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Gli2 regulates the activation of Hedgehog pathway in proliferation, metastasis,
and epithelial mesenchymal transformation of Tca8113 cells
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[ Abstract]  Objective To investigate the effects of Gli2 on the proliferation, growth, migration, and invasion of
oral cancer cells (Tca8113) at the cellular level, and to clarify the molecular mechanism of how Gli2 regulation affects the
migration and invasion of oral cancer cells. Methods Small interfering ( si) RNA was used to inhibit Gli2 expression in

Tca8113 cells. The effects of Gli2 on the proliferation, growth, migration, and invasion of Tca8113 cells were examined by
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CCK-8, plate cloning, and transwell chamber assay. Further qRT-PCR and Western blot assays were used to explore the
mechanism of how Gli2 regulation effects the malignant proliferation and metastasis of Tca8113 cells. Results The mRNA
and protein expression of Gli2 in oral cancer cells (Tca8113) increased. Interference of Gli2 expression inhibited the
proliferation, growth, migration, and invasion of Tca8113 cells. Further experiments showed that interfering with Gli2
expression inhibited the mRNA and protein expression of key factors in the Hedgehog ( Hh) pathway. In addition,
interference of Gli2 expression significantly affected the mRNA and protein expression of key factors in epithelial
mesenchymal transformation ( EMT) pathways. Conclusions  Gli2 is abnormally activated during oral cancer, and
interference of Gli2 expression significantly inhibits the proliferation, growth, migration, and invasion of oral cancer cells.
Gli2 influences the migration and invasion of oral cancer cells by regulating the Hh and EMT pathways. This study has
provided a new way to elucidate the pathogenesis of oral cancer and new perspectives on the clinical treatment of oral
cancer.

[ Keywords] Tca8113 cells; oral cancer; Gli2; cell migration; cell invasion; Hedgehog pathway; EMT
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F2 Gli2 2P SiRNA 519751 (5°-37)
Table 2 Gli2 gene siRNA primer sequence(5’ =3
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Figure 1 mRNA and protein expression of Gli2 in Tca8113 cell

Tca8113 H1 Gli2 A mRNA FIEE [ R IR I B & m
(P<0.01), X FRBIAE F 40 i Gli2 8% =%
W
2.2 HOFEEAREA Gli2 TR E

HT 0T 58 30E 52 Tea8113 40P Gli2 ) mRNA
HEARIK D ET R VIHAE O A8 o
R EAEN . AR A siRNA T4 Gli2 &
ik, I H A e IR AT RN, B 2 S5 R RIS
control HAHH | si-control 4 Gli2 A mRNA F14E H
FRETLHEZR(P>0.05), M5 control ZHF1 si-
control ZHAA LY, R siRNAT 5 siRNA2 T4k Gli2 %
KA B IH] Tea8113 4L Gli2 9 mRNA 5
F1235(P<0. 05,P<0.01) . M4k, 5 50 nmol/L F)
FEYLIR FEAH FE , 100 nmol /L BOSL YLt s 4d: . HIL,
AAFFE LA 100 nmol/ L AE Ky J5 SL 5256 i e e ik i
2.3 T Gli2 ¥t OB 20 At 38 F1 4 K RO 2 i

3 s, A A S s 45 SR B, 5 control
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HCHEFARE ) TCW W52 K Yu b A SE K %2 48 h
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M5 (P<0.01), FARFERESL RS R LN, 5
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AT Gli2 FikJE Tea8113 4L Gli2 B9 mRNA ik ;B T Gli2 FikJ5 Tea8113 A+ Gli2 BYZE H ik (25 WAL B BE 50 nmol/
L) ;C. T4k Gli2 RikJ5 Tca8113 4T Gli2 B Ik (25 FYRE 100 nmol/L) . 5 control AL, * P<0.05, ™ P<0.01;%5 si-
control ZHAHLL,*P<0.05, ™P<0.01,
B2 T Gli2 KikJ5 Tea8113 4L Gli2 i mRNA 52 134

Note. A, mRNA expression of Gli2 in Tca8113 cells after interference with Gli2 expression. B, Protein expression of Gli2 in Tca8113 cells after
interference with Gli2 expression (the drug treatment concentration is 50 nmol/L). C, Protein expression of Gli2 in Tca8113 cells after interference
with Gli2 expression (the drug treatment concentration is 100 nmol/L). Compared with control group, “P<0.05, ™ P<0.01. Compared with si-
control group, *P<0.05, #P<0.01.

Figure 2 mRNA and protein expression of Gli2 in Tca8113 cells after interference with Gli2 expression

1A Tea8113 4l CCK-8 H4FH LYY ; B: Tea8113 ANMILE L MUANMI R ; C G T Tea8113 4HMIEE 5 IE 1L ; D AHALIAHE Tea8113 411 4R
HII. 5 control 1AL, ™ P<0.01; 5 si-control 414 I, *# P<0. 01,

B3 T Gli2 X i 4t i 58 A0 AE K A 52
Note. A, Tca8113 cell CCK-8 proliferation experiment. B, Tca8113 cell colony formation cell number. C, Tca8113 cell colony formation under
light microscope. D, Tca8113 cell colony formation cell number taken by camera. Compared with control group, ** P<0.01. Compared with si-
control group, "P<0.01.

Figure 3  Effect of interference with Gli2 on proliferation and growth of oral cancer cell
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ZH F1 si-control ZHAH LY, Tca8113 ZHfifi4% 4t 24 h J5 XF
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Tca8113 LT F% (P<0.01) . 40 0= 78 52 56 2% IR
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Gli2 Fikn] M Tca8113 401222 (P<0.01),
DI FAFZE 260 Gli2 7E OSCC 2 i i 3T 7% Flfs 28 1ot 7
v AR, T Gli2 Rk B
Tca8113 AT MIZFE,
2.5 F# Gli2 3O EHM P Hh 8 KA %20
HEAIE G2 7E 45 Tea8113 40l M 14 5 44 7%
FVETERLE . T8 Tea8113 4R GLi2 223k )5 461
HOGE Hh 3l A S S B ) Rk sg g, & 5 g5 Rk
B, 5 control ZHF1 si-control ZHAH H, T3 Gli2 Fik
2] Tea8113 ML Hh 38 [ OCHE P F Prchl |
Glil 5 Gli2 /) mRNA 3k (P<0. 05,P<0.01) , i
— i Western blot &3¢ Gli2 35 X%F Hh il
FEOCHE P I EE R A, R BT Gli2 ikt

A 5 M4 Shh Piehl (Glil 5 Gli2 B 133k (P<
0.05,P<0.01) , qRT-PCR ;{5 Western blot 455
PR3 —3, X W0 Gli2 78 Hh 18 B 36 1k o e B4
Mo T Gli2 Kk rl LIAH] Hh i85 O P 71y &
5, T AT R BH 1 Hho 38 3% 45 2 0% Ak, E i 52
Tca8113 AL A Y= TItE
2.6 T Gli2 3 OEEAMAB EMT 8%
Rt — 4R Gli2 PA¥E Tea8113 4 A 3 5
R FHLH . AR — P T Tea8113
YiffH Gli2 ik, kil HXT EMT 38 % 5 8 [+
MMP2 MMP9 E-Cadherin 5 Vimentin fJ mRNA 5
FEHERIE, K6 g5 R, 5 control 41F1 si-control
AH G, T Gli2 ik i WP il Tca8113 41 Jifd
MMP2 MMP9 5 Vimentin ) mRNA 5% 4%k (P<
0. 05,P<0.01) ,{H[FIAfE# E-Cadherin # mRNA 5
E A (P<0.05,P<0.01)

1 A/B:Tca8113 ZHffIiT#%;C/D:Tca8113 411228, 5 control ZHAA L, ™ P<0.01;5 si-control ZHAHIL, *P<0.01,
4 T GlLi2 XF 1 40 T B AR ZB BRI (n=3)

Note. A/B, Tca8113 cell migration. C/D, Tca8113 cell invasion. Compared with control group, ™ P<0.01. Compared with si-control group,

#p<0.01.

Figure 4 Effect of interference with Gli2 on migration and invasion of oral cancer cell
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. 5 control HAHIL, * P<0.05, ** P<0.01;%5 si-control HAH, *P<0.05, *P<0.01,
5 T Gli2 X F AT Hh il B OCHE R T () 33852 1
Note. Compared with control group, “P<0.05, ** P<0.01. Compared with si-control group, *P<0.05, *P<0.01.

Figure 5 Influence of Gli2 interference on the expression of key factors of Hh pathway in oral cancer cell

24 control ZHAHLL, ©P<0.05, " P<0.01; %5 si-control ML, *P<0.05, " P<0.01,
B 6 T4 Gli2 X M 4a i h EMT i G HE IR 5 [ ks e
Note. Compared with control group, * P<0.05, ** P<0.01. Compared with si-control group, *P<0.05, *P<0.01.

Figure 6 Influence of Gli2 interference on the expression of key factors of EMT pathway in oral cancer cell
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Experimental study on the health hazards of respiratory exposure to brake pad
particles and their main component antimony sulfide in mice
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Comparative Medicine, Peking Union Medical College; NHC Key Laboratory of Human
Disease Comparative Medicine; Key Laboratory of Human Disease Animal Models,

State Administration of Traditional Chinese Medicine, Beijing 100021, China)

[ Abstract]  Objective To study the potential harmful effects of brake-pad sourced particles. Methods ~Grind the
brake pad particles or antimony sulfide particles. Mice were exposed brake pad or antimony sulfide particles by tracheal
perfusion for 1 month. We observed pathological changes to the lungs, heart, and liver, and analyzed changes in peripheral
blood macrophages and regulatory T cells (Tregs) via flow cytometry. Results After exposure, the deposition of foreign
substances in the alveolar wall of mice was seen, with the obvious infiliration of inflammatory cells around blood vessels,

which worsened with increasing particle concentration. Pathological changes, such as vascular inflammation and
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microthrombosis in the heart and hepatocyte swelling in the liver, were observed. Treg cells in peripheral blood decreased

and macrophages increased in the antimony sulfide group and low-dose brake pad particles group, while the proportion of

M2-type macrophages decreased, in the antimony sulfide group and low-dose brake pad particle group. Conclusions

Exposure to brake pad particles and their component antimony sulfide has varying degrees of toxic effects on the lung,

heart, and liver of mice and has an impact on the immune system, indicating the potential health hazards of brake-pad-

derived air pollution.

[ Keywords]

brake pad particles; antimony sulfide; PM, s ; inflammation; immune response
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T AL R 75 B BRI AR K/INEE 0. 527 ~250 wm Z [8) , RZHORARTE 10 wm DL LB WFEE 4 h 554 H BURDRIAR7E 0. 527 ~20 wm Z[i];
C B 12 h JGRIZE 5 ORDRLARAE 0. 127 ~ 10 wm Z[A] ;D BHE 16 h S5 A2 BORDRLARAE 0. 127 ~3. 527 um Z[A], Horfr 93, 73% (1 ORLRL A2 <
2.5 pum; E WSEAY Sh, S, BUACKIAZLE 0. 127~200 pm Z[A], ZHCRAE>10 pwm; FWFEE 4 h 5 Sh,S, PURCRAZLE 0. 127 ~2. 781 wm Z[A], H
94. 74% ) Bk RIAE<2. 5 wm,
1 % ki K Sb,S, BURRAR S Hr
Note. A, Particles size of the brake pads after rough grinding was between 0. 527 ~250 wm, with most particles being larger than 10 wm. B, After
grinding for 4 h, the particles size of the brake pad was 0. 527~20 pm. C, After 12 hours of grinding, the particles size of the brake pad was 0. 127
~10 pm. D, After 16 h of grinding, the particles size of the brake pad was 0. 127 ~3.527 wm, with most particles being less than 2.5 pm. E,
Particles size of Sh,S; purchased was 0. 127~200 wm, with most particles being larger than 10 wm. F, After 4 h of grinding, the particle size of Sh,S,
was 0. 127~2.781 um, with 94. 74% particles being less than 2.5 pm.
Figure 1 Particle size analysis of brake pad particles and Sh,S; particles

TE </ BB B AN TRIFF) 0 42 7 0K 1 S A JE i O E S St R BRI
B2 /R ER A LR A 42 0K 1A A B O
Note. Typical pathological changes in the lungs, heart, and liver of mice exposed to different doses of brake pad particles for one month.

Figure 2 Pathological changes in mice exposed to different doses of brake pad particles for 1 month
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T /N EE AR B S, Sy 0RL 1 A4S J5 il GOBE SR B
B3 /NRREBAFFE Sh,S, Wk 1 4~ H 5k As
Note. Typical pathological changes in the lungs, heart, and liver of mice exposed to different doses of brake pad particles for one month.

Figure 3 Pathological changes in mice exposed to different doses of Sh,S, particles for one month

TE: A~ CoANIRIF M 22 7 MORLES 88 1 H 5 SN I Treg FIE BEANMG 34T ;D ~ F o AR 3 Sh, S, MORLZER 14> 540 il Treg FIE
WEAIHE A AT, SXFIRAA L, " P<0. 05,
4 SN Treg L WA O 2 40 L 53
Note. A~C, Flow cytometry analysis of Treg and macrophages in peripheral blood after 1 month of exposure to different doses of brake pad particles.
D~F, Peripheral blood Treg and macrophage flow cytometry analysis after 1 month of exposure to different doses of Sb,S; particles. Compared with
the control group, *P<0.05.
Figure 4 Flow cytometry analysis of Treg and macrophages in peripheral blood
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Establishment and evaluation of an animal model of varicocele and
erectile dysfunction
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ZHU Fanyu’, YANG Wentao'**
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[ Abstract]  Objective By employing surgically induced varicocele ( VC) in SD rats and an apomorphine ( APO)
test, we screened rats with erectile dysfunction (ED) after VC and explored method to establish VC and ED models.
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Methods Sixty rats were randomly divided into Control, Sham, and Model groups with 20 rats in each group. Using the
Turner method , we partially ligated the left renal vein to induce left VC three times. APO tests were conducted to screen
rats with ED after inducing VC. The numbers of erections, genital grooming, and yawning were observed and recorded.
The diameter of bilateral spermatic veins were measured. Both testises and kidneys were weighed. HE staining was used to
observe pathological changes of penis and left testis. The success rate of modeling was calculated in the Model group.
Results A VC and ED model was successfully established in 15 out of 20 rats in the Model group with a success rate of
75%. After modeling, the diameter of the left spermatic vein in the model group was increased significantly( P<0.01) and
was significantly larger than that before modeling( P<0.01). The diameter of the right spermatic vein in the Model group
was increased ( P<0.05) and higher( P<0.05) than that before modeling. The weight of the left testis in the Model group
was significantly decreased (P<0.01) compared with that of the right testis. No significant difference in the bilateral kidney
weights were observed between or within groups(P<0.05). In the Model group, the numbers of erections, yawning, and
genital grooming decreased significantly ( P<0. 01) with the time of modeling. Pathological changes of the left testis and
penis were significant in the Model group. Conclusions The Turner method increases the diameter of the spermatic vein
in rats, causing testis injury and weight loss, and APO tests can be used to screen rats with ED after VC induction. The
combination of the two method is suitable to establish an animal model of VC with an ED status similar to humans.
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varicocele ; erectile dysfunction; modeling; apomorphine test
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Note. A and B produced by Photoshop2020. A, Position relationship of left renal vein, inferior vena cava and left spermatic vein. B, Partial

ligation of the left renal vein. C, Position of the left renal vein partially ligation with 4-0 suture in the rat. The red arrow indicates the inferior

vena cava, the blue arrow indicates the left spermatic vein, the yellow arrow indicates the left renal spermatic vein, the purple arrow indicates the

left adrenal vein, the black arrow indicates the left ureteral vein, and the red box indicates the location of partial ligation of the left renal

spermatic vein.

