagnostic criteria 1 in (2)(5), 2
. . . breast cancer. Moreover, the model . .
immunodeficient mice . in (1)(3),3in (1)(4).
. only selects single precancerous

(SCID) or nude mice. . . . .

mutation strain, which is less

convincing.

86 B R A IR 3 N
B E DNA B S

A G AR
S O T
—fk B3

Refers to the target
exogenous genes or
specific DNA
fragments  into  the
fertilized  eggs  of
animals , stable

inheritance to the next

. 31]
generatmn[ 1,

N A g
SV DNA J¥ 51
14 A% R g X H b B
DR BEAT AR B A
Target

knocked
inserted by artificially

genes are

out or

constructed nucleases
that specifically cut
DNA sequences.

D AT S A UM DY A I
RUREAY PSR ) R AR
JR R s Bl BORBOR S, AT R
PEPEA
Advantages: the model can be
established in line with the four
subtypes of breast cancer to study
the occurrence and development of
breast
high

operability is not strong.

cancer.  Disadvantages;

technical ~ requirements,

(W=7 & WIS & R S
i, PR SE A D) R e 4%, e
BT s P BR BB, T
ANBEARIE, 7] 5 B2 R00CR AR, 7T
BAEMEAR

Advantages ; simple design, strong
the

most direct and effective way to

specificity, high efficiency,

study gene function.
Disadvantages : cumbersome
steps, activity can not be
guaranteed , homologous

recombination efficiency is low,

operability is not strong.

e PRI A JEE 85, T TR 2 % kg ol 728 Y 4
o REIRFT G FLMR I P EEi2 Wb o 1 (1)
(3);2.371(1)(2)(3)(4) (5)(6)(7)(8);4
F1(1)(2)(3)(4)(5)5) (1) (2) s FFEFLIR
TR ERZWERE 1 (1) (2) (3) (5) 32 (1)
(2)(3);3 (1) (2)(4),

The clinical anastomosis is high and is often used in
the study of etiology and pathogenesis. The
symptoms meet the Western diagnostic criteria of
breast cancer 1 in (1) (3), 2 and 3 in (1) (2)
(3)(4)(5)(6)(7)(8), 4in (1)(2)(3)(4)
(5),5in (1)(2). Meet the Chinese diagnostic
criteria of breast cancer 11in (1) (2)(3)(5), 2 in
(1)(2)(3), 3in (1)(2)(4).

I R W) -G B v, 3 3 ek 3 4t L ) AF 5 % B0 L
TR YETEA RO . i)l B L AR AR R A R
FEATUBEZEbRIE 10 (1) (3)52.3 11(1)(2)
(3)(4)(5)(6)(7)(8);4H(1)(2)(3)(4)
(5)55 (1) (2) s FF & FUME T B2 Wibs i 1
F(1)(2)(3) (5)52 H (1) (2)(3);3 H1(1)
(2)(4),

The high, the
proliferation and diffusion mechanism of breast

clinical anastomosis is and
cancer is found through the study of tumor cells.
The
consistent with western diagnostic criteria 1 in (1)
(3),2and3in (1)(2)(3)(4)(5)(6)(7)
(8),4in (1)(2)(3)(4)(5), 5in (1)(2).
Meet the Chinese diagnostic criteria of breast
cancer 1in (1)(2)(3)(5),2in (1)(2)(3),3
in (1)(2)(4).