Figure 1 Schematic diagram of the modeling principle of left varicocele
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Note. A, Position of each vein in the surgical field. B, Hemostatic forcep was passed through the intersection of the left renal seminal vein and the
inferior vena cava. C, A 4-0 suture passing through the intersection of the left renal seminal vein and the inferior vena cava. D, An 8# flat-headed
syringe needle with a diameter of 0. 8 mm was placed between them. E, Confirming partial ligation of the left renal vein, and examining the veins for
injury. F, Left renal vein was swollen and dark in color after partial ligation, and the other veins were intact. The red arrow indicates the inferior vena
cava, the blue arrow indicates the left spermatic vein, the yellow arrow indicates the left renal spermatic vein, the purple arrow indicates the left
adrenal vein, the black arrow indicates the left ureteral vein, and the red box indicates the location of partial ligation of the left renal spermatic vein.

Figure 2 Schematic diagram of the main procedure of varicocele modeling
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Figure 4 Severity of the left varicocele of rats in each group
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I SEFARARZ AR, ©P<0.05, ™ P<0.01; 5 RIS LLEL, *P<0.05, *P<0.01,
5 AL RS 2R K BAR A HLEL
Note. Compared with the Sham group and the Control group, * P<0.05, ™ P<0.01. Compared with of after-modeling, *P<0. 05, P<0. 01.

Figure 5 Comparison of the diameter of bilateral spermatic vein in each group

U ST ARAAIA AL, ™ P<0. 01 SEMSILILEL, "P<0.05,
6 AL IR BN SESAL U o ek 1 R
Note. Compared with the Sham group and the Control group, ** P<0.01. Compared with the left testis, *P<0. 05.

Figure 6 Comparison of bilateral testises and kidneys weights in each group
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Note. Compared with the Control group and the Sham group, ™ P<0.01. Compared with the 3rd and 6th weekend, *P<0. 01.

Figure 7 Comparison of the frequency of erection, yawning and genital grooming in each group
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Figure 8 Pathological changes of left testis and corpus cavernosum penis in each group (HE staining)
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Effects of decoction of Euphorbia fischeriana Steud. and jujuba against
breast cancer of different molecular phenotypes via PI3k/Akt pathway

MA Liwei', YAO Hongyu’, CHEN Zhe’ , NI Shiyu*, CHEN Song®, LI Jing’, LIU Jicheng'*

(1. Research Institute of Medical Science and Pharmacy, Qigihaer Medical University, Qiqihaer 161006, China.
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[ Abstract]  Objective To explore the effect of decoction of Euphorbia fischeriana Steud. and jujuba ( DEFSJ)
against estrogen receptor (ER) negative (=) and ER positive (+) breast cancer via the P13k/Akt pathway, and to provide
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a reference for the targeted treatment of breast cancer. Methods DEFS] extract was prepared and analyzed using UHPLC-
Triple Quad. DEFS]J containing serum (CS) was prepared via a serum pharmacology method . Different concentrations of
DEFS]J-CS were applied to (ER—) MDA-MB-453 and ( ER+) MCF-7 breast cancer cells in vitro for 48 h. The distribution
of cells in different stages of the cellular cycle was evaluated using a Flow cytometer. DNA ladder assay was used to assess
the degree of apoptosis, and the expression of P13k/ Akt pathway-related proteins was evaluated by Western blot assay. The
expression of FoxO3a, FoxOla, and Bim mRNA was detected by Real-time quantitative PCR. Nuclear transposition of
FoxO3a protein was analysed using a confocal laser microscopy. Results Five batches of DEFS] extract were analyzed
using UPLC, and the result showed that the preparation technology was feasible and the quality was controllable, ensuring
the accuracy of the pharmacological experiment result. DEFSJ-CS blocked cells in the G2/M phase ( P<0.05, P<0.01).
Cells treated with DEFSJ-CS displayed the typical apoptotic ladder in the DNA ladder experiment. Compared with the
negative control cells, the DEFSJ-CS group cells had decreased protein expression of p-P13k, p-Akt, p-FoxO3a, and p-
FoxOla (P<0.05, P<0.01) ; increased protein expression of Bim ( P<0.05) ; decreased mRNA expression of FoxO3a
and FoxOla (P<0.05, P<0.01); increased mRNA expression of Bim (P<0.05,P<0.01); and enhanced nuclear
translocation of FoxO3a protein. The data showed that DEFSJ-CS had a stronger effect on (ER—) MDA-MB-453 cells than
(ER+) MCF-7 cells. Conclusions The regulatory effect of DEFS] extract on anti-breast cancer involves the PI3k/Akt
pathway, and the effect varies with phenotypic differences.

[ Keywords)] Euphorbia fischeriana Steud. ; MDA-MB-453 cells; MCF-7 cells; PI3k/Akt pathway
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F5 B SB[ SYXK (22)2021-013 ], 4156 5h ) S2 5 iy
BATEFTE IR B2 Bt AR AR P2 D 23 2 AL (QMU-
AECC-2021-67) , I 5255 s W i FH Y 3R 50 255
NIBRIEM,
1.1.2  4HjEtk

AL (ER +) MCF-7 4118, (ER - ) MDA-MB-
453 43R R 1 o R A B 4 A IR oG 7R IR
Rt .
1.2 FELF S

L15 15553  MEM 8557 5 (Hyclone 55 23 ],
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5 . AF29500573 ., AH30050286 ) ; FBS Ifil 7 ( Clark
WA T, HS . JC63436) ; DAPT Lk} ( Thermo A=)
o] 5 1890342) 5 A kit (£ [E BD A4
Bl N ), HE 5. 9283024 ) ; ActinGreend88 Yt ¥}
( Gene Copoeia 12k | 2~ A, fit 5. 1501136 T);
PrimeScript"" reagent Kit \DNA $#2HUR7] & . TBGreen
PremixEx Tap ,TRIzol ( TaKaRa HEYIEAR AT #HS .
AJ60658A [ AK1301 . AJG1421A  AI51028A) ; fubi A
p-PI3k FLFCRELA ; i N p-FoxO3a £ FLlEPLIA
BT Bim HUIEREDTA R 5 [E Abcam 24w 77 i
LN p-FoxOla HLIapEHLIA RPN p-Akt FIEFEHL
& EPLR 1gG Brik 3 E CST AR,

6500+ %! UHPLC-Triple Quad ( 35 & AB SCIEX
3] ) 5 Spark BIFEARAY (BLHLA] TECAN 24 H]) 33111
TR F258 ( 3& E Thermo =¥/ 7)) s R-300 % jig
7% Kk (Fiit Buchi 23 H)) ; Observer A1 585 B i
B LSM710 B3Ot 2 5 45 W SUBE (T [E Zeiss (X%
NF]) Q5 T PCR AL (EE M HAY RGN H) ;
FACSCalibur #3 x4 M AL ( £ [E BD A= ¥l 7
#]) ; ChemiDoc MP HI5 J A2 K6 iR R 56 (55
Bio-Rad A& 247 i A BRAH]) o
1.3 XWHE
1.3.1 S5l

ARBE KRG R T 2RIV Z R 4 3
WIRBZ (AL RIR Wb 2 L o ) S8 Je il A
FE SRR TE S5 5506 R B 2 Be b 7 2 WA AR == (BrAs
5 :1123C0006000000128 ) 5 K ALKy F 55 55 M4 IR 24
Mt &, KEKA7 ( DEFS)) il 4 & 78 Hir i A
e sE R R KRR Y A R OROE A L
1: 1B BRRA A 10 5 ZE K  IRB R4
R R (BRR 2 b, JRRIAE 2 W) BEFK 5 R
J& BI7% DEFS] 423U (1 g 4224/mL)

1.3.2 S &

SD K FGE N M FE 1 RS RTS8, KRR
A% 25 135 ( DEFSJ-CS) (111 45 © 161 ik 52 vh
SEIRLT L IR S RN R S BR 4L SD K B
i i AR PR 7K, DEFST I H | e 7710 45 2 43 30l o
25F DEFS] #£ B0 2. 5.5. 0 i1 10. 0 g/kg, B K [a]F@
Y2 2 R, AT RESE 3 d, )5 1 K424 60 min
J&i , R BRI 1 4% 380 16 == sl ik BB, 3 B85 1L 7%
#H.

1.3.3  ZifEsss
B 7% &P MCF-7 408 FH & 10% 1L 35 1

MEM 5¢ 48595 500 47 15 35 S AT AR ; [R] B B MDA -
MB-453 40 & 10% I3 19 115 58 a8 3R Lt 17
B 3% ABAC , MCF-7 4 i & T 5% CO,.95% %5 ‘< Y
R FERE % s MDA-MB-453 41 B T 100% 25 < 1)
BRFRAA TR IR L 2~3 d B4R 1 IR,
1.3.4 SEErHH

SO M X BRZH (109 BF P X6 BR 20 55 25 1t v
+90% 15774 ) \DEFSJ-CS ik (10% DEFS] K5 =41
F LI +90% 15 TR ) (1 (10% DEFS] Hpif| & 20
BEGINTE +90% K F2 5 ) |15 (10% DEFS] 25 77 i 20
MG +90% 15556 ) T4
1.3.5 JE¥ESHr

FRREC L3017 A 7 B4 il il 4% 5 it DEFS) 48
OB, BB B 100 WL FH 400 L 7508 /K H
B 1A%, Eim 30 s,/ 0.22 Jum THALIER e . SR
UHPLC-Triple Quad %} DEFSJ 42 B #F 17 B 15 43
Mr. ACQUITY UPLC BEH CI18 %A% (2. 1 mm X
100 mm, 1. 8 wm, Waters A #) ) , 7E 40 C X1, i
A 0. 4 mL/min, FEAREEN 1.0 wL, HEIHHZE
HA(HE 0. 1% H ERAEBAEAK) F B(F 0. 1% H R K
NG HBL, MEEEVEI S5 :0~2.5 min,95% A,5%
B;2.5~3.5 min,75% A,25% B;3.5~4.5 min,50%
A,50% B;4.5~7.5 min,25% A,75% B;7.5~8.0
min,25% A,75% B F18.0~17.0 min,100% B,
1.3.6 Yt X2 LA A D0 240 A Jis) 19 A1

B Ak T X B A K (ER -) MDA-MB-453 .
(ER+) MCF-7 4iljitd F A 3 4515 6 FLAN IS 57
2. 0x10° /4L, IFGIN 2 mL 5225 9 5L R 40 G
BEJ& HEAT S50, 5256 43 B X 41 DEFSJ-CS 1%
H E IR, 1 DEFSJ-CS fEHZNM 48 h 5 , i
TH P I VAU 200 b v 2 i 5 i, e i) 6 10 B 45
B MKUIMA 250 pl 357 A ¥, 36 F ) 10 min,
A 200 L X5 B &, =i F K 10 min, JITA
200 L 35 C ¥, FiREG N 10 min J5, Bt
ARSI , 50 40 45 S B o3 A 1 O
1.3.7 DNA SHHEE R LUK o BT 4 A g8 1

o0 o A B AL BRAE B 1. 3. 67, Ak s
DNA $EIUL ) & UL AR AR L5 r Z R | ) %64
A0 A0 Y B0 b, KO A K 7] RNaseA |
Protease K 22521 5), BT 70 CKIEH R
10 min; B HF¥ oK LB ME &4l O8N E
b 2 I 0 ZUIRTTTE , B IS 48 N IR S 310 &
PR DNA glifbit b oA 7530 58 i IR mAGR
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A& BRI e, R 2 WK, BRI T A
1.5 mL A9 B0 8 I — 2 B BRI, 76
Ui T ##E 10 min, S 7E 25O AL AR 250 B e
TR ALY DNA W8 . Kralifb i) DNA A
T RE G B 1% W BE B B B ERE L, I
A HLYK B LKA B YK 2 30 min, SR 5 7E 4 H 3l
PN A BN R G BB IR A HT
1.3.8 Western blot A M AHE HFR A

BE4b T3 BOY A (ER-) MDA-MB-453  (ER+)
MCF-7 41, LA 2. 0x10°/mL #F1 3] 100 mm /121 i
RN AL A 8.0 mL 58 35 5L i AR
FRAATP A S T 525 T AL B O U LR 25 )
ALER 48 h YA AN E T Ep 45, B4 Ep 45 NTE
J12.0 mL /) RIPA LAWK (3 — o MR E 1Y B IR NG |
HEEBEHDHIF) & TF KB 0.5 h( 4 10 min B2
1IR) B Ep BB OB EAEAMN LIRS
H—TE ) Ep &, #5218 BCA & e il & it
B RIS A R b T e i, e RN
T AR YR 28 3R D9 M TR B 358 1 L DK 4 8 I B L 8 1A
—HUR L PR N R TN ECL &G IRAE iR &
SN &G REUH I T XN S8 (GAPDH) &
1545 B, 1T Image J B4 MT 8 K BEAE
1.3.9  qRT-PCR % £ ] Bim, FoxO3a, FoxOla
mRNA Fik

21 el v A% B 2L A B B IA] 1. 3. 67 5 B
DEFSJ-CS fEH 48 h A5 2041, R A TRIzol ¥,
#4 1 mL TRIzol BN B 45 % M 1) 25 L v LU AR HUE
RNA ,RNA 9 B2 A 40 B 58 2o it 3 6O BETH 2 B
H Ay/Asgy A0 1 WG BE LE B SR IF Al 4R 4
PrimeScript"" reagent Kit Ui B 43, #£47 ¢cDNA &
B, SRJ5 LA cDNA AR, K% PremixEx Tap $iHH 45
PATE R PCR OV, 44 B-actin M8 Z AL AL, K6l
Fox03a FoxOla Bim & K ; £ 3L K 5| 9 2 91 Je 9
WKW 1, WBAHFEAR CE, HIn T A
HEAT AR R AR AR SE P A AR X ik =270
(AACt=(Ct HRYEEP -Ct X HRIEE) - (Gt B X H
[ R - Ce 38 A HREEIA) )
1.3.10 HOGIR A WA T W% Fox03a & H %
AR

B4b T % B B (ER-) MDA-MB-453 . ( ER+)
MCF-7 0, Lk 2. 0x 10°/mL 14 % J3 R A1 B JL 5 48
12 LI SRt (REENRE ) N, &AL 1.0 mL 58 21557
B BAREFE A %5 TS, A ik E A B

R GIYRLE R 1 7= 4 B
Table 1 Designed primer and amplified length

£ 513 KJE/bp

Gene Primer sequences Length

act F.5 -GTTGTCGACGACGAGCG-3’ 03
-actin
ac R.5’ -GCACAGAGCCTCGCCTT-3

For03 F.5’ -AGTTCCCTCATTCTGGACCC-3’ 0
oxboa R:5’ -CTTCAAGGATAAGGGCGACA-3’

0L, F:5’ -GCACACGAATGAACTTGCTG-3’ 106
Xl R:5’ -AAGAGCGTGCCCTACTTCAA-3’

" F.5’ -GATAGTGGTTGAAGGCCTGG-3" 0
m R:5’ -CCTCCCTACAGACAGAGCCA-3’

PEXTHEZH DEFS]-CS #7241  DEFSJ-CS #3541
+1.Y294002 ( PI3k 1553 ANl 7)) 41, & Ky =48
YRELFE 48 h R4k, AT e gL 4 B IR 4
T BEFRAR D 20 6 2 D R T VR AE
FIRP S A 1% BSA B W IR 28 vh ik k17 £ A
0.5 h; N anti-FoxO3a HLA, 7F 4 C HEE S g 1o
LR HIMASOC —IirE /AT HROE HE 1.5
h; FEH DAPT Jlh X 40 i A% 047 e £ 5 S0 R 4k
TP T AR EE A2 AN [F) AL B A A0 i S AR A B Y
R E AR IR0 IR, e B Fa R e Ot
5 T AR A]
1.4 $itZEHE

S R DL R AR i 25 (s ) R, 1l
FH SPSS 19. 0 Fy4-ab B #l4l J7 Z= 5 R I 45 R, 2
2T b A SR FH B PRV R T 22 43 B, A1 18] A9 % BE SR B
Dunnett-t J7 3%, 8088 09 He 30 45 4% I8 P<0. 05 183
ZRAAGEIFEE X,

2 #R
2.1 UHPLC X DEFSJ 12 B fRIE S 45 B
X UHPLC X} 5 it DEFSJ $2 BUR& JE 47 B 45 4y

B SERANIE 1T, 25 IR BUR S AR 2, IEW
il & T Ay, Bl 45, RAE T )5 2 25 IS 0 4

A ERME
2.2 DEFSJ-CS X 3L IR DNA“SEH " FE R i)
=AU

A I B R R Dk 20 A DEFSJ-CS A T 3L
JURJe A0 L %0 PR B AR R R, L2 W 4 i o8 T AR
i SR BTEXS IR AT DNA 51475 , ik 5]
7R R — & XAl ; DEFSI-CS AE FH 5 i 45 24 20 A, .
VKIR I 25005 B BRI S R 52 35
JEMCH, 25 R I IE 2 B
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2.3 DEFSJ-CS I 48 i1 / Bim, FoxO3a, FoxOla
mRNA RiZH RN

& 3 AT, 5 B X BE 4 e 388, DEFSJ-CS 7]
AR B R 4 ML FoxO3a . FoxOla mRNA ik
T, %} Bim mRNA ik i ( P<0.05,P<0.01),
HXF (ER-) MDA-MB-453 £ itg 7 AH 5 3 K 36 15 1 1
PSR i 2
2.4 DEFSJ-CS %t #fi fg 1 p-PI3k, p-Akt, p-
FoxO3a,p-FoxOla #1 Bim & 5 &% &

i# 3 Western blot 345 DEFSJ-CS X+ 41l fifg
PI3k/ Akt {5538 AR OCHEE H 1Y 28284k, th 18] 4 7]
AT, 5 AR IR 4 He A, DEFSI-CS A AT #4 ( ER
+)MCF-7 40}t p-PI3k . p-Akt Fl p-FoxO3a % [ i) 3%

A : (ER-) MDA-MB-453 AR ;B : (ER+) MCF-7 4R A,

1 54t DEFSJ $2 O o s 18 P 7 B
Figure 1 Base peak chromatograms of the DEFS]

extract derived from five batches

B 2 DEFSJ-CS Xf ( ER-) MDA-MB-453 Fl( ER+) MCF-7 41l DNA ladder & A5
Note. A, (ER-) MDA-MB-453 cell drawing. B, (ER+) MCF-7 cell drawing.
Figure 2 Effect of DEFSJ-CS on DNA ladder in (ER-) MDA-MB-453 and (ER+) MCF-7 cells

7 :A:FoxO3a mRNA Fil FoxOla mRNA #ik;B:Bim mRNA Fik, S5FAMESRA A, * P<0.05, * P<0.01,
B 3 DEFSJ-CS %f ( ER-) MDA-MB-453 Fl( ER+) MCF-7 4 i fP A 3¢ mRNA 235095200 (xs, n=3)

Note. A, FoxO3a and FoxOla mRNA rendering. B, Bim mRNA rendering. Compared with negative control group, *P<0.05, ™ P<0.01.

Figure 3 Effect of DEFSJ-CS on levels of related mRNA in (ER—) MDA-MB-453 and (ER+) MCF-7 cells
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KK, B Bim FE KR IE (P<0.05) sl (ER - REHREEMNBR T L B2,

—)MDA-MB-453 #iJfi p-PI3k .p-Akt . p-FoxO3a Fl p- 2.5 DEFSJ-CS X1 2L IR & H A Fox03a & B 1%
FoxOla & FAHYZ5KF, i Bim HEAKEIB(P< BRI

0.05,P<0.01) , HXf ( ER-) MDA-MB-453 4l jits o #H DEFS] -CS B B A 1.Y294002 24 BE 3] 4] %F ( ER

A MERBCRIE B R, SPIM RAILLE, " P<0.05, ™ P<0.01,
B 4 DEFSJ-CS %} ( ER-) MDA-MB-453 Fil( ER+) MCF-7 20 P13k/ Akt {555 A 3¢ 26 H ek U520 (x£s,n=3)
Note. A, Rendering. B, Quantitive result. Compared with negative control group, * P<0.05, ** P<0.01.
Figure 4 Effect of DEFSJ-CS on levels of PI3k/Akt signal pathway related protein in (ER-) MDA-MB-453 and (ER+) MCF-7 cells

¥ :A: (ER-) MDA-MB-453 4 i8R &l B . (ER+) MCF-7 Al fICR E
B 5 DEFSJ-CS %} ( ER-)MDA-MB-453 5 ( ER+) MCF-7 /i) FoxO3a & [ A% 5 501
Note. A, (ER-) MDA-MB-453 cell drawing. B, (ER+) MCF-7 cell drawing.
Figure 5 Effect of DEFSJ-CS on nuclear translocation of FoxO3a protein in (ER—) MDA-MB-453 and (ER+) MCF-7 cells
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-)MDA-MB-453 ( ER+)MCF-7 4 }fd ' FoxO3a & 4 2.6 DEFSJ-CS X% AR ¥z 4 i B HA 53 7r B0 =2 Ml
e AR R &5 Ran & 5 fros, BA % X B 41 o e 6 Fizs , 50X R4 %, DEFS]-CS Ik
DAPI Je O A% X 3k N TEI 4L oot M4 b & 57 S 41 e BT ( ER —) MDA-MB-453 4ii i T
U CAXT BB 2, 10 DEFSJ-CS fEH G Ml e G,/M ] (P<0.05,P<0.01),DEFSJ-CS H 15 7 it
K] WAL 4658 56, DEFSJ-CS 64 1Y294002 3£ ZHAEFH I ( ER+) MCF-7 41 T G,/M #i( P<0. 05, P
) S 7 B A AZ X sk AT WLAT (B9 s BE 3 i, 52 <0. 01) , AT UL ( ER-) MDA-MB-453 4 g %) J& 3 BHL
AR RS AR Ak WrRACR B 1

¥ :A: (ER-) MDA-MB-453 4% A B: (ER+) MCF-7 4IIRCR ] C @ a5 R, 5PN A LE, * P<0.05, ™ P<0.01,
6 DEFSJ-CS X} (ER-)MDA-MB-453 FI( ER+) MCF-7 £ Jifd J&1 3 /3 A5 B2 0 (x£s,n=3)
Note. A, (ER-) MDA-MB-453 cell drawing. B, (ER+) MCF-7 cell drawing. C, Quantitive results. Compared with negative control group,
* P<0.05, ** P<0.0l.
Figure 6 Effect of DEFSJ-CS on cell cycle distribution in (ER-) MDA-MB-453 and (ER+) MCF-7 cells
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3 g
TE B E) AR BE AL, A HAORAYT LR,

A BRI IR b X I 1325 0 AR AR BINESE, R B R Ekpk
il A AP AL 1 R, TR IS5 A% IR I |
b It e O EL E R I A TR T g A i 51
it AHAT ARG SCRRHRE L 5. 0 g/kg TR BE R EK
PRV S180 AR KR /1N BRLAY I ik 51 33. 6%
TN BB R R A7 ( DEFST) 1Y 201 B P 52 56
WF9E % B, DEFS) 76 B W/ B 1 9 2 3080 &
12. 60 g/kg'""  E54 HI WIS W IE S DEFS] 7844 4
A B PTRLIR IR VR Y X s S AR 5T FH 2y
FI IR B T A

ARWEFT E Fext DEFS] $EBOR AT T JBids 0,
SEIRUESL L e, il a5 T2 AT, RIIE T )5 42
2y PR SRR AL B . BFSE & B, DEFS]-CS 1
FH 48 h AT BH Y 7L (ER—) MDA-MB-453 4 il J%
(ER+) MCF-7 418 T G,/M 1, H.%} MDA-MB-453
20 B P BELUT IR B Oy B SCHRATE, 448 &) 44 o
PR XTI & A R R B EE Y B
e 25 s AT T 5 DNA B S8 ARG , i
A0 TV 400 6 4 4t A S B A DG DR 5 4 ik — 2D i R
P SEELBT IR VE T S A58 MGE T DNA Bl
WHEE IR FELTK S50 & B DEFSJ-CS A4 /5 -t AT {3 755
FLIR 98 44 B 2 A% R v B AL Y DNA ladder #5747 .
1M DNA $005 21 2 245 ¥ & 40 e /6 FH ) = 22401
TS YU 25 W OR AT S A I DNA XUEE W7
4 PRI R R i g R T WSS, BUfl
96 A4 e A G RIS 14 4 ) — 1 B PR 2RO 4 i
T A 5 PRI Ok, A 0T 1 33 68 4 i 0 T i it o A
SRR IR X S AT ST A R,
“DEFSJ 1E ST 100 6 L Rt 95 40 A 394 52 5375 5 40 it
AT RIMERT AR A

TG Ve 4 5] 30 BEL T i S 155 S A R T AR, B
FZ RN M G S A E, AIFSEER L ERA
PR P BB 538 % 2 — 1 PI3k/ Akt 15 53 %5
M), S MU Y B A B G B 5 R DL R A o
TR AN A HE A PR T AR T B R AR Y )
N FoxOla & FoxO3a ¥4 Fox Fi% 1 8 5,
B0 PI3k/ Ak 38 % T AY SR 71 ) FoxOla
YR PI3k/ Akt {5 i P EZEEAZ — WA
PI3K/ Akt 3 [H 119 775 £k 7 18 5 19 b 950006 S5 vl 5 i 4
M5 P8 TSR R e B, PI3k/ Akt #

FIRARTE SZ N HIE T, KB ILIY FoxO3a BLAE M
SRR v e A AR N, DT O Ui At Y
Bim 5 [ R 35 K V3G £ 38 1 4T 40 M i858 08 TR
AT NTEYE FoxO3a A% 557 1Y & A W A AL
YA A P T S AR Y

AT FoE L % B, PI3k/Akt B & Al fES 5 T
DEFSJ X LA 184 7 K AT A PR 97 s At 58 bk —
3BT Western blot %} qRT-PCR %401 T PI13k/
Akt 38 FEAH DG T 1258, &I DEFSJ-CS REfiff 19 il
ANTR) 2 BY 1 L g 40 S P p-PI3k | p-Akt, p-Fox03a
K p-FoxOla IR IKREAL, i Bim & HRILT &,
ffi FoxO3a . FoxOla mRNA ik &K, 8 Bim mRNA
Pk Tt IFE— 0 i O R AR U I F)
DEFSJ-CS 1 H 5 21 ifd 5 P i 35 1) FoxO3a 5 FIAZ 5%
07 s HAS B R 25 44 7R DEFSJ-CS % ( ER-) MDA-
MB-453 4Hififl b %F (ER+) MCF-7 28 B AE PR 47

25 I ,DEFS] fEMRSM ] i PI3k/ Akt S S5
X ER 32 AR B P R 3R 52 A B P 2L e s 4 M 1 3
B0 B S R TR R g ELAVE R RCR R 2L
TR 22 AN A, AW 505 A LI 09 A
AGHEIR YT O T R L PR AR i
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[ Abstract)

a mouse model of breast cancer complicated with depression induced using 4T1 breast cancer cell inoculation combined with

Objective To study the core behavioral symptoms, biological indicators, and pathological changes of

chronic restraint stress (CRS). Methods BABL/c¢ mice were randomly divided into Control, Stress, Tumor, and stress
combined with tumor (S+T) groups. Mice in the tumor and S+T groups were inoculated under the front legs with breast
cancer 4T1 cells. After tumor formation, mice in the stress and S+T groups were subjected to CRS for 21 days. The body
weight and food intake of each group were monitored during modeling. After the experiment, the occurrence of depression-
like behavior of mice in each group was evaluated by sucrose preference test, open field test, elevated plus-maze test, and
forced swimming test. After the mice were decapitated, the weights and volumes of the tumors were measured.
Concentrations of serum tumor markers, including carbohydrate antigen ( CA199) , carcinoembryonic antigen (CEA) , and
vascular endothelial growth factor ( VEGF ), and related neurotransmitters, including 5-hydroxytryptamine ( 5-HT),
norepinephrine ( NE), and corticosterone ( CORT ), were determined using ELISA. HE staining was used to observe
histopathological changes to the hippocampus and tumor. Results In S+T group mice, body weight and food intake were
significantly decreased, tumor weight and volume were significantly increased, serum tumor marker ( CA199, CEA,
VEGF) levels were significantly increased, enthusiasm and desire to explore a new environment were reduced, stress and
despair behaviors were significantly increased, and levels of the serum neurotransmitters 5-HT and NE and levels of CORT
were significantly increased. In addition, the cell arrangement in the tumor tissue was loose, the amount of intercellular
substance decreased, the pathological nuclear classification phase was increased, the arrangement and morphology of
neurons in the CA3 region of the hippocampus were disordered, and there were obvious nuclear vacuolation-like changes.
Conclusions

A mouse model of breast cancer complicated with depression induced by 4T1 breast cancer cell inoculation

combined with CRS showed the typical dual symptoms and biological indicators of breast cancer and depression and can be

used as a good reference model for experimental studies of breast cancer complicated with depression.

[ Keywords)

marker; neurotransmitter; behavior

breast cancer complicated with depression; transplanted tumor; chronic restraint stress; tumor
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Figure 1 Comparison of body weight and food

intake of mice in each group
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mice in each group
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Figure 4 Comparison of immobility time and immobility times in 5 min during FST in each group of mice
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Figure 5 Comparison of total distance moved, number of entries into the central zone, and retention time in the central zone

of mice in each group
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Figure 6 Comparison of ration of entries and retention time in the open-arm of EMP of mice in each group
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Figure 7 Comparison of serum neurotransmitter 5-HT, NE and CORT concentration of mice in each group
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Figure 8 Comparison of serum tumor marker concentration of mice in each group
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Figure 9  Gross morphologic characteristics of tumor mass and pathological changes of tumor tissue in mice
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Figure 10  Histopathologic changes in hippocampal CA3 region of mice in each group
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Optimization and evaluation of acute obstructive suppurative cholangitis
model in rats

YU Kui', LIANG Xiaoqiang®* , HAN Mian®>, ZHANG Jingzhe’*
(1. Pudong Branch, Longhua Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai 200126, China.
2. Institute of Traditional Chinese Medicine and Surgery, Longhua Hospital, Shanghai University of Traditional Chinese
Medicine, Shanghai 200032. 3. Longhua Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai 200032 )

[ Abstract] Objective A stable model of acute obstructive suppurative cholangitis was established in rats to detect
pathophysiological indexes and provide a reliable standardized animal model for the study of acute cholangitis and
cholestasis. Methods SPF-grade male SD rats were selected, and the model was constructed via the injection of toxoid
into the lower bile duct, followed by ligation of the common bile duct. Changes in body weight, mortality, major indexes of
liver function, and histopathological changes in the liver were evaluated before and after modeling. Results  After
modeling, the body weight of rats in the model group decreased significantly. There were no deaths and no abnormalities of
liver function in the sham-operation group. Three rats died in the model group, and the mortality rate of the model group
was 12%. The main indexes of liver function and liver pathology showed obvious cholestasis and injurious changes to

hepatic function in the model. Conclusions In this study, an acute obstructive suppurative cholangitis model rat was
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successfully established. The model has the advantages of ease of operation, minimal injury, low mortality, and a highly

successful modeling rate, and it can provide a standardized experimental animal model for studying the mechanisms of and

developing drugs for these common diseases.

[ Keywords)

acute obstructive suppurative cholangitis; obstruction of common bile duct; animal model; rat
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Note. A, Exposure of common bile duct. B, Common bile duct injection. C, Common bile duct ligation. D, Dilated common bile duct after

molding, the short blue arrow shows the common bile duct.