symptoms of breast cancer model were
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FLAR AR 0] 2% S A /B R BRI R
G fE B BRI R L RORNBE S £ 5, o,
R /INER R BT BE 5 R 35 A A L ST 50 B4 AT o
NN Tz, B R, e 56 D RURT B i 3
Py BE , 56 I Vs 7 1) 9 i 356 DXL R A 75 0, R
FRHLE BT (Hl AR e, FAR B R L,
PE R SRR RE AR B S IR SIOA B R 10E , T8
P L A8 20 P A R ) R AR R mT A A LR
S SO0 B W AR A7 AE (] 0 [n) U 22 | L
i) LA R B A SE DS N I o | DN AN
B RN A P 5 A5
FERRLTE  FELH SO B2 | 43§ a Jgg st 4% 27
MU 2 I IOV 55 O TS5 28 A R M LR g
FERVRRIEARRL A A A& 2L A5 80 1) R 28155 % e TR
M, K225 KA SC R AU e 5 R RS A AR
TR SRR TR L S A 2 8UE R A A RE A
AEARE BT B BRCAT SR LR B B A vl T
FHWFFY (A BRCA1 HUA5JE PRI 1) /N RE A7 06 R A
HIAE] 18 d, X AR FE B T A A A A 2L
T BRI GE ), M A, G ) 2L s A 700 35 A )
W, IR 5 L R, W TR IR 1
TEIE AL B SR (MBC) B 5 W, H HAET- %
BT Y A B RO U 55 AR g DX e Ak 2 4 4
SRS R IBERSL, v A % MBC SR (H 2
S R SRS T 22 Ay 8 g 17 I 1 R 7L AR 9o 1 R i 2%
R BE T g0 550 7L 3 e A R G8 AE T T A T
FERIARRIE | AT VR S S5 Pl S Al T g A 7R | JFG 55 Y
FRHGAE T LEE i g () e A AR 28 DL R s A8 450 {3
JEBE T 0 B A e TG FL IR 4 21 A5 i o5, HOE VR LA
HE—E R RIBRYET Tl i AR Sk, & IR FLAR
TR SRR & M LR AR /D USRS % kM s
BA (2 507 T FLIR R sh i AL ) FE At sh
YRR (SRR E S L S A A ) SRR TR
B (BRI SE D G, SEDR AR ) |, AR
DARER /B 6 55 R B fo e B B 32, gl
BT %, S TR AL RRAE , R AT I R W & BE (0 PR A, L
[N