Figure 1 Molding process and post-molding common bile duct
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Table 1 Liver function indexes of rats

IMEH BINEEER (U/L) SRR (U/L) AREBHREM (U/L) BHRZIE/ (wmol/L) ELHEARLIZ/ (pmol/ L) BHHIHE/ (pwmol/L)
Groups ALT AST GGT TBILC DBILC TBA
RFAL
Sham-operation 37.43+6. 88 205.29+61. 07 0.92+0. 26 2. 04+0. 63 0. 68+0. 26 38.75+25.24

group

FILH . . . :

720.68+282. 11 ™ 1634.33x601. 17 42.68+13.02™ 129.85+45. 15 89. 04+23.39™ 408. 44+125.29™
Model group

o SHBFEARAMLL, ™ P<0.01,

Note. Compared with Sham-operation group,

" P<0.01.

VI B O ST A | A0 25 0 A 7 RS A
B2 KR HE 3¢

Note. Black solid arrow indicates the liver nucleus, black hollow arrow indicates inflammatory cells.

Figure 2 HE staining of rat liver
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Effect of Sanjie Quban recipe on keloid model of BALB/C nude mice and
influence on transforming growth factor-f1

HUANG Chuhan', YANG Dingquan®, ZHONG Shiyi', WU Ruiying', YANG Zhishan', FANG Huijuan', LIU Qingwu®"
(1. Beijing University of Chinese Medicine, Beijing 100029, China.2. China-Japan Friendship Hospital, Beijing 100029)

[ Abstract]  Objective This study aimed to investigate the therapeutic efficacy of Sanjie Quban recipe in a keloid
nude mice model and its impact on transforming growth factor-B1 ( TGF-B1). Methods Keloid tissue after surgical
resection was subcutaneously transplanted into the backs of healthy SPF BALB/C female nude mice, aged 6~8 weeks, and
a keloid nude mice model was thus established. The mice were randomly divided into three groups, the Sanjie Quban recipe
group , the Asiaticoside tablet group and the control gnup, with five in each group. They were respectively treated with
Sanjie Quban recipe, Asiaticoside tablets, or sterile pure water. After 28 days of continuous gavage, the keloid tissue was
exfoliated and weighed, and HE staining, Masson staining, and immunohistochemical staining for TGF-B1 were conducted.
Differences in keloid weight between the three groups before and after treatment were compared, as were the differences in
collagen fiber, fibroblast numbers, and TGF-B1 expression between the three groups after treatment. Results  The

difference in keloid weight before and after treatment in the Asiaticoside tablet group was greater than that of the control
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group, and the weight difference before and after treatment keloid treatment was the largest in the Sanjie Quban recipe
group (P<0.01). Compared with the control group, collagen fibers in the Sanjie Quban recipe group were looser and less
numerous, and fibroblasts were decreased in number. The expression of TGF-B1 in the Sanjie Quban recipe group was
decreased compared with that of the control group (P<0.01). Conclusions Sanjie Quban recipe has certain therapeutic
effects on keloids. The mechanism may involve reducing the expression of TGF-B1 in keloid tissue and thereby reducing the
proliferation of fibroblasts and the synthesis of extracellular matrix. This study provides experimental and theoretical bases
for the clinical treatment of keloids with Chinese medicine.

[ Keywords] keloid; Sanjie Quban recipe; TGF-B1
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Figure 1 Wound healing at keloid implantation in mice after surgery
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Figure 2 Comparison of quality difference of keloid

between groups before and after treatment

3 HEHERO WRRIZ I AV MR SO 25 1 2

Note. A, Histological HE staining results. B, Collagen morphology Masson staining results.

Figure 3 Influence of keloid histology and collagen morphology
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Figure 4 Effect of treatment groups on TGF-B1 expression in keloid tissue
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Role of IRS-1/PI3K signaling axis in the effects of Bufei Jianpi
formula on mitochondrial damage in skeletal muscle of chronic
obstructive pulmonary disease rats

SHEN Tingting'*, LI Suyun®*", LI Ya®, XUAN Yinshuang'*, LI Jingmei'”, LI Gaofeng'”>, HAN Bingyang'"
(1. Henan University of Chinese Medicine, Zhengzhou 450046, China. 2. Chinese Medicine Pharmacology
(Respiratory) Laboratory, the First Affiliated Hospital of Henan University of Chinese Medicine, Henan Key

Laboratory of Traditional Chinese Medicine for the Prevention and Treatment of Respiratory Diseases,
Zhengzhou 450000. 3. Respiratory Department of the First Affiliated Hospital of Henan University of
Traditional Chinese Medicine, Zhengzhou 450000. 4. Co-construction Collaborative Innovation
Center for Chinese Medicine and Respiratory Diseases by Henan&Education Ministry of China,
Henan University of Chinese Medicine, Zhengzhou 450046 )

[ Abstract]  Objective To explore the action of Bufei Jianpi formula ( BJF) on mitochondrial damage to skeletal
muscle in chronic obstructive pulmonary disease ( COPD) rats via its regulation of the IRS-1/PI3K signaling axis.
Methods 60 SPF SD rats were randomly divided into Control group, Model group ( COPD stable stage group),
aminophylline (Am) group, BJF group, pioglitazone (PIO) group and BJF+PIO group, with 10 rats per group. A stable
COPD rat model was established via forced smoking and Klebsiella pneumoniae nasal drip method. Samples were taken from
the 9" week to the end of the 20" week, and the weight of the rats was measured every week. Routine sectioning and HE
staining were performed on lung and skeletal muscle tissue, and corresponding pathological changes were observed under a
licht microscope. The lung function of the rats was observed by whole-body plethysmography in weeks 0, 8, and 20,
including tidal VT, PEF, and EF50. The mRNA expression of IRS-1, leptin, PGCl-a, and PI3K in rat skeletal muscle
was detected by qPCR. The expression of PGC-1a, TFAM, IRS-1, PI3K, AKT, p-AKT, and leptin in rat skeletal muscle
tissue was detected by Western blot. Results The Model group, but not the Control group, showed a large number of
inflammatory cells infiltrating the alveolar interstitium and bronchus, indicative of lung disease; some alveolar walls had
broken and fused to form air cavities, and fiber networks were destroyed. After drug treatment, the rats showed improved
alveolar wall and fiber network integrity and reduced inflammatory cell infiltration in the bronchus, especially those in the
BJF and Am groups. In the drug treatment groups, the skeletal muscle pathology of each group showed improved spatial
arrangement, the atrophy and fracturing of muscle fibers were ameliorated to different degrees, and cytoplasmic staining of
muscle cells was uneven, and the BJF group showed the most significant effects. Compared with the Control group, the
Model group’ s PEF, VT, and EF50 significantly decreased from week 8 ( P<0.01), while the BJF, BJF+PIO and Am
groups had significantly increased PEF and EF50 ( P<0.01). Compared with Control group, the Model group’ s mRNA
and protein expression levels of IRS-1, PGC-1a, and PI3K were significantly decreased ( P<0.05, P<0.01) , the level of
leptin was significantly increased (P<0.01). Compared with the Model group, the mRNA and protein expressions of IRS-
1, PGC-1a and PI3K in the BJF group were significantly increased (P<0.05, P<0.01), and the mRNA expression of
IRS-1 in the PIO group was significantly increased ( P<0.01). The BJF+PIO group’ s mRNA levels of PGC-1ae ( P<0.01)
and mRNA and protein levels of IRS-1 and PI3K were significantly increased ( P<0.05, P<0.01). The mRNA and protein
expression levels of PI3K in the Am group were significantly increased (P<0.01). The expression levels of leptin mRNA
were significantly decreased in the four treatment groups ( P<0.01), and the expression of leptin protein was significantly
decreased in all treatment groups except the Am group (P<0.01). Compared with the Control group, the Model group’s
quadriceps femoris tissue showed a significant decrease in TFAM and p-AKT expression. TFAM and p-AKT expression in
all the treatment groups showed an increasing trend, but the difference was not statistically significant (P >0.05).
Conclusions By regulating the IRS-1/PI3K signaling axis, Bufei Jiempi reduces mitochondrial damage to skeletal
muscle, increases the expression of PGC-la and mitochondrial transcription factor TFAM, enhances mitochondrial
biosynthesis, and reduces pathological damage to lung and skeletal muscle tissue.

[ Keywords] COPD; skeletal muscle dysfunction; IRS-1/PI3K signaling pathway; Bufei Jianpi formula
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12 P BH ZE 4 il %% 9% ( chronic obstructive lung
disease , COPD) J&—Fh LAAS ] 336 S it 52 FIR A ( 1) 18
PEATERAE N AR AW R G5, T
2030 4F, ¥ B R4 3 AT R L AR B AR
R~ E Bk 28 e g fm] A2 R L) R
fitt ( skeletal muscle dysfunction, SMD) 4 COPD ¥
(AR EE T FURFAE 2 S RE 1 32 3h Rk O 2 5t A ik
TGS 235 1/3 (1) COPD (B34 n] B
BRI St s, DL B % 57 PR3 i 40
R IR HLA I 2%, 95 R4 B PR R E | A A I I A 2
R RES 557 L SRR R 3 TT 5| K 41 i
REF AR AT A7 IR 5 0t 175 P IR | 4R A IO 8L
TR PR EESZ A SRR DNA B 4555, AT i —20
I SMDP

Jik 1% R Z KW 1 (insulin receptor substrate 1,
IRS-1) BRI WLEZ 3 0B ( phosphatidylinositide 3-
kinases , PI3K) 4/& PI3K =S FE BT R T , IRS-
1/PI3K AR N ZRLA T BE TN B & 2R A5 5 4 T i) 3 %L
{55, 7E 0 1 RE B AU AN A AR K bR B
TR, B LR 0 5 2R R4 4 2 W A I A5 A
MM FEZEEHRZ — KT, 8 %
PRUER IRS-PI3K 342 512 B LA X 36 26 1 1 £ 0
AR BEZ BB IR BT, 25 T 30N TR A Ak
ARSEIN, BRI | K S D AT | SR E B L LA B AR AR
W S R, X SRR A T COPD H %L Ak
BB A R R e S IR G, 9 4% IRS-1/PI3K %
53 % T B R B LR A0 405 1) EE R AR
b S A T A TE TG 2 A y BB AL 1o
( peroxisome

proliferators-activated ~ receptor vy

coactivator la, PGC-1a) 2 —"BEHALNE S EF
T RN PN RS 2S5 AR R I B L
RS R MEARE S RIS TIRE REY
M SRR A A RN 2Rk A W i AR
JiR 5 22 S BEGRI LA 1 B ( pioglitazone , P1O) AT I
RAAIFEF PCC-Ta HE AL, BEAD, SO A 5
F A ('mitochondrial transcription factor A, TFAM) {E
AR AR B PR A S T SR R TR R
LR DNA (miDNA ) 215 Je 2o f 5 A 21 52 il o
kR H TEEEMC

2 2 (leptin, LEP) J&—Ff 8 H K, th g
TS, 2 59035 0E R D5 5 RE f AR, it &
A, AT 07 40 5 i, AR, H R SMD L
AR PRIG I7 A7 28 Je A 28 JL AT i, 4 B0 v O o 5

RTINS AR RN A — R TR,
B R EL 7/

HEEZGIRYT COPD U B 35 R B4 wif B AF 5%
BRI, AR I 0% i D) M A AR 3 A I PR
FEPR I il D) RE T B ) 1R /D St i B I Ik
OSBRI R,
1T G 7 RE 6% W 2 M COPD K BRI A1k B
PP AR BRI MR TE S Ao E WA
BB ILZRL AR A= )6 1 S TRS-1/PI3K AH & 48 bR AR
R SAE N Ei Sy R (RTINS o S Y AR
77 AR UL B

1 #EFFEE

1.1 s
111 SR

SPF 2% SD K fl 60 H,6~8 J& %, 4 & (200«
20) g, WEMEAF W T 55w DL S 50 sl i B ol
[ SCXK(#)2019-0003 ], 7ETI g H7 BE 2 K755 —
Wi I g o0 S 56 5 JF R AR 9% T A [ SYXK ()
2022-0004 ], FEMNEREE 7 d, TCHE AR SR, [ HK
FHTCHEK 1) 3% B 555 2 e S 30 5 7 vp S50 52 56 3
W3R BRI, AR S 2] g v B 2 K2R SE R s e
PHZE 53 23T A ME (YFYDW2016027) .
1.1.2 474

il ¢ o2 B AFTFF T8 (46114) , Hy v [ B2 27 200 1 A3
P B PR 2 AR M B R R 6% 10°
CFU/mL,
1.2 FERFSMNE

VA #1=3 P R4 A O AN <2 i B Sy
10 mg, JHBH A 1 mg, M CO & 12 mg, I Fg 4R
TP BRTAEA F AR AT (3K 582
FIAR ARZESE) IRE , BT R B 25 K24 2524 B 259
OIMTSCER EIRAE 1 g B A2 2. 1 o AR S R 5
RGN, 5 & 20 mg, PRI 2 ¢ NMEAS 31 R Ry B A
1000 mL B i &7 1) H LR 4E K g (CMC) v, T
@ﬁﬁ*#%iﬁ*#, HEIRS B Al 2 mg/ml, NH A%
GV BRI A, B 0.1 g, H 2 F
H41020704 , f i ra il 25 ) A BRA 7 il 25— 4t
e PRI Z€ 18 ZACK RS AR 1. 0 mg/mL ¢ B 1 TR &
W ; A FER 7K (0. 9% NaCl) |, 43 500 mL, H1 il /g 47
MRAR A il 24 B 0y A BR 2% W] 46 fiE, TRIzol Reagent
(Invitrogen, 5% 5. 15596018 ); i ¥4 3 ik #| &

( Invitrogen, %% 5. 4368814 ) ; SybrGreen Mix kit



60 P A PR 2 2R 2024 4F 3 A4 34 45 3 41 Chin J Comp Med, March 2024, Vol. 34,No. 3

(Invitrogen , 575 : A25742) ; o 7K ( Solarbio, 5% 5 .
R1600) ; PI3K p110 S Z s EHILK (Gene Tex, §755 .
GTX111173) ; Leptin & B 52 B HTAK ( Gene Tex, 1%
5. GTX109204 ) ; TFAM % 2 7 & HT 1K ( Gene Tex,
%5 :GTX112760) ; IRS1 %% TR ( Gene Tex,
155 . GTX78916) ; PGC-la #it £ 5 B 471 14 ( Gene
Tex, $ %5 : GTX37356) ; AKT %t 2 78 B i {AK ( Gene
Tex, $¢ 5 : GTX121937) ; AKT ( phosphoSer473 ) % %
SEREHR (Gene Tex, $7%5: GTX128414) ; =41 RIPA
B4 ( Solarbio , 55 : R0010) ; BCA & [ ¢ i I 5
5% &5 ( Solarbio , 575 . PC0020) ; SDS-PAGE #¢ i
8 5) £ (Solarbio, 55 . P120) ; T 245plus | %
1 Marker ( Solarbio, 55 : PR1930) ; GAPDH R £
TP (155 . 10494-1-AP) (HRP 4510 1L EHi %
THU( 5T :SA00001-2) Hy i N AR 51T
SR 1, 1IVC- 1 sh Wil 32 58 B (15 [R5 5 3h ) i
BAHRNE BB RMT) ; & B ARBHICR S
( Buxco, 5 [H) ; PM-10AD Yt 2% & 33w e FEAH R 4
(OLympus optical, H 4%) ; 7500 % 5C B %¢ Y & &
PCR ¥ (ABI, 3 [ ); #% MR & M & &t f W Y
(NanoVuePlus, 5 [ ) ; ChemiDoc MP 4 RE Hif% R 4t
(BIO-RAD, ) ; i # 75 2018 7R 2.0 AL ( Thermo,
) ;BS210 S LT RV (FEZHFIM 8 |
1.3 ZWHE
1.3.1 ARG

KB 15 T ) 572 58 B bl R AR 7 d
T TERL TCTRK SR | PR FRF 35 N IR BE 42, T
JEIEH BN ARGEIER , S RIS A FTHary dar
() COPD MRl £ 572 SR B MR A0 55 2 R B
TR IR YL 45 COPD R K BB A . R 48 5
Je T A AR BRI AT, ¥ 0. 1 mL IR AE
H B AL AT, R 6x10° CFU/mL,

&1 519F5)
Table 1 Primers sequence
SR AR FFHI(5-3")

Gene name Sequence(5’-3")
F AACTCTCTGGAACTGCAGGC
PeCl-a R GCTTTGGCGAAGCCTTGAAA
PI3K F ATCGACCTACACTTGGGGGA
R CAATATCTTCTGGCCGGGCT
. F CAGCTTGCCTTCCCAAAACG
Leptin R TGTGGAGTAGAGCGAGGCTT
IRS1 F TGACAGCTCCCAATGGTCAC
R GGTAGCACCTGGGATGTAGC
CAPDH F CACCCGCGAGTACAACCTTC
R CACCCGCGAGTACAACCTTC

5 dH 1R S8 JH ., 4 TR AT R FH 245 24 K B
B R R (R A R 25 e B 1A 31 (3000+500)
ppm, BEK 2 YK, 4K 30 min, B FIBH =3 h, £5
L 12
1.3.2 5

% Microsoft Excel 7 “RAND () ” R, ¥ SD
KEBEHLS> M 25 1 ( Control ) 2 . COPD Fa 5 H A5 1
(Model ) £ | MEA% 51 B (P10 ) £H | #M i £ 15 75 ( BJF)
20 KD NE T + Ntk A% 51 R ( BJF +P1O ) 21 VL S 2%
1% ( aminophylline , Am) 2,10 H/2H .
1.3.3 4

H 25 9 TR Z 56 20 JE 459, BJF 41 BJF+P10
U Am HR BT BIF(12.42 ¢/ (kg - d)) |
Am(0.027 g/ (kg - d) ) HEH , BRHEH 2 K, [BIE =
3 h, Control ZH 1 Model 2H K F 14 25 T A= PR ER 7K 3
H(EH2mL), 24 15 &, BIF+P10 4 P10 4
KENAT PIO(0.01 g/ (kg - d)) ME 15T, 55
KW, 36 Ji, R0 7 9 im R 5 ok
1.97 g/kg, KB 259 77 R FH 45 28050 = 4 0 =X
HHE,
1.3.4  F5brAE
(1) izt

TS 0.8 .20 JRIZE AT >R FH JC AR 4 4 B ik
BHEIC R 58 (WBP) Wl 7 K U 2 RE , 60465 1] <
(VT) FE 0 i 3 ( PEF) FI 509% ] /< 5 <00 &
(EF50) .
(2) filidps 22

B, T 10 9% v R 08 3 2 il 20 min | [
FE 72 h B BE K HEAT A AL R R R & 4
pwm FEATY) R, H AL HE Y 98 )5 8 i o2 i
ME/INA B A S B AR 1R
(3) My sk Ly 2

38 I HCHS JBE D Sk JIL, 055 JUL PR 80 s 85 48 T
2 A T K TR ) A B b Sk LA 21, B TR
Az PRER K ot s B — e B Sk AL 7 7E 10% v H
P TR S St AT A 0 A MR R ERAS I 5 5 — B A %
TERAEAE T AL T =80 CHAT  fFInstE S
FE PR
(4) RT-qPCR £ ] Ji PO 3k L 2H 21 IRS-1, Leptin
PGC-1a UL & PI3K mRNA ik

FH TRIzol ¥ $2 B BB U Sk WL 4H 2 v 119
RNA, #¢ J8 3 5 53 3 3] & 09 452 48 O vk o 5 s oy
¢DNA, iciil 20 pL qPCR VAR RS PCR [,
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KH GAPDH 10 N 2, M40 50 & 3 W 45 I
N &AFHEAT PCR &34, B0 S 647 8 0 #r, 4%
HE mRNA HXF ik 2 =" 3145,
(5) Western blot Kl i P4 Sk LZHZ! PGC-1a [ TFAM |
IRS-1 .PI3K AKT .p-AKT . Leptin %K [1#35

S 20 R BRI D Sk LA 29, 4 R 2 1 $ BGAR
S PRI K WLEEE 11, A F BCA A A AR 2 1
W, B 40 g SETHETTHLIK FE R T 5% B RE 2R
WA 1 h, A PGC-1a FLA 1:1000  TFAM HTA 1
:1000 .IRS1 $HifAk 1:500 PI3K il 1:500  AKT Hifk
1:2000 ,p-AKT #if& 1:500 LK Leptin % 1:1000,
4 CHEIR YRR, 1 X TBST ¥Ei% 3 K, &k 10
min, FFHTA 1:1000 ILFEHH [gG-HRP, = iR ik
R 1 h, IXTBST %k 5 min,3 X, ECL A # 4
W%, I Image J A0,
1.4 HIrEFHZE

K HH IBM SPSS 21. 0 e i+ 442517 58 4,
XA B8 2 18] Ll 35 R FH 5. R 3R 5 25 43 BT ( One-
Way ANOVA) . FTH Euda LT S8« bR ifE 22 (x+5)
TR, HEFHERHE/NBEZL(LSD) , FEAR
58 K H Dunnett’ s T3 ¥, W &M KUER o = 0.
05, P<0.05 hZESBEAGIEE X,

2 &R

2.1 —fgER

TES ) 37 T N, Control 20 K BB K&O6 T,
B ROK B IEE, R, HH NG 8 B JC R
Model 4K KL A 25 2 JJT 4, A [0 A B 1) e sl

BTG B SRR LA 4~ 8
Model 41K BB &8 T0GEE R pl A, 1 8Lk o
Ly B T SN T WA T2 N Bt 3 IR S A
AT R BENS  AEER 9 R4 2hiRYT R, B RAE RS
DL—sE TR BE 19 22 i AN el 3t . BT H b DL BIF ZH
BJF+P10 ZH k35 i %

W] Model 21K BRALSET: 3 H, Hfis 8
JABET: 2 B TR 5 s BT, O Bk
APIRG 5 14 BT 1 B UROR S, 20 TR ;
PR DL I RE B Ak s B R R L 5 9 S
Am R FRIET: 1 2 IE B BRSBTS, fif i) v]
VLR BE S, BOTE /NI A, 26 20 JEEROM B, PIO 40
FET 1 H DRI s v SRR S5 oo 2 T
2.2 EETH

5 Control ZH K FAH L, Model 2H K R4 B B L
R LTS MK hEE; A% 7 FE,
Model 2H K AT 4L Control 2H B I8 %% ( P<0.05) .
F 45 12 JE#S , BJF BJF+P10 Fl Am 2H K B4 F 48
Model 41 4 i ( P<0. 05, P<0.01) , Hd DL BJF+
PIO 2L N B3 (P<0.01) , A% 17 Jii PIO 447K
AT AL Model 2B R 34N(P<0.05) , W 1,
2.3 FhThEEZT{L

5 Control AL, %5 8 J& Model 01 VT i &
FEAR(P<0.01) 55 20 J&], % JH24 20 P DL BIF 41 BJF
+P10 441 Am 4 KB VT 3 Model 41 5 255 ( P<
0.05,P<0.01) , ‘5 Control ZHAHL, % 8 J& Model 21
i) PEF R EFEAR (P<0.01) 55 20 Jil, 45 25 40
BJF 4 \BJF+PIO £HFll Am 20 K PEF # Model £H

A AR 0~20 FRTI K B4 20 A IR RUATRT . 528 AL, ™ P<0. 01; SHERIZIA I, ¥ P<0. 05,
B AARBUAEAZ(g,x2s)
Note. A, Body weight growth trend of rats in each group from 0~20 weeks. B, Body weight of rats in each group at week 20. Compared with Control group,
** P<0.01. Compared with Model group, *P<0. 05.
Figure 1 Changes of body weight in each group
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B THE (P<0.01) 1M PIO 205 Model 417G &k
Z5(P>0.05)

5 Control 41 b3, 55 8 J& Model 41 Ay EFS0 i
FREL(P<0.01) , 525415 Control 412 B JC
EMESF(P>0.05), %5 20 J&,BJF 41 BJF+PIO
IR Am 20 K B EF50 3¢ Model 41 % 3 F+ 1 (P <
0.05,P<0.01) ,1fi P10 415 Model 417G i & PE 25 %
(P>0.05), W#2,

2.4 MEARKRETH

FI6EE T ER Control 2H K KR v 2% 44 o2 4% , =
T JE TG 46 P 4 B 92 i), T il o e S il A5, i /N
EEEFIE R, Model 2H K Ui 1 AT U iy 76 [a] Jo L
Bt 7 SAEAFAT R ) 9 M 4 B IR, 350 40 il o e
I 201 fil A U A IR, 5
Model 20 EUAH H, 4 F 25 4L 25 903697 )5 3 v A ]

TR R A3 it 76 R 114) DT 284 LA B 28 24 I B A 3R, ek e S
SEh R R, o DL BIF 415 Am 438
JRIA R, WLE 2,
2.5 BRMLARETL

HBE T WL Control 41K FULET 4 2 8] HE51) %
Fr LA 4G 5 n 5 W 2L, LA R T g a3 —,
Model 21 BRUBE DY Sk LS B 45 50 5 7 B s JUL UL 2T 24
2 [ F T Bt 1 Gt 398 | & 20 350 0 o PR 25 4 KT 2
JULEH B AR BT G e AN 38 45 ) T 25907 I 45 13 W] AN [
FREE OO R B AR Ak, o DL BIF A B3,
DL 3,
2.6 RRMUSLAL4E 4 B IRS-1, Leptin, PGC-1a 0
PI3K mRNA KA

ZERL L 3 MK 4,5 Control 2H FL3K, Model 2H
HIIRS-1 ., PGC-1a FIPI3KmRNA 1 % ik K F B &

K2 FHKE VT PEF Fl EF50 284k (mL,x+s,n=6)
Table 2 VT, PEF and EF50 changes of rats in each group

b7 ear g ARWAL AN ARSI A ERBRy +

Indicator Control group Model group Am group BJF group P10 group M SR
BJF+PIO group

Week (0) 1. 670. 09 1.73£0. 11 1.7620. 08 1.75+0. 12 1. 68+0. 10 1. 66+0. 08

VT Week (8) 1.77+0. 10 1.68+0.09™  1.64x0.11 1. 67+0. 07 1. 640. 09 1. 630. 07
Week (20) 1. 82+0. 06 1.5420.10™ 1. 69+0. 07" 1.70+0. 11* 1. 63£0. 08* 1. 66=0. 06"

Week (0) 16.22+0. 77 15. 98=0. 69 16. 18x1. 02 16. 11x0. 92 16.36=1.22 15. 88=0. 60

PEF Week(8) 16. 89+0. 71 13.14+0.83*  13.430.92 13.26+0. 97 13.631. 07 13. 1220. 88
Week (20) 17. 12£0. 92 11.43+0.88*  14.2320.56™  13.34£0.76"  14.30£0.91% 14.22+0. 93"

Week (0) 1.46+0. 16 1.38+0.07 1.39+0. 08 1.340. 82 1.37£0. 11 1.330. 11

EF50 Week(8) 1. 52+0. 09 1.16+0.08  1.21£0.10 1.1820. 08 1. 14£0. 07 1.1120. 05
Week (20) 1.57+0. 07 1.07+0. 06 ™ 1.35+0. 06" 1.31+0. 10" 1.16+0. 05* 1.32+0. 10"

5 AL, T P<0. 01 SEMAML, *P<0.05, #P<0.01; SHMHHEIEIT ML, *P<0.05, *4P<0.01,
Note. Compared with Control group, ™ P<0.01. Compared with Model group, *P<0.05, ™P<0.01. Compared with BJF group, “P<0.05, **P<0.01.

2 fiiZHE % B (HE)
Figure 2 Lung pathology ( HE)
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3 RISk ZU% R (HE)
Figure 3 Quadriceps muscle pathology (HE)

£ 3 IRS-1/PIBK fF5HlIAHICHE A mRNA (H3RiEAE Tk (x4s)
Table 3 Changes of mRNA expression of genes related to IRS-1/PI3K signaling axis

2151 Groups IRS1 Leptin PGC-la PI3K
23 14 Control group 1.00+0. 15 1. 00+0. 14 1. 00+0. 16 1.00+0. 16
FERIZA] Model group 0.29+0.03* 5.53+0.40 0.38+0.03" 0.16+0.04 ™
FARAL Am group 0.36=0. 05 3. 85+0. 50" 0. 46x0. 05 0.38+0. 05"
R E NG 7 2H BIF group 0. 71+0. 04*50 1. 64+0. 06 *0 0. 960. 08" 0.90+0. 13*0
A SIEZL PIO group 0. 53+0. 05*4 3.0920. 26*00A4 0.36+0. 0344 0.26+0. 042
FRI R 7 AR T4 0.91+0. 3*H0ALAL 1.94+0. 14MH0AA 0.73+0. 05*HAA A 0. 68+0. 7*#HHALAL

BJF+PIO group
TS AL, T P<0.05, ™ P<0.01; SHRIGIAILL, ¥ P<0. 01; SAMIEIT T 414 L, ©P<0.05, **P<0.01; SHLfE SR L, 44 P<
0.01; HEZHALIMI, ' P<0.05, P2 P<0.01,
Note. Compared with Control group, *P<0.05, ** P<0.01. Compared with Model group, *P<0.01. Compared with BJF group, 4P<0.05, **P<
0.01. Compared with PIO group, ALpco.01. Compared with Am group, Hp<0.05, P9 P<0.01.

T 52 AL, P<0.05; SHRLIATLL, *P<0.05; AT HAMILL, *P<0.05, **P<0.01; St SIMIALAI L, 44 P<0.01; 1
FAWAAML, T P<0.05, TFP<0.01,

B4 40 COPD K FMLIULWLZHZN IRS-1, Leptin \PGC-1a Fl PI3K mRNA I35 HL#E (7+s)
Note. Compared with Control group, *P<0.05. Compared with Model group, *P<0.05. Compared with BJF group, *P<0.05, “*P<0.01.
Compared with PIO group, A4pc0.01. Compared with Am group, Bp<0.05, P P<0.01.
Figure 4 Comparison of IRS-1, Leptin, PGC-1a and PI3K mRNA expression in quadriceps muscle of COPD rats in each group
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5%1&(P<0. 05) ,Leptin mRNA A9 2 3R K- I 5 1 =
(P<0.01) ; 5 Model 4 L% ,4 N34 Leptin
mRNA (338 7K V-1 8 E B (P<0.01) , BJF . PIO
H1 BJF+PIO 41 IRS1 mRNA 1335 7K -1 i 35 1 5
(P<0.05,P<0.01); BJF #l BJF+PIO 241 PGC-la
mRNA YA 7K 4 Model 4H .3 T8 (P<0.01) 5
BJF BJF+PIO 1 Am 41 PI3K mRNA [k /KP4
Model 41 {2 24 5 (P<0.01) ,

2.7 BRMLALAHF PGC-1a, TFAM, IRS-1,
PI3K.p-AKT A% Leptin X EAMNRIEETL
ZER LR 4 F1F 5,5 Control 4H L%, Model 4H
Bk LZH 2 PGC-1a IRS-1, PI3K & ik K
- 5 R (P<0. 01) | Leptin 25 1Y £ Bk T 5%
WE (P<0.01), 5 Model 41 [v45%, BJF 41 PGC-la
HHIRIIKT B EH & (P<0.05) , HAb &G4
PGC-la 5 RN A A A F2 B T i, (B G b & 7k

R4 REBEILIAL PGC-1o TFAM  Leptin IRS-1 . PI3K FI p-AKT H 75 133554k (xts)
Table 4 Protein expression changes of PGC-1a, TFAM, Leptin,IRS-1,PI3K and p-AKT in quadriceps muscle of rats

20 %] Groups PGC-la TFAM Leptin IRS-1 PI3K p-AKT
23 14 Control group 0. 67+0.29 0. 62+0. 30 0. 36+0. 09 0.57+0.21 1.13+0. 25 1.75+1.38
FIRIZH Model group 0.18+0.07™ 0. 170.08 1.1820.32™  0.12+0.05™  0.19+0.04™ 0. 62+0. 50
FAA Am group 0.49+0. 19 0.42+0. 19 0. 87=0. 21 0. 15+0. 06 0. 80+0. 13** 1. 01x0. 84
ARG I 20 BIF group 0. 60+0. 21* 0.510. 15 0.46=0. 125 0.50+0.21*F  0.95+0. 12* 1.32+0. 98
A% 4L PTO group 0. 24%0. 09% 0.22+0.07 0.69+0. 17 0.38+0. 15 0. 4420, 0844 0.73£0. 50
ARG + Mt A 0. 49+0. 20 0.44x0. 25 0. 62+0. 13* 0. 58+0. 1600 0,940, 20*4 4 1. 05+0. 78

BJF+PIO group

T S FTMIEL, ™ P<0.01; SHBUMAIATE, *P<0.05, ¥ P<0.01; SAMHHE N AMIEL, *P<0.05, *4P<0.01; SuLigSImILIAI L, 44 P<

0.01; 5 ZmaM L, PP<0.05, PP P<0.01,

Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.05, #P<0.01. Compared with BJF group, “*P<0.05, **P<
0.01. Compared with PIO group, 4% P<0.01. Compared with Am group, B p<0.05, PP p<0.01.