4 e

FUBIE Y 20 A A0k 3 2otk B AR A
FEIN TS (BN LN ) 4 RIE, A A tEFLIR

SRR/ T T AR Ay PR 3R ) B )5 e, B
T FARZLIR I 10 R0 A5 G IR W &5 B 5, B i
AT LR B R | R AR R R LA R T B M 24 5
AN TR AR R, SC5 R K, S AR & .
2 ) 700375 5 LR AR Sl A R R L 5 IR e, 5
Tkt Rk, S AR KA NI E A R ZHZ
b S ARSI PR AN F AL T K T fi e
RSP LAY R A T 2 2 i L AR A AR
il A e R 7 1 B A 3 ) R TR0 % A s 4 i
i, N T 3 A0 RS e g dsfe /0 P 8 T 16 1)
IR NI % FLMR I R A R R BRI A —
FE BRI, JE DR TR A e 5 DR AR e IR G e RS
EEIL B YRR DL SR ik B ASMRSE AR
A NTE A IRt L A 5 M —283h ), e A
PRI TR [ 21 2045 58 v o S e, s ER e SELARL ) ) A A
AR H SIS HEAE R 24 R 5 B AR 2RI | T R
IC B & 5 I R I FH T AR T2, I HLAL 3L /IR
PR AIMIR L DR 3 B 5 i DR 2 1 1 1 S AR BH
T4 b s DR e BRI AR A 5 B TR 4 i R AR R —
o 3ok [] Y o 4 T B 1) s (A A AR ) R A
AR JE AT 58 R A A3 AR R L I Th g 1 58
BEFB LA T 2R B A g T
UNVBEHEAZ TR | 2t SR DR 25500 ) A% 1 il A
CRISPR/Cas9 4 K , H: 1, CRISPR/Cas9 # K H F
PR AT B AR 0% i SRR L, H R W] DAk
BEAFSE NGz 0 T A R T o T
A RHEIF S AT TH R . Moses %5 FIl Wang
2t 36) 2z 2 o WL I T CRISPR/ Cas9 4% AR W] LLAG &k
% TNBC SUM159 4l PTEN iX — 5 2L it i &
AEAE DGR3 TR 38 B MR A B Y, e R A ]
T HER2 D] | 0] 22 245 35 A0 28 R/ i
AME S T A S, 5 e LR 9 AN 4
B, TR S W AR AE AR R BT &
FRRETRY ] 1) T 5% e D DR 7R LR o R AR R it 7R
YRR AL ZAL T 5 R 2 B O 2L g 20
(RS, 5511 R 7L % 96 A 1 S B s AN A, Y
J2 BRI 240 T A 7 A S5 0 B 8 4 T
Foa e S AL FE AT B B AR AR UK R SR
PRI AR R A A RE . TR, 5 A9 n] 25 JE A
FEPR G R A LAt 1 388 an vl 2 9 PR R, A AR
HTFB, N M &, Hl & B S5 IR A B &
SR AL, rh B TR A 43 SRy SRR A B R R L2
R ST 3 AN UERY i i BUA SRR Sl R
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W5 BE BERT 3T, e B 1 S L e R R T
R | AT S I Y 5 A P S AR T T T AT
A BRI ELEE R w2 R B s R A Bl Y
T IR iy OB L 45 TR e R [A) gl ) e
T AR Y B B4 R P AR R R B s BRI
2t $H SRS TR 3 P T AT A B B LA Y e
FEACTARL, F AT, BE B Sl M8 1 22 LA i 783 1 %
N EZRE, BT RS AR bR, A R g P Y
Joa B (L T5 SR A A5 5 AR AR PR O, 5 R L
FUIRE B B b VRS W A —E 22 5
FUBRIRRFE T 1Y 32 25t IR 2 Jos 2 M A B B, (EL 5
Mo BT AE ML A2 H AT BEA 2 AR AR, P e
(LR e A% sh W A TR 2 38 1o BN AR A Y
H T AR (8 | S0, i T 24 24 A vk
ABIEFE AR (R Z 00 T IR A A A B 5, 7 LR
TR A SR BRI T T 52 B — 2 BRI,
ST MRS R AR SR AR B R R R T il
Fr/NFLIR B R AR Y | m] e o B T A R K
VEST LR LA B0 TS 4 Tk e R LR
S o 1 LR S R 5 i PR BRI, HLBOE
AP PO HLE RS E 5 R
I (MBC) S — Pl L B S P iR | JEAET - A I2E 1o
T, Bl JUAE, T ML (4 K R S B
T ity T 7E Sy i A 22 e /DN B
AT ] R P A B 5 SR L R A A A
7 AERBEA T — P TRART
PIT-ZAFRT, (B N 22 ) iR e B B3R AR
REEIR RO, TEIREM”, B L K TIR)T, i
AR BEBEA AR IS 10 AN O, A 19t B2 2 T
JEETIT; LRI S L2 B S RS RUBE 5, (R 27 IEA%)
m U HEZ A TR L S & 1T
R REIN B RS, KIS S A, 58 TR
45, RUMLsFT AL, 242 B, H AR K, R 4G
MRS, BELS T FLMTBOR . BB B, L9 ol ) A 1
ST IR INER , A BE S E LIV IR
sl e R B A3 A5 O AR T AL PR
I RS I 3R T BOFL I A R R SRR I
TR AT RUAE PY R 3 A A 2 A T B R 6 S 8l
Pt LRk e RE ik W | DU BN 95 | 50 g vk
DAL KK A0 35 S5 1 5 5 10 R 3, AL s PR L v 1= 3
TR BT AR S, B g g
P B0 Y i S Ak TS R R U iR
HRARZS , R LR 1 85 R 30 40 5 X 005 4512 5

TR RS B AR K PR B 4R v | AL A K
PO A5 R P 7 LIRS i D A2 RE S L 45
HESS G ; sk b i 2 th A ST AR S AL
V7 DA H 1 S0 L, X gl 4 B iR, DT
i Zh Yy 5 B R AR A . LR g 3l A8 72 il
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Several problems in clinical transformation of 4T1 cell tumorigenic
breast cancer mouse model

LIU Zixin, NIU Dongqin, WANG Dong "
(School of Medicine, Jianghan University, Wuhan 430056, China)

[ Abstract] Animal experiments not only serve as a basic process of the clinical transformation of new compounds,
but also a key step in evaluating the safety and effectiveness of new drugs. Therefore, reasonable dose setting, animal
model construction, and appropriate administration method are prerequisites to ensure reliable experimental data. However,
in practice, scientific researchers have not formed a unified standard for the selection of animal experimental conditions,
leading to deviations in efficacy evaluations and failure to effectively promote the transformation of new compounds into
clinical practice. In view of this situation, the author takes the allogeneic tumor model constructed by 4T1 cells with the
participation of cisplatin as an example to explore problems and possible solutions in the pharmacodynamic study of platinum
compounds for the treatment of triple negative breast cancer. It is our hope that such findings will facilitate animal
experiments that better serve clinical transformation.