W A EAMI, C P<0.05, ™ P<0.01; 5% HAIH L, 7 P<0. 05,7 P<0. 01; 5AMlr A 77 KT I, * P<0. 05,44 P<0. 01; 50 A% 51 R 414

e, 44 P<0. 01; SR, B P<0. 05.

B 5 COPD KEUMBIUL WL Leptin TFAM . PGC-1a . p-AKT PI3K FI IRS-1 25 [ FI 35 LLAL (s)
Note. Compared with Control group, * P<0.05, ™ P<0.01. Compared with Model group, *P<0.05, *P<0.01. Compared with BJF group, Ap<

0.05, 24P<0.01. Compared with PIO group, ALpc0.01. Compared with Am group, B P<0. 05.
Figure 5 Expression of Leptin, TFAM, PGC-1a, p-AKT, PI3K and IRS-1 in the quadriceps muscle of COPD rats
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%S (P>0.05), BJF+PIO0 5 BJF 4 IRS-1 & 1%
IKZKF-EE Model 2 5 331 15 (P<0. 05, P<0.01) , H:
MAIGIT AL IRS-1 R AR IBAKFA T EaS AT
WEMEE R (P>0.05), Am.,BJF 1 BJF +PIO 4
PI3K 4K 1 1Y 3K 7K F- 3 Model 4 1 4 & (P <
0.01), FLLL BJF+PI10 203 &idc o i3, P10 41 PI3K
EHMRBEKPAEFR A&, BT EEES (P>
0.05) ., 5 Control 41 L%, Model 41 /8 P4 3k JL4H 41
T TFAM \p-AKT & 2547 W 0 () T B3, %496
J72H TFAM | p-AKT 2 [ R BB A AR E NI =
R AR TR E M2 R (P>0.05)

3 it

S B PR RAE AL B RE A ER LA
JE S COPD B % WLLhAE RS R 2 200 (B B 1)
O FHLEI I ANTE R Zobi iR 52 COPD i %
WL 8 i A 14 o T ZE L) 22—, SR R X LR A Ak
IV ORI R S A I R4 T ORI ok
TRt 2 450 Tek % COPD B84 LT REFE G 28 e
B LRI Y B TR T s AT T AW
ARG, DAEREIE S 80 T A8 IE 5 1Y T 2 24
LS, PR S0 2R A 1 A= ) ke A T R 2 ol 2R
BRI RER Y . PGC-1a S —/NEFE A I+
MR, FEAAAE T B L, R LR R AE 5 Y
KHEH T B H S 5 5 LR R B kA E AR
P AR T DL R B PR ) 23k B 9T 6 B Bl 0
5l Si R - A% R W2 [R  ((NRF ) AH BLAE SR 45 1l
LRRIURIE [H (1 R KK I SRR A W A=
TFAM J&—F" DNA Z56 R 1, 15 4R /& DNA
(26 S5 R0 A2 0 D) 4 miDNA & &, 24 PGC-1a
5 NRF1 AHEAE S, /T30 T TFAM 93R35 4
TFAM 2 1 mRNA “FA734 0 2 A5, 2ok iRk & &
QLR 3N 2 ~ 3 A5 DA ofl 8 2 Ak 1) A
APV CcOPD KR EAILEF PGC-1a 55 TFAM 3
PR Rk Bt R AIR , bR D g 1 25 W fiE S5 PGC-la
HITFAM 1R i 258 H 2 5077 ZORLIAR 9 e AL
FHIE ) ARHFFE 45 B, Model 2H K BV B AL
PGC-la 5 TFAM FH AR F1 K54S Control 2H 1
FFRAR 416 T AH X AT LUK [F) AR Y34 0 PGC-1a
5 TFAM JEH IR [ 3635, $E s £ it {5 7 e % 38
IS PGC-1a 5 TFAM 1Y 3635, 189 58 £ k7 44 1) £
Y&, B COPD H Bk WL b A 75

M\ IRS-1/PI3K 3 i 1 1508 8% LA £ BE 5 4R e

COPD &R HLH , X I RIS FEB G A &
TR, LR RE & A BT AR R 2 7E 40
PR R AR S R Z AR (IRS) -1 22/
INRTR KA WERR AL, T TRS-1 s 22 R 1) i 1R
1k, ARNEEEGE PI3K, T8 Glutd 1935 M, S EHUALL
P H RBETE SIS 0 R LD R A
RIS, Leptin /E i85 R AQ 19 T B3, 7 RE It
PRy T AR EEEN . W58 &3 COPD & JF
BB LZE 4 K BN P Leptin 7K 48 0E % K BUR =5
HARE W g ARBFIE A5 R R Model 41K
L IRS-1, PI3K, p-AKT 2 K f1 2 F 3 35 K F 8
Control 2l K Fl 52 35 P AIX, Leptin 38 KRN 2R 1 A9 3k
JKFAL Control 2H K B 5 4 5 ; BJF 41 BJF +PIO
ZH N P10 234 A] LUIAS [A) 2 B2 A 3 fin IRS-1,PI3K , p-
AKT & [ FT & Y R 3k, 4 A FH 25 41 39 7T B AR
Leptin J& K FIEE B 2R 35 5 $2 75 FMiti gt 5L 75 vl 38 5o
P IRS-1/PI3K 155 5 4, vt 3% 15 8% L £ 1A i 45
i, % COPD 5% WL Bt A 4RI TVE I .

COPD & I H % LTI REBE AT A6 b B2 & T e ™
lE (FN - F AL Pid . < EE T,
PRI PR =2 At < il 3 A m) IR < B 32 AL P
JRE™ 2 il B AR D S RS J ML A ot 9 A Ak
ZUR IBLA R Tl %, LA 2246 £5 2 T e e
AT IR 4, L& -, W& N BT R Il R A
TR BN R, LA R 3% M BORAE Y
I A 4 @R TR AE S COPD B85 LY AE R
WA RURIT %

SR Z BRI ZAF IR ZE 5, DL Fb il
fafg 85 A Rk U T ARG (FE 5
Zx AR ARZ W DUBESE) YR T B R L) R R A AR
&, gl BEPLXT IR IG R R, X F coPD
FoURE 01 BB 35, M {9 SR RE 08 R R R 2
B 38 i <, S it D R L /> AECOPD (1) & 4=
OB AR R AR TR R Y PR S Y S
S5 5L B M 3 A D B L) SR S
IE TS JULA A A A, B v B R LR A A %
E%DS—%] R

25 L TIR RN g R 7 7] 2 45 TRS-1/PI3K
T O LR R B B 47, [ R v
TREREGE N T PGC-1a SLBASE SEIR T TFAM #Y
FIk AR LR R () A2 W) G L, DT DR i 5
WLALZL s BEPES 0, (H HL A DI HL RIS 75 ik — 4
THESE,
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Comparative study of hyperuricemia induced by different
factors in mouse models

NI Jianyu', BAI Ningning', LIU Xianli’ , GONG Lihong* , SHOU Qiyang'~ *

(1. School of Pharmaceutical Sciences, Zhejiang Chinese Medical University, Hangzhou 310000, China.
2. Second Clinical Hospital of Zhejiang Chinese Medical University, Hangzhou 310000. 3. School of Basic
Medicine, Zhejiang Chinese Medical University, Hangzhou 310000. 4. Third Clinical Hospital of Zhejiang

Chinese Medical University, Hangzhou 310000)

[ Abstract]  Objective To investigate whether a stable and reliable hyperuricemia model can be established in
mice with an ICR background via a triple-modeling method ( combined potassium oxazine, hypoxanthine, and 30% yeast
paste) , and to evaluate the effect of the positive drug febuxostat on the model. Methods A hyperuricemia model of ICR
mice was established using a single drug or double- or triple-drug combinations. Serum uric acid and creatinine
concentrations, xanthine oxidase (XOD) and urate oxidase (UOX) activity, and uric acid transporter (URAT) 1, glucose
transporter (Glut)9, anion transporter (OAT) 1, and ATP-binding box subfamily G member ( ABCG)2 mRNA levels were
detected to evaluate whether the hyperuricemia model was formed successfully. Results The serum uric acid levels of ICR
mice were not significantly changed by potassium oxazine alone, as they showed an increase but were not significantly

different to those of the 30% yeast paste diet or hypoxanthine combined groups. Serum uric acid levels in the triple

[E£TH] EEARBEILS (82274175) ; WiTLA4 Hh s 2545 B )= #5950 H ( GZY-Z]-KJ-23069)
[EBBAN MRET(1997—) , 5B, LB A BFoE 7 18 . P2y 25 B R 658 . E-mail : 942770814@ qq. com
[BEEE]FiED (1979—) , 5B -t LA S0, BF55 718 . 25 25 B 5 R 658 . E-mail ; sqy133@ 126. com
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administration group were significantly increased at 7 days (P<0.01), while XOD enzyme activity had increased ( P<O.

01) and UOX enzyme activity decreased ( P<0.001) at the same timepoint. There were increased expression levels of
URATI and Glut9 (P<0.05, P<0.001), and decreased expression levels of OATI and ABCG2 (P<0.001). During

dynamic monitoring, the blood uric acid levels of triple administration-induced ICR mice peaked at 7 days. In addition,

triple administration-induced hyperuricemia in ICR mice was sensitive to the positive drug febuxostat, which caused a

significant decrease in blood uric acid levels (P<0.001). Conclusions

stably induced by triple administration for 7 days.
[ Keywords)

hyperuricemia; ICR mice; animal model

A hyperuricemia model in ICR mice can be
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Note. Compared with blank control group, ** P<0.01.

Figure 1 Effects of single, double and triple administration of modeling drugs on body weight,

serum uric acid and serum creatinine in ICR mice
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Figure 2 Effects of different time of triple

modeling method on serum uric acid of ICR mice

S A AL, ™ P<0.01,
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Note. Compared with blank control group, ** P<0. 01.
Figure 3 Effect of triple modeling method on serum
uric acid of ICR and KM mice

B4 =HGEBOERT ICR K KM /N XOD UOX & 50
Note. Compared with blank control group, ** P<0.01, ™ P<0.001.
Figure 4 Effects of triple modeling method on the activities of XOD and UOX in ICR and KM mice
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Figure 5 Effects of triple modeling method on mRNA expression levels related to uric acid metabolism, transport and excretion in

kidney of ICR and KM mice
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Note. Compared with blank control group, * P<0.01. Compared
with the triple administration group, **P<0.001.

Figure 6 Effect of triple modeling and positive drug

on serum uric acid level in ICR mice
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Effect of Buyang Huanwu Decoction in reducing oxidative stress and protecting
cerebral ischemia-reperfusion injury to rat blood-brain barrier
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[ Abstract]  Objective To explore the mechanisms of Buyang Huanwu Decoction (BYHWD) in reducing oxidative
stress levels to protect the blood-brain barrier (BBB) in cerebral ischemia/reperfusion injury ( CIRI) rats. Methods A
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middle cerebral artery occlusion/reperfusion ( MCAO/R) model in rats was established via wire embolization method .
PeriCam PSI laser speckle flow imaging was applied to detect whether the model was successfully established. Neurological
deficits in the rats were evaluated by Zea Longa score, and histopathological changes in the rat brain were observed by HE
staining. The degree of brain edema was detected by the dry and wet weight method. BBB permeability was detected by
Evans blue staining, and ultrastructural changes to the BBB were observed by transmission electron microscopy. The levels
of ROS, MDA and SOD activities, which are related to oxidative stress, were detected using kits. The expression levels of
matrix metalloproteinase-9 ( MMP-9) were detected by immunohistochemical staining and Western blot. The expression
levels of Occludin, ZO-1, and Claudin-5 tight junction proteins were determined via immunofluorescence and Western blot.
Results BYHWD reduced neurological deficit scores, alleviated brain histopathological damage, alleviated BBB structural
disruption, prolonged the appearance of dense regions in the tight junction structure, attenuated edema of the brain on the
ischemic side, and reduced BBB permeability in MCAO/R rats. BYHWD decreased the levels of ROS and MDA,
increased the activity of SOD, decreased the expression levels of MMP-9, and increased the expression levels of Occludin,
Claudin-5 and ZO-1. Conclusions BYHWD can increase BBB tight junction protein expression levels, reduce the
permeability of the BBB, protect the ultrastructure of the BBB, and reduce brain edema, and its mechanisms may be
related to its antioxidant activity and inhibition of MMP-9 activation.

[ Keywords] Buyang Huanwu Decoction; cerebral ischemia-reperfusion injury; transmission electron microscopy;

oxidative stress; blood-brain barrier; matrix metalloproteinase-9
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Figure 1 Cerebral blood flow monitoring
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Figure 2 Neurological deficit score of rats in each group

A 22 F IS 2F 7 X (P>0.05) . £l ( Right ) i
TKELAR 2Z R TG E L (P>0.05,K 4)
2.5 #MEIE F 7R MCAO/R X R I b 5 B5 i
EH

5 Sham 4 AH kL, MCAO/R 41 EB % I & Tt
L, 4278 BBB aEBs I T, B B EMER (P
<0.01) ;5 MCAO/R 41AH Lk, BYHWD 41 Fil NBP 44
1) EB ¥ 3% T R, Ui BBB il AR (P<
0.01) ;5 NBP ZHAH I, BYHWD 4[4 EB & 881K,
{HPIRYT 2 R 22 5 0 L (P>0. 05,81 5)
2.6 #MPEIE H %A MCAO/R X R I f% 5 f&E #8
MG

Sham 21 Ifil i 5 15 4% 4H 55000 R WA i, 5
Sham ZH #H [, MCAO/R 4 IfiL figi 57 % 45 )3 34 4 5
FEBA3 - 1A R Jo B 8 K B, PN R 4 B K i, ok
ACER B i 3 TV A U O O S i AR A IR
B, SRR AN — , P Bz 4 ) R 2 o e ) A /D
I, BTV I o 240 b 226 Jet B S /K e, R T R L o S A
5 MCAO/R ZHAH I, BYHWD ZH A1 NBP 4H ifi fixi 5t &

B3 HE J (5% 4R RURIZH U B2 1k

Figure 3 Pathological changes of brain tissue were observed by HE staining

HSERFARLMAL, ™ P<0. 01 SHBAIMLEL, #P<0.01,
4 HBHAKEMEKE( x5 ,n=5)
Note. Compared with Sham group, ** P<0.01. Compared with MCAO/R group, " P<0.01.