[ Keywords] cisplatin; 4T1 cell; TNBC; animal model; clinical transformartion
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Z K 2 (human epidermal growth factor receptor-2,
HER-2) M3 3Z 1K (estrogen receptor, ER) FIZ2#4
ZE Z K (progesterone receptor, PR) 1M X LA M 43 F 41
[ S IR T vk A2 25 70 AT R IO A AL
MTRYT IR o IR 5122 IRYT TNBC (1
TR H P AR 25 W T I R 52 B rh e A
J7 TNBC (P 3E 7 157, BRI R RN Ty
2,5 A AR FL R AR L, R TT T BOR TR R
SR R dd i o

TR 2 AR 25 W) i) BRI AR R 55— FDA
HEAEFH 367 e I (A28 25 10 SR Tt 245
R 0 R U 4 1 R A T
UTARK 3l S 5B R s T R Ak 2 5 0y ik
e TR A 28 25 4 A T2 R i PR I A 9 Y AR
R TGV el IR Jy 2 2 2 5k s A AL 1 Sk, A
I, TE 36 EC 2 R TR R A i s A 2 24 1 AR A I R
IO FH A ST AR ELAR S v B fek Xt [
— TP SRS A [m] PR ) 38 B T Bl S AR R
REES X NI LI BRI RIE S W2, A
e S AR AR Y ] B A AR SO
12 5 4T1 40 iEARA 21 TNBC SRR fE R
B g 91, 13 55 73 Bt S 56 WIE T v A AR B T BB 3
TR T 26

1 4T1 kBN AP EFEEN L& R iTie

AT1 A HIRR 1 Fred Miller %524 % 73 B 452 )
RS R A A B PR R R R )
FI A ) fili | i 45 38 0 57 A% R T A P B A% A
TAANML, AN AT 40 R R R AR 1 2R HOIR 28 Je

EERSERAL AR T 2T A M B 2L, B P AG i
HIFLIE 25 0 RAFBEARY . SB35 Beit T I 4F oK 4T1
YHRRAEAT A 2 5 10 24 8505 56 v 1) ol R A 00 (3R
1), AR A Rh 2 A PV B 43 10/ o 46 Tk
(e

2] UL, BIF 5% 3 7E 40 B Y 5 FH O R S
— YR ZHCR PR 2298 6 2 Tl i U 1 40 B R A T
AHOCHIF S, AFLIR 17 40 ML 2 500 o A S B 1l L A —
AR A0 HL % B 5 0 5 vk BEAE &5 E b 2 24
b, B, RN A B 5 AN 2 Y 4T 4
WO wefdi F . AL GE 0 AT 40T 5, B MR 1 /)N
30 3 00 £ R R AR RN AR RS TR R | AN [ 52
065 T[] — ik 98 1 0 5 SR T N B S —
MG B e A — e B B L se ik T Bk
BT, AT BB I A5 R W T, B
SR AR 77, {5 Ao A T 5t JE AN A 2 4
PR IH B R = AR R BE AR
WGE MR B0 T, H A i 2¢ iy ] — 0 4235 64T
S LS AT 4R R A 2 S IR R

FOR TEA AL B 5 s R G — b, S
THES AR A H 0948 A Bl 3% 10° ~ 1107
A/ N Z 18], 85 B AT 3K 300 75 LB X wh sk £ 5%
Ma 258, AN TG R Ak, Rk B 7 A X 4
—ME M FECE B S A0, HXIFA R
RO R A E SRR K B B AR
R (RIS T ) A 7 (T G T
ARAEA) SE5G H A (10 5% 4% 535 0 ) & A 4
ZIFHMEE, fER— N %, (0.3~1.0) x
10° A~/ HU/NEU 40 i g B (AR5

R AT A SRR AR R Y v (4 13 e 3T

Table 1 Application statistics of 4T1 cells in xenograft tumor model

il T B Al v i i %L 27 30k
Cells Disperse medium Cell concentration Cell number References
4T1 PBS 1x10’ 1x10° (9]
4T1 PBS 5%10° 5%10° [19]
4T1 PBS 5%107 1x107 [20]
4T1 - 5%10’ 1x107 (2t]
4T1 - 1x10° 1x10° (22]
4T1 - 1x107 1x10° (23]
4T1 - - 3 x10* (241
4T1 - - 3x10° )
4T1-Lue - - 1x10° (26]
4T1 - - 3x10° (7]
4T1 Normal saline 1.5x107 1.5x10° (28]
4T1 PBS 2%10° 4%10° [29]

TE = oR 25 AR G HE

Note. —, Relevant data are not displayed.
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5= TERA AN IR B TR, 20 A e B X
TIRBCR A B, HEEmiE S R rEmy,
WA LY B 7 AE A B T AT A R R DT TE 1
[, £ B B U U T R b s A A i 2 A
M) [ B, I A BRI AN — AR R
21 it fefi AR 5 0 B AR S, A — B B R ARG A
R BHATRZ 100 L, R 40 ik B2 7E 107 2%
BV ERE, 8 T RUERLRIA 5] 25800
T, eS0T R R R ], (1) SRl
S e /DN BRI 3 S Bt A3 (2) I v ST
TR WCT A 20 0 56 73 73 1 (3) AR T A I i) Py
FHTEANME, B b 35 4 B AT 5 i iR

e, ML BN O U A — R R I H AN
HAWRREZ HE5Eh i ] PBS L, T iE 1Y
B S b K P B R R, BT £
T 5725 SCHR AT B 45 H0 I R B, 28 8 SRR AN
TEANAPEAT

EF B LL 1x10° A~/ H/NR 4T1 20
HEAT R 7 R AR T o S AP ( 1) FiE 5 0 14 245
R s S g ] 30 2 BALB/c /N, i i T
ARUIFF/ANEREE 45 X5 FL K B3 (0 12 Ik 5% 28 B i 40
100 pL 4T1 408, 78 S5 955 2 R IEE -

TR, 30 /N B4 DI AE A MR, P 4 1A FR
J3(90+9) mm’ | 5 4 KR IMEEFHRBUR (260+71)
mm® , 7E5F 16 KRADFE /N BRUS AS I il 4 o 451, e L
A /N BB A B Sl 77 7% U I AR BB LR ) %
100% , TE53 MO SEER b, 2838 LLR i ke S 52 M
LR TE AT1 AR E 3x10% A/ H/N BB i
REAR AP R A I 7%, B %888 100% . 4T1 41
6L 55 JSRE V) AR A 2L B 9 1) 25 3802 VT B R T
KA HAE SR, A AR 53 B AEAd FH 4T1 33X Ff
25 5 AR 1) A0 S B A 07 2 A 400 B TR ) e AR
AL DT 38 B S 55 i 2 5 % R VR 2%

2 4T1 BB EEER R LR YIRIER B B &
g

FEFLIR I SR B AR B R b BALB /¢ /Rl
IEAEF A, B LT Fe—B0, XF 4T i 5
FEHES MR A T 2R i A R s O ok il B
ek LI B R 1 FTE SCHER AY /D R
BT RS (£ 2) .,

FH AT, B Zhou A28 i ) BALB/ ¢ B,
HAWFFE I Md F BALB/c /) BUEE S B R R B A | 3
JE BT B 20 B AR PR A2 B, Zhou 457 i FH 7O
RIGEEYRI AT 400, 4 B 68 AR 0, A A

R2 AT AR R AR b SR S U R IR L

Table 2 Operation status of experimental animals in 4T1 xenograft tumor model

Bl Jl R (g) IRIEN IR A TESHAR (uL) EZ BTN
Category Week age Body weight Methods Sites Injection volume References
- =
BALB/c 4~6 18~22 Rl A 100 (o]
Direct injection Fat pad
BALB/c / 18~20 LRSS . K 200 [20]
Direct injection Subcutaneous tissue
BALB/c / 18~22 ) H‘ﬁﬂ.ﬁ‘ﬁi KE 200 2]
Direct injection Subcutaneous tissue
S N 2 iy
BALB/c 8 22~25 . FAGER s 100 (22]
Surgical injection Fat pad
BALB/c 5 18~22 ELBEEAS B 100 (23]
Direct injection Subcutaneous tissue
- G
BALB/c 8~10 / AR Ut / [24]
Surgical injection Fat pad
BALB/c 4 20 FLBIER BT / (2]
Direct injection Subcutaneous tissue
P NOE TSN [oyiaees
BALB/c nude 4~5 16~20 | ETEA s / [26]
Subcutaneous injection Fat pad
BALB/c 4 / BOFHE BT / [27]
Subcutaneous injection Subcutaneous tissue
S e
BALB/c 4~5 18~20 ETER B,E'HH o 100 (28]
Subcutaneous injection Fat pad
U1 Yo
BALB/c / /  BCTEE b 200 (2]
Subcutaneous injection Fat pad