Figure 4 Brain water content of rats in each group
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BOITEERE , ML G e S R 05 N B A A RIR IR BRI R B AR (18 6)

MR BRI AN as i B i, b iR 5 2.7 #MBESE R iH B MCAO/R K R & 4 K3
B USID R AR R IR B IR RS A AR, R

T DXIRBT 2R, P Bz 200 i 18] 354 0 2 B KB 45 R IET, 5 Sham 4 AH L, MCAO/ RZH 1Y

ST ARMMIL, ™ P<0.01; SERAAHL, #P<0.01,
B 5 EB e BBB BN (x+s, n=3)
Note. Compared with Sham group, ** P<0.01. Compared with MCAO/R group, *P<0.01.
Figure 5 Quantitative analysis of BBB permeability by EB staining

B 6 iR A

Figure 6 Ultrastructure of blood-brain barrier

EHEFARAMLE, ™ P<0.01; 5ERHH L, *P<0.01,
Bl 7 #5504 g4 ROS MDA 1 SOD &8 ( £+ ,n=3)
Note. Compared with Sham group, ** P<0.01. Compared with MCAO/R group, *P<0.01.
Figure 7 Content of ROS, MDA and SOD in brain tissues of each experimental group
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ROS 5 MDA ## B ETHE,S0D S BERIT(P< 2.8 #MEEREFMEX MMP-9 EARRKIEKE
0.01) ;5 MCAO/R ZAHLL ,BYHWD 2141 NBP 211y 5§ Sham ZHAH L, MCAO/R 4H Y MMP-9 1k /K
ROS 5 MDA % i FF%,S0D S BB ETE(P< VPR ET&E (P<0.01); 5 MCAO/R 4 M t,
0.01) ;5 NBP ZHAH Y, BYHWD ZH (% ROS 5 MDA BYHWD 411 NBP 4H i MMP-9 353k 7K “F- B 4k P4 A%
TR, S0D T E, Y4 m 5 LA #E  (P<0.05);5 NBP AL, BYHWD 41 MMP-9 %
X (P>0.05), IRWE A ] 22 oG T2 E R L(P>0.05) (K18) .

TE A B A (025 R B Western blot BrilIZ5 R . ST ARAMIL, ™ P<0.01; SHAEAHMIL, *P<0.05,

8 i dl by K Western blot £l MMP-9 f) ik /K- (&+s,n=3)
Note. A, Immunostaining result. B, Western blot result. Compared with Sham group, “ P <0.01. Compared with
MCAO/R group, *P<0. 05.

Figure 8 Expression levels of MMP-9 were determined by immunostaining and Western blot

e SRTFARLAMLL, ™ P<0.01; 5ERLIMLL, ¥ P<0.01,
B9 ZO0-1 .Claudin-5 il Occludin & B F A K (5+s,n=3)
Note. Compared with Sham group, ™ P<0.01. Compared with MCAO/R group, *P<0.01.

Figure 9 Protein expression levels of ZO-1, Claudin-5 and Occludin
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1 : A Oceludin I ZO-1 2 8 63K MR T ;B Oceludin 1 Claudin-5 25 PG FRILIREE . ST REAMIL,

* P<0.01; SR M L, *P<0.01,

10 Occludin #1 ZO-1 . Claudin-5 2 AR D 6Tk E ( 2+5 ,n=3)
Note. A, Fluorescence expression intensity of Occludin and ZO-1 protein. B, Fluorescence expression intensity of

Occludin and Claudin-5 protein. Compared with Sham group, “ P<0.01. Compared with MCAO/R group, *P<0.01.

Figure 10 Fluorescence expression intensity of Occludin and ZO-1, Claudin-5 proteins
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MiR-379-5p inhibits proliferation, invasion, and migration of mouse
breast cancer 4T1 cells

SONG Yanmei', SUN Ningxin', LIU Chen', SONG Yifen', LI Hongli*, YIN Chonggao'*
(1. College of Nursing, Weifang Medical University, Weifang 261053, China.
2. Medicine Research Center, Weifang Medical University, Weifang 261053)

[ Abstract] Objective By investigating the effects of miR-379-5p on the proliferation, invasion and metastasis of
mouse breast cancer 4T1 cells, we aimed to provide new therapeutic targets for the clinical inhibition of breast cancer
proliferation, invasion, and metastasis. Methods  After plasmid transfection, 4T1 cells were utilized to detect the
expression of miR-379-5p using fluorescence quantitative PCR. While S-ethynyl-2’ doxyuridine ( EdU) cell proliferation

and Transwell assays were employed to detect changes in the proliferation and invasion ability of 4T1 cells in each group.
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The migration ability of 4T1 cells after overexpression and knockdown of miR-379-5p was examined by scratch healing
assay. A transplanted tumor model of breast cancer was established in BABL/c mice, and the effects of overexpressing
miR-379-5p on tumor growth and the number and size of lung metastases were observed. Results EdU result showed that
knocking down miR-379-5p enhanced the proliferation ability of the cells compared with the control group cells, and miR-
379-5p overexpression reduced the capacity of breast cancer cells to proliferate ( P<0.05). Transwell and wound healing
assays showed that miR-379-5p knockdown enhanced, while miR-379-5p overexpression significantly inhibited, the
invasion and migratory ability of breast cancer cells (P<0.01). An in vivo tumorigenesis experiment with BABL/c mice
showed that miR-379-5p overexpression significantly slowed the tumor growth rate ( P<0.05) and inhibited lung metastasis
(P<0.01).

proliferation, invasion, and migration of mouse breast cancer 4T1 cells.

Conclusions  MiR-379-5p plays a role in tumor gene suppression in breast cancer and inhibits the

[ Keywords)

breast cancer; miR-379-5p; proliferation; invasion; migration
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& A I3 Il RPMI-1640 15 35 35 1 26
HyClone 23 & ; B RNA 42 BUR #] & miR-379-5p 2%
Wbty ERHES  Ue b RS9 i
TR R R G 18 BURLIE A E
PILFE A B2 2= B A A FR A B 5 Transwell Z/NZE W H
BD Biosciences; Lipofectamine™ 2000 4 H Thermo
Scientific 2y #l; EAU 3 7 & W H Beyotime
biotechnology /A ],

CO, 2 g 1% 32 46 W4 H Thermo 2\ wl; Applied
Biosystems'© 7500 FAST PCR X W4 H Applied
Biosystems 23 F] ; CX31 W50 A OLYMPUS /A Al ;
DM4B R4 Bi H Leica 227,



o H A PE A 2R 75 2024 4F 3 A5 34 #4553 ] Chin J Comp Med, March 2024, Vol. 34,No. 3 87

1.3 ZEWHE
1.3.1 434

AT1 40050 4: (1) X BR (con) 41 %% A miR-
379-5p JFki B %F BE Bk 5 (2) over-miR-379-5p 41 . #
A miR-379-5p i F 35 k7 ; (3) sh-miR-379-5p 4H .
& miR-379-5p I BRE (b 34 Bk I 1 40 A 52
%) 5 (4) con-LV 41 . % A miR-379-5p i3 Fik 25 2%
MR ; (5) over-LV-miR-379-5p 4H: % A miR-379-
Sp i FRIBE T, 120 TR A A A T/ B Y
S FLBE /D BRI BRI BENL 74 con-LV 4H
F1 over-LV-miR-379-5p 21 , 541 5 H/hEL,

1.3.2  SERF 296 E & B A W EE N ( real-time
fluorescence quantitative polymerase chain reaction,
qRT-PCR)

JFREHE YR ] qRT-PCR HEATAGIN 20 i v
RNA $ZICL S 300 5 S5 16 Al a2 1 DL A R 4 R 1
RFRSCER™ 223 T miRNA {4 %2 &
i, PCR &M E R 95 °C 55,63 °C 305,72 C,
30 s #4735 MEH, i U6 1EAINZS, 519751
WF, miR-379-5p & RT 5|4 5’ -GTCGTATCCA
GTGCAGGGTCCGAGGTATTCGCACTGGATACGACC
CTACG-3 >; miR-379-5p 1E [ 5| #. 5 -
GCGCGTGGTAGACTATGGAA-3 ; miR-379-5p % If]
1% 5° -AGTGCAGGGTCCGAGGTATT-3’ ; U6 1F [i]
3%, 5’ -CTCGCTTCGGCAGCACA-3" , U6 X [f] 5]
¥).5” -AACGCTTCACGAATTTGCGT-3 . fifi fij 274
I3 HT I IEXT miR-379-5p AYARNT Rk HE1 70T,
1.3.3  EdU 4iffa 58 505

] 4% 20 40 L FR oA 500 pl EAU TAEW , T 37
CHFFTPET 2 h J5 575 TR, 4% 2 KW
eI R [E5E 15 min, PBS PRI 2 K, 0.2% 1)
Triton X-100 PE473% I 40 min 2247, SRJ5#F Click
RSB S LA L, A2 %00 N R EIFE 30 min 42
o SRIG ARSI A SN W 2, FH PBS 7843k
W 3 K, DAPI Bet% WS- #EA T4a A0, SCde
SR 3R,

1.3.4 Transwell 225

Transwell 28 TF Transwell /N P EfT, T55.
H 4T1 4 (4x10%) % i0F 200 pl JEILYE A RPMI-
1640 K5 3% i op ) e HL 40 A J5 i &= O JE R R 1Y
Transwell 29, N 235 M1 500 wL FBS, 1228 %
4T1 A0HE (4% 10") % F 200 L JC I & ) RPMI-
1640 5 77 F v, W40 M J5 = A K IR

Transwell |-% 1, N 2R ] 500 pL FBS #EA7H 5%,
VI SE SRR N BE IR 2 24 h 5 (8 s ik
FrEmME I 2 |, HEILE 15 min 2245, ] PBS FE40 0%
3~ 4 W R 2 b SR S MR L, 6 ) A )
POBLRTH 4 8,30 min J5 H] 28 08 70O H 58 45 v ke
FIARIET 45 min 2ty , AR FHAMRSETH, St
SLER 3R,
1.3.5 fiH@asm

52540 4T A HERD T 7S FLAR , o s T L%
L5 BEIRE 90% I, il i R ] 20 L i9kesk 3
HARIERNR By 98 B2 S 2 — 3, 1] PBS F4r k471
Ve 2 W MRS MR A AL R, SRS I T Il 37 1%
Frdk RPMI-1640, 1 i 5 T 41 IR 30 55 e ) 290 AR
BN O h RIRRE, JF2ef B IR 54 1% FBS Y
RPMI-1640 , 575 fLARES [l 5 FR A 2E AT 15 97,24 h s
PSS RIR A A1 G0 T 0 G T WL B Ji it
PRGBSI LG R 7 20 L R s O . IR A
/%= (0 h R FERE-24 h R FEEE ) /0 h LR 5
JEx100% ., ¥ HAE 3K,
1.3.6  FLAE/ BB AR R A Y

4 con-LV 4 M S over-LV-miR-379-5p 41 4l
I P PR A T RSO 2, 4 A0 B P PBS
R 1x107/mlL, % B0 B 18 11 ZOR LA E) BABL ¢
AN B AR A 0.1 mL, B 5 H,
T FMEE /I B AR A L, WA s RO 93 A AR
KN JEAREY/mm® = 1/2ab”(a MR EAR b AR
AR )N S PR AR 2 o R R K
HHES
1.3.7 WS/ B A2 4 Dl

WA 0] O i L 20T 49% 2 R PP e,
W ABE AT WSS, GE T il e B AR 2 DL K R AR
PR KNI 9, Fe LR ARG, BBt
8= 1 QIR 2x T P S+ 3x M 5% 7%
SR+ A IV REL RO R, (PR AR I 4 9% 1
2<0.5 mm,0.5 mm< [ %<1 mm,1 mm= %<2
mm,IV>2 mm) W 2T 583 43 58 il 22 1 o
ekt B Jm A5 S H, R il 20 2L AT U0 A, HE
e,
1.3.8  SREEEEN Y2

fiff F 7E 28 0 9% &2 miRwalk ( http ://mirwalk.
umm. uni-heidelberg. de/) 5 StarBase ( http://
starbase. sysu. edu. cn/) Tl miR-379-5p f4) 3 B it
,diH DAVID ( http://david. abce. nciferf. gov/ ) 7£
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L HE1T KEGG 15538 6 43 #r , ff P fUAE {5 A2k
V-5 4T KEGG £58 vl MLAL AL 3, AR FF 97 25 T I 3y
HEA TS B 43T
1.4 FitEHZE

fdi 1 SPSS 23. 0 FlI GraphPad Prism 8. 0.2 %k {4
HEATESAE (R Ak B2 43 7, T o 25 SR Al - 28088+ o
22(x x5 ) Fon, QLA AL FHA S FEAS ¢ KSR T
BT, P<0.05 REEA B EMZR . i f sy
MR 3K,

2 &R

2.1 qRT-PCR I&iF miR-379-5p 3T R ik R HL B

T WFSE miR-379-5p X FLARIEE 4T1 40 M35
1RZEFIERE I SEA , ABIF 586 T 3 28 38 F A ot
Kb YL i, #id qRT-PCR 455 B/R, 5 con ZHAH
Fb, % Guad F 3k kL over-miR-379-5p J& 4T1 4 i
miR-379-5p (R k a3 L 2.2 f5(P<0.05) , 3%
Wi 2B )
2.2 miR-379-5p #PEI/NRFLAREE 4T1 HAERYIGIE
1

Ze3t EdU 2 M 3G 58 50 560 i A I 285 SR e B, S5 5%
Y miR-379-5p XF BE TR AY con ZHAA HE , i3 #35 miR-
379-5p Bl over-miR-379-5p ZH A EdU BH 40 it % i
F AR, X 3R W] miR-379-5p 7F 4T1 43 sa e )17

L SR, T P<0. 05,

1R T EEAEH, % QbR miR-379-5p JBik:
Bl sh-miR-379-5p 41 14 EAU BH P 40 i % 5 35 T 5
(K 1,P<0.01) , X $#£/~8 miR-379-5p AE N il L 7 98
AT1 203G 5 fig
2.3 miR-379-5p #P &/ R FLBR 7 4T1 40 B (9 3F
B BEEN

Transwell IF LW 45 R LW, 5 con 4 L EL,
over-miR-379-5p 45 T % 4 i 5k B B & FRAIK,
1M sh-miR-379-5p 4281 N &= M4 e 1 2 (P
<0.01) ; Transwell {RZ2LIH LM, 5 con 4H %L
LR A0 O B LY over-miR-379-5p £ 41 fg 4 .
Fb | sh-miR-379-5p AN W& L2 (K 2, P<
0.01), #7321k miR-379-5p REME (i 7L 159 40 i
1R 5122268 132 2
2.4 miR-379-5p #HI/NRZLARTE 4T1 HRERIER
BEN

Ui A A S I RS — DRI 4T 4 3Rk
S miR-379-5p X HAEFERE I 52 ), SC 0 45
R, XFEE con 4, 3 3K miR-379-5p J&5 Xl JE X
HHRBEBRIT(P<0.01), T sh-miR-379-5p 4 %JE
ARG ER (K 3,P<0.01) ,EM 3 35 miR-
379-5p REFEARFLIRIE 4T1 40T RE ST .
2.5 3% i% miR-379-5p A iE 28 /) BR B A9 4 K
HE

SIS F B T miR-379-5p 5 4T1 4 7 |

B 1 EdU S miR-379-5p MK FLARIEE 4T1 40 A4 5E

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

Figure 1 EdU assay detects miR-379-5p inhibits proliferation of breast cancer 4T1 cells
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;A Transwell SEEGAE I HE Y miR-379-5p % 4T1 4 5 TR 2268 J1 R 0 ; B : Transwell S50 5 545 R 4041, 5 X% IRALAH

tt, ™ P<0.01,

B 2 miR-379-5p #Hfil/NERFLARIE 4T1 40ME IR 512286870

Note. A, Transwell assay to detect the effect of transfected miR-379-5p on the migration and invasion ability of 4T1 cells. B, Statistical

analysis of the results of the Transwell experiment. Compared with con group, ™ P<0.0l.