= oR 2 A S EE

Note. —, Relevant data are not displayed.
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FEE N AT1 4 A A BALB/c # B LA Xt Fb 3% i
BALB/c /NI B98Ik 450, Ay A B30 4% S 56 2 ) 4
PEHSARIE ™, Z TN B AR I 15 1 00 P R
J5 SR B e, 2R R 4~ 6 JE#E R 18
~22 o W/NER, SR T I AR e A e B, WA EE R
IR 4~ 6 SR 9 /DN B DL R 5 A
VR D o7 3 SR BB I 8 3 559 1) %, st/ B P 2L Bt
RENE T, e A et g, Wk, 7~8
R /N RIS G B S BE 4R I . 45T 4T1 A
LRI AN AR R N 107 4R R 6 b R T AR e AL
FRARAS L HINA B, fy B A A 25 VAN A B
EEMABRE S RIEFE R T T, 2B KB
FERE AT R P AT SR AF A B TP I 22, Ll 3R 2
B ST S A B T R R R, AR, X
5 I AN BE VB 0 40 AR A T 3 PN, 283808 L,
£ W 0T /0N UL 2 i I 8 S0 R ) G 0 e
ROAL, 45 R R W 43 5 Wy Wi 28 R 441
I, 2B HEBOCR BT AR 2 58 I 7 48 1 7 SR, i
FETT DU AIE Y5 — FIURS ) A R RS 1 7 k2D /s B
B IEA IR A S FT 42 T, Tavera-Mendoza 251
PR T PP T A LR A AR IR B O vk, T 1 B

T BRI AR AR ARG IR L S T el T
100 L FTE S e TE A A e, 715 DUDRE 10 1k 200 it itk
T RO XL

3 FEAT1 RAEFBAERE T IREARY 6 A B R K it ig

IR LAY 1 DNA-SAZE 1Y) T4 DNA & il
AVl g b i ) R 4y 2L g ) R A 1/
2(Breast Cancer gene 1/2, BRCA 1/2) 5378 i) 41l iy
RS W HERE B TNBC B M RUA 29, X
SR B2 T5% M5 BRCA 1/2 3878 R fe 7T
RIS (HIRIE O, i 32 IR, Fir LA Z
ZER DAL A 2E 2 R AT Vb RN Y AR o
ST IR, HET AR ZMEAEWIEL T
Il AR RTATF 5T B B0, 4 Cheng 219 458 T A
5 DNA #9/E ], Muhammad %" BF 58 T & H £ W)
R Pe(IV) FoA vk LR 240 B i il VR . 9
KA B 25 W) AL T A W i I 1 aa R T A
28 W | R A S T — b VRG24 A
FUREGN AL AT A AT T VR AT 245 R 08 i
WAt DNA J2H: 3 41 B8 1) 44K 25 ) 5, A 7E
XSRS I 2 A5 PH 1 X RO, BV A 45 24

=3 EATE AT SARFEHDIE b B4 L FH BUIR

Table 3 Application status of cisplatin in 4T1 xenograft tumor

bR g Y .
Al e/ k) Wi w2 PG R B Fy % it
. o . Initial dose Course of A
Dosages Frequencies Administrations Purposes References
marks treatments
) BR LK, ELE5 dfF2d ol y y bapi ()
Once a day, for 5 days, 2 days off  Intraperitoneal injection Control
TR 1 : U .
2 R W 0.7~0.8 cm 15 d REIIES [
Once a day Intraperitoneal injection Drug combination
1 BR 1% i ) o X1 -
Once a day Intraperitoneal injection Control
1 2K 1K s , " A -
Once on alternate days Intraperitoneal injection Drug combination
H2RIRK JEik X IR ]
2 ~ 3 / [20]
Once on alternate days Tail vein injection 80~120 mm Control
3 B3R f HEIRIJE 5 d 9Kk xR [21]
3 times per week Intraperitoneal injection 5 d after modeling 9 times Control
3 2R 1K FEik %0 o 5K xR (2]
Once on alternate days Tail vein injection mm 5 times Control
- 1% FEIK - 3% Xt -
Once a week Tail vein injection 3 times Control
g B2RIK Fefik RS 9 d 3 Xt (4]
A Once on alternate days Tail vein injection 9 d after modeling 3 times Control
, B5HRIK R ot % e BT -
Once every five days Tail vein injection ~ Y mm 5 times Drug combination and control
3 [(EEPNR/ i TS 5 d o1 d R 24 KOO HE (26]

Once every three days

Intraperitoneal Injection

5 d after modeling Drug combination and control

TE = ARG AR EE  Pe: LMATTR T
Note. —, Relevant data are not displayed. Pt

, Measured by platinum element.



P E P BE 2R 26 s 2022 4F 9 H A5 32 4555 9 1 Chin J Comp Med, September 2022, Vol. 32,No. 9 149

TE o EARFLARFIFLK s b AR A FLR T BN T 3 mm (AMESAIERR) BIUT 5 o B EEARMT 8 d QUM SHATUNT 120 plse: R EA S

B f AR A R EYI 0, FR A T5% 0™,

1 /NEFUIR UL S L 40 ) Bl 1) AR

Note. a, Abdominal mammary gland and nipple. B, Small incision 3 mm (external and caudal) below the fourth nipple. ¢, Exposed fat pad. d,

Exposed fat pad can be injected with a volume 120 pL. e, Fat pad is allowed to go back to its position. f, Incision is sealed using tissue adhesive.

The pictures are from reference > .

Figure 1 Less invasive procedure for orthotopic injection of breast cancer cells into the mouse mammary gland

T3 2R o A e S 245 2 A0 A Al SR T A S B
FAAEREZ AN, 2E 35 X IEA7E 4T1 240 M A% 4 Hh Y
I BRI T 845, 2 3 R TR0 th AR TE i e 2t
[F=

U 2 4 i s PR FH ) 70 e 6 25 00 , 7 L e
ST R R 75 mg/m P IERARYT R B
HE R 25 mg/m* | 53 AE SCHER R E KR R

W, HH 150 mg/m® ) Fie IR AR A% ) R
AT N BRI Y AR 4 R 258,350 mg/
kg, SR, FE PR 24 52 560 /N B A FH 791 3
5 1.2.3 mg/kg, 3X AT f A2 H /)N BRI ) 1 52 5]
HUUEN , LA R Y R B A SR 2
Yyt S U s 0 B B AR, 76 A X 28 4 ) = R A
FEFIE . YR BRI X LR
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M 24 PTG 4 TR, 22 BT 58 DAL & WA B Sy 2
SARIE ) SCHER U LA 0 3 Y i Ol BE R AR A
Zhou %V Fl Sengupta 25?7 L 1 8¢ 3 mg /kg HIILE
T2 2, Mg T BCAAR XS 25 W3 M i 52 o S 9K
A R I 255 v , (H 2 S5 H Y R X X
S TR, Py 3 2SR AN oK 24 W 3 v I 4 3
P A BARERTE = e TR B L 1esh L g
T3 —IFAKETE T 45 25900, A3 3 BBt vl
BRIV ) 8 2 245500 i, AS [RIUF 50 25 0 45 28 00000 22
BOR X LE Pl 22 AR 12 LLAT 4 Wi R 25 B A 1T LA
FE, 2=, W5 E AR 45 25hR 55 R A )
W AT IR BN G — , EF N IR 45 25 I a3
TETE AR I B T8 B 1 2 2 Jm ok 5 B B R
/NTE 50~100 mm® 2 [8] BV AT 527t 45 24, . 45 24 ) ]
W 28 I Se e mh e . S 2T L, 28
IFFE ol FH I T 53, 0 B R T R DK T 5
RS R PR E 1Y, 140 94 K 25 W 7 R o K
S5 AV A kg B9 GBS B Ik S 1 O =X
FEX — i EAFSEEAN TR W3, 7E4T1 iR AR
RIS b VAR A4 (0 A7 78 3 5
IR WU 45 24 I ) 5 97 R AN 8 — B [a) L, A4 Sy
FEA LI 5375 JE S W S 56 5 i PR R AT A8 AR Y

[ L,
4 4HiE

UL LR far 90 /N BB B A 455 iz R TR A7
Je RNl A S AR pl AL ) 2 RE P T SC 50 H
1Y B AN TR BT ATE A g B ARy T I I — 48—
B, S8 DU SCHR AR EE A N2 50 il — A~ KAk
PEZE DML BRI, TERM R PRl (3~
5)x10° 4/ /NS A H AR 5~ 9 d Mk FN A
bR, HOFAAS 25 H B el AR K 4, il
TFHEA AT TR B 4 v o 2555 DA 9 U G T ¥ A it
ZAM, LLC0. 5~1) x10° 4/ /N R, BB # ki
S REE RS R S Al B A X 38 2, L (0.5~ 1) x10°
AL/ /0N BRARE h BRARL, 7 A0 B S 0 22 ) 2 S 3O
AU ™, AN R AT, SR SRR
7R ) T T i I R i A A v AR B L AE 100
il AN, ABH 1k it 5 Sl iy s Ty = mD g R B
HITE 200 WL LATF 40 B 5 0 ph 40 e 4 B 5 0 0
PRFRPCE . 7620 BN T R e 3% B AR X SEAS, 3 Fiidk
P AT 8 PBS FIJC I B F7 5 , (HRAE TR 5
I 240 e s 2 AN B — U T s T G 2

YHp, FTORHFAE 5 H RS LA, I S 0 46 4 55
A7 11 T S 2 ) 20 A SR 0 B B B R RE L A
7Tk AR AN —, AE/NERBERE L DL 4~ 6 JEIR Y
INEUE 2 (H AR D B I B B R 7 ~ 8 A Y /N
B, SE /N BRME A I 48 R B e 38 O (R I,
Al BERR S0 S5 A e A 52 5 H B 2 , B 5 T
IS AV FH AT 38 FH B T s i o AR T M e A%
TR L3k R i ko A5

e A TIT 245 40 PP A0 2 157 42 1 R 7 FH 5 R Al A 5
(R0 Sl 4 S B0 498 38 AN AT ke ) £ o
B 177 25 L1 2 40 52 60 o) 405 40 i i 5 | Bl i % L o
B 5 45 25N 5 2 A AR, B — A AR nT Xt 2 sk
WEFE = A KRG, 2B LIRS 51046 H 4T1 40
JRREFGEE Y TNBC SARB AR R AR by f51] S 45 T A 5%
FRAELE I [R) T, 3 2 ] 9 % 30 5 50 1) R — AN Ui
i, AT (45 2 4 52 56 v B B4 I e 25 SR i Ak
ARG RTS8 R Ak, th e T I —BE, #RE
2020 4F 7 H, /N A W 2F BRI s =D
19242 FEWFFEE 30 5/ R A4 ¢ A 36
B 7 T AR 0 9 I ¢ B %) JE 78 SR A T A TR S5 Rl RS
FEIRE AR SCF 98 Y B B IR B 1. 16 {23502 2 I
PRI 9 I E AT i T 259 & BB, Yuan
TSR X bR BRI T e R0 2 A SN 7
184 N NIEPERFIFE AR B A 170 AL T/
RO 7 , 1 1R 7T AE 5 B2 AR R 1 3T 25 30 AT
PEo BR T SEU i AR A A D 22 A1, A7 28 SCHR IR 18 Ok
FHOCAR B, H R AN 2 A2 & IR 4 2ihs
BUSITREEEE D, XA ARG E 128 i
AR Z2 AN 7 1, 17 5 ) S 36 PP 1 & W, 4
TH AR T R T e F5 AT S AR A S s ) S 50,
BRI E SC I SR IR B i N W i HL 4
e R 27 A i s A T A4 7 PRI XE 3k gt 2SR BHIF T4
HIEERBE SR LIBUR B S % SCHk 1R S
FERS AT SCIR RS , BB S 45 R Bk A
HEAE A FE 14 15 4 2 2l 9 S5 36, i 3l 40 52 56 1) 56
SENTE T4 — M a0 9 ERAE RS R 2 TF 52 56 i
22 B SCIR EE A R T AT 14 M e R AR AL R 55
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