Figure 2 miR-379-5p blocks the capacity of mouse breast cancer 4T1 cells to migrate and invade

AR GS AT HAE 0 A1 24 h 5 0945 1@ A58 s B KR SE 80 B 45 T, 5 con AL, ™ P<0.01,
3 miR-379-5p /N ERFLIE 4T1 40 TR fiE

Note. A, Wound healing assay of transfected 4T1 cells at 0 and 24 h. B, Analysis of quantitative results of scratch assay.

Compared with con group, ™ P<0.01.

Figure 3 Ability of miR-379-5p to inhibit the migration of mouse breast cancer 4T1 cells

RZEMERREIIA R, TR — L T IR N 5L 5ok
B3 UF miR-379-5p TEAR N I T RE, ¥4 con-LV 21 40 il
& over-LV-miR-379-5p ZH# I LA 1x107/mL 5 £
BABL/c /INRUEZ T, 4 FLEE I it Ui A = RO i
IR AE (o) HAEAR (D), el IR AR Kt 2, 25
Wi i #1k miR-379-5p 1845 7% LU Bl over-LV-
miR-379-5p ZH/)N R MR AR K3 B /N T con-LV
H, 27 BEAgI 22 X (E 4A,P<0.05), 19 d
Je AR B /N B B R 40 BEOWLEE over-LV-miR-

379-5p ZH fiEE AR AL 5B /N T con-LV 4H (&l 4B)
con-LV 20 8 () F- 3 8 & J& 0. 45 g, over-LV-miR-
379-5p ZH A V-5 o f 2 0. 21 g, 9 2H b g i i
ERHAAGIFE X (K 4C,P<0.05) , 454w
miR-379-5p BEASHMH] BABL/ ¢ /N B P g 2 K i
FE gz b Rg v p fig
2.6 miR-379-5p M&I/NRZLIREE PR 7%

B 5A i, WEL/IN U 8% 2 | con-LV 41/ B
Jiti 2 T AT UL B S A 5L B8 kb T over-LV-miR-
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. A:BABL/c /INEUE T M /N B WRAL/IN U T g SRS L s C I T i, 5 con-LV 41AHEL, * P<0. 05,
B4 miR-379-5p #Ml/N U AL

Note. A, Subcutaneous tumour size in BABL/c¢ mice. B, Comparison of the appearance of subcutaneous tumours in two groups of mice. C,

Tumor weight. Compared with con-LV group, *P<0. 05.

Figure 4 MiR-379-5p inhibits tumor growth in mice

VE Ao/ RUBAR 0058 B I RS K0 C T A HE B¢, 15 con-LV 4LAHLL, ™ P<0. 01,
B 5 il R

Note. A, Anatomical observation of lung in mice. B, Number of lung metastases. C, HE staining of lung sections. Compared

with con-LV group, ™ P<0.01.

Figure 5 Lung metastasis detection

379-5p A ARBH ., 5 over-LV-miR-379-5p # b,
con-LV 4I/N R R A H B 3 £ (K 5B, P<
0.01) , HE ZA0] UL con-LV 4LfFHE K/INAEH
Jif g kb, 22 UL K R b g AL T over-LV-miR-379-5p
ZH i Jgg kB 2D F con-LV 4 (K 5C) . Ak RS
ML, miR-379-5p HE % 10 il /I B ZL R i 40 i il
ek,

2.7 KREEREWESHT

18 1 miRwalk 5 StarBase ¥ % & #1555 miR-
379-5p AHEA5 G BYSERED , SR 5 R T 45 2R A iese
5 135 346 > H A FEIN (B 6A ), Kefifi pk A 21 A4 2
i KEGG & 841, 45 R /s miR-379-5p YL
PR S 5 SRR AR DA 58 B MAPK {5538 i | p53
R FI R B NBRSRE ( S i AOC (18 6B) .
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AL TN N 1) R B KEGG 3 55T miR-379-5p ST4h A $ 3 5 1) & AL 1 O
B 6 eIt EYFEar

Note. A, Venn diagram for predicting genes. B, KEGG pathway analysis of the enrichment of target genes bound to miR-379-5p.

Figure 6 Biological analysis of key genes

3 it

[l P s oS HILA & 1 GLOBOCAN 2020 4F-
FEREER ST W | 4 BR A AR R L M i e 191 e
220 J7 (11.7%) , P 3L B 988 58 T 0 0 4] 55 35 70 J7
(6.9%) , FLIRIEE Y & 3 0 2 il , % JB 3 1)
A o i B A A f R 3 B T R R A
Bl 2 3 AR X FLAR IR AR 2 IR B AR AL RS FER
ST TS T — & Wik RIG 97 5 KA 2 R T
BRmR o EREA T,

ZFh miRNAs 1] DLFES T F B h R R, 2
SRt # . et X = 4E T, miRNAs 5
AL Z [ RIS B T Tz iR gE T AR L
Jdis A T AR T 322243 S W T 0 B0
I & AT miRNAs A DU 8 R R I
DL qRT-PCR 555 kil 2], Hok LR AT & AR 1Y
I AEFRI e AT RRAVE AR B2 Wr sl 3SR
PABIRT T

miR-379-5p T8 iiE B 76 5 P4 5 v 473
FEANHIR T M a7 e S g 5 i v ) B e )
MHIFERS S BEAEBFSEUE B, miR-379-5p 7] LA#p
LIRS 4 MDB-MA-231 67 (22 ",
{8 miR-379-5p 7E/NERFLAR I 4T1 43 b i /E FH w4
NG, AP SR RN RS EE R R T miR-
379-5p EFLIRE TP R EMEN ., £V ¥ EEE DR
7, BRUE 5 A JE miR-379-5p BYE R 751 — 2, 8 T
P2 % miR-379-5p X FLARIE: 09 5 W), A 5% 18
1 H IS 5 UL 5E miR-379-5p X 4T1 20 Ml A= ¥ 2% 47
SR IE T, S IR B A 3k miR-379-5p REH

il 4T1 4035 AR 22 FERRE T, 1M A fIE miR-379-
Sp R EIEIE 4T1 4R G R 58 A2 22 FER I PE R,
XIS IGIE miR-379-5p AE W% 16 L AR h & 15 1
HVER 2530 ST S Y RRR 55 UE miR-379-
Sp T i JE 1 5 B 7 1 R A, 256 25 SR R B, miR-
379-5p &L FeIkJ5 AT LA G AW 4T 40 A Y 38 5,
I e 1 I et A FR S A B S R AIG, L X Bl A5 A
WEERIHIVEH, X AR T miR-379-5p
XoF LB A BRI A

5 2% ) miRNA-mRNA [ 2% #] DL 3@ i — &b
miRNA P 5 [A] 4 88 0] 50 A Al mRNA Sk 90 5 41
W ARSI R . AT A X TR B s
JPETRIN Y #0358 R AT KEGG & 4 73 H7 45 401, miR-
379-5p A O Bk Ik R 55 2L g AH OG5 538 % L MAPK
{55 HA BE A, I BRI, A
AR N 5 RSN S B AE T miR-379-5p AE S 5
FLMRAEE 5 R R MR N 156, {H miR-379-5p 7%
T3 L MR e Tl B e LRI ) R R R
AR AR AT, O BCHBRATE S5 T A,

25 LR  FEARE G iR AR N RS S I
AERR T miR-379-5p A 11 il /1N BRLFL AR 968 4T1 21
MR A A2 28 R RS, AT A8 22 JMogs i A K 5 7%
. VLB miR-379-5p 7EFLMR I A A & SR b R
BRI R I S A LR Hh B IF 5 4R it A
%, A O RIS L IR YT FURR I AR

SE Lk
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Establishment and evaluation of two common pressure ulcer rat models

LIU Yi', LI Xiaolei®, LIANG Xinpei’, WANG Na*, MA Shan*, ZHANG Xinping*, JIA Rufu’, ZHANG Su’, LI Xian**
(1. Graduate School of Hebei Medical University, Shijiazhuang 050000, China. 2. Hebei Center for Disease
Control and Prevention, Shijiazhuang 050000. 3. Peking University People’s Hospital, Beijing 100000.

4. Hebei General Hospital, Shijiazhuang 050000. 5. Cangzhou Central Hospital, Cangzhou 061000)

[ Abstract]  Objective A comparison of two method of establishing pressure ulcer rat models to determine which is

the most suitable for experimental use. Methods 18 male SD rats were randomly divided into control (n=6), model A

[ EE TR 1WA T EHE 5 2% 2020 4FBUF YR BIIG R EE 22 AA 8737500 5 (3 DIpRHE[ 202111 5)
[EEE A IXNZ(1999—) 2 Wi A B8 7 ) GRS 3, 3R B E-mail :liuyi123611@ 163. com
[EBEMEE 120 (1966—) , 2o, #0821 AE S0 WS 5 1) . e DR AP 4P A4S 3 2 AR 9 3, E-mail :lixian1966@ 126. com



94 ] P B 2 ks 2024 4F 3 HER 34 55 31 Chin J Comp Med, March 2024, Vol. 34,No. 3

(n=6) and model B (n=6) groups. In the control group, iodophor treatment was given after hair removal at the simulated

modeling site. In model group A, longitudinal compression was performed by simple deep-tissue foreign body implantation.

In model group B, transverse compression was performed via the magnet compression method. The times required to

complete the process and for each stage of pressure ulcer model establishment in each group were recorded. The general

condition of the rats was observed, and the modeling rate, mortality rate, and infection rate were compared. Results By

naked eye, we observed that the model A and model B groups gradually developed redness and swelling, ulceration,

bleeding, exudation, and necrosis. Comparison of the whole time to produce pressure uler between model A and model B

groups ; the difference between the two groups was statitically significant ( P<0.05). Comparison of the time to produce

pressure injury between Model A and Model B: The difference between the two groups at stage | was not statistically

significant (P>0. 05) ; the difference between the two groups at stage Il was statistically significant (P<0 05); the

difference between the two groups at stage IIT was statistically significant ( P<0 05) ; the difference between the two groups

at stage IV was statistically significant (P<0 05). The mental and sports scores of the rats in the control group were

significantly different from those in the model A and model B groups (P<0.05). The general state of rats in the model

group A was significantly different from that in the model B group, and coat color was dimer and activity decreased in the

model group A. The modelling rate of rats in both model A and model B groups was 100%. The mortality and infection

rates of the model group A were higher than those of the model group B, which were 33.34% and 16. 70% , respectively.

Conclusions Successful preparation of a four-stage model of pressure ulers in both modalities. The two method have both

commonalities and distinct characteristics. The magnet compression method required less time, the rats were generally in

good condition, and the mortality and infection rates were low; thus it is suitable for short-term intervention research. The

simple deep-tissue foreign body implantation method took longer, required rats to have a certain level of tolerance, had high

infection and mortality rates, and is more suitable for use for long-term observations of pressure ulcers.

[ Keywords] pressure ulcer; rat model; method
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Figure 1 Modeling process of each group of rats
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Figure 2 Model group A Model group B modeling situation
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Table 2 Comparison of the time of onset of pressure ulers by stage
Gl B A 4 FiE B 2
gl:gyj: M(Tij:gmug A M:i;:grouﬁ B MeanDiff(95%CI) ! P
I 2.92+1.02 2.50+0. 00 0.42(-0.65,1.49) 1. 000 0.363
I 12.92+1.02 7.92+1.02 5.00(3.34,6.66) 7.746 <0. 001
1| 80.92+2.78 34.83+2.04 46.08(43.07,49. 10) 39.320 <0.001
v 130. 83+2. 04 54.67+2.58 76.17(72.58,79.75) 54. 622 <0.001
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Table 3 General status scores for each group of rats producing different stages of plessure ulers
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B 5 KRR BRSITED WE

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

ek

P<0.0001.

Figure 5 Observation of general status score of rat
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Exploring the management innovation mechanisms of emergency science and
technology research projects in the medical field

CHEN Yujun, SU Meiyangyi, WANG Qingxuan, GAO Ran”
(Institute of Laboratory Animal Sciences, Chinese Academy of Medical Sciences, Comparative Medicine Center,

Peking Union Medical College, Beijing 100021, China)

[ Abstract ] Objective  Emergency technology research projects have two key aspects, “emergency” and
“research” , but it is not always clear how to effectively achieve the desired result. Organizations that undertake emergency
technology research projects need to develop reasonable project management mechanisms to ensure their successful
implementation. In this study, we investigated the current problems faced by those managing emergency technology research
projects in the medical field. We researched and analyzed possible measures to improve the efficiency and quality of
scientific research management. Methods This study leveraged the author’ s practical experience to investigate the current
status of scientific research management in relevant units. Questionnaire surveys were conducted to ascertain the
management aspects that most concern scientific managers and researchers. The problems raised by the survey were
categorized and discussed. Results Through the research, we found that (1) at present, there are few management

standards for emergency technology research projects; (2) the issue of greatest concern for scientific researchers is
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administrative approval and project funding; (3) the issue of greatest concern for scientific management personnel is how to

meet the management requirements of higher-level units and the needs of scientific researchers under the premise of legal

compliance. Conclusions

Emergency technology research projects have unique characteristics distinct from those of

conventional technology projects. Management optimization can be carried out in terms of project approval, funding use,

resource allocation, and safety. This study has provided innovative solutions to improve the management of emergency

technology research projects and a useful reference of the experiences of various scientific research units in managing such

projects.

[ Keywords)

project management; emergency; research; medical
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Figure 7 Links that can be optimized in project management
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Autophagy and neurological diseases
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[ Abstract ]

Autophagy is the main degradation and recycling pathway for abnormal aggregates and damaged

organelles in cells, and it maintains the normal metabolic balance and material renewal in cells. Autophagy has

neuroprotective effects and can affect the functional state of the nervous system by regulating homeostasis, development,

apoptosis, and other physiological processes of neurons and glial cells. In recent years, a large number of studies have

shown that nervous system diseases are closely related to abnormal autophagy, and inhibition or overactivation of autophagy

affects the occurrence and development of depression, neurodegenerative diseases, and schizophrenia. Understanding the

mechanisms of autophagy in nervous system diseases is of great significance for their prevention and treatment. This paper

mainly reviews the current progress of autophagy research and the above diseases of the nervous system, providing a

reference for further research into these diseases.
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autophagy ; neurological diseases; mechanism of action; research progress
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Figure 1 Diagram of the molecular mechanism of autophagy
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W R B, ArgT B I 1Y 2 LR BE ( dopamine, DA ) it
ZouH A MR T R i E AR E R
FFAEMZICR FE RS #5557 EB Al 3@ ad $2 i
LC3B- I (AR 7K - M3 11 Wi — i B AR & 4%, AT
ZE i 6-F2 22 EUM/BUIR MR XT DA #2803 B A 4
PRI B 5> 1 2E 7 B E i B0 PISK/AKT/
mTOR 8 0461 I W, 20 1 08 P i it i K R0 P
J T2 B it DX 20 U 1 235 R 400 1 RN 28 e A8 P T AE
25T PI3K IS , Moot 5 ™ i, HAE S AR
g 20 TR R ARL /N B ULKL 7%
REKFZ A 8 JF 5 75 SR8 3 B0 il
AR Pt SE A FH 0 SARMI 2 A7 AE BLAEA .
PERIEY . AW Im ) 3-MA 2 B W AE 224> 07 I
S5 T Mg E s,
2.1.3 PR ITT

F 9 S B, 76 PR A1 4 28 o0 SR A B AL oy | 28 35T Bk
P 1 (sirtuin 1, SIRTL) #0807 4b ¥ 5 4 22 o
P T K B SR FRAIG, 5 DL R B, mTOR 28 1 7K~
R LC3B /K 2% b, W] SIRT1 ] fgid
UK (T EZSTE R TN Ry EZSTH 0N N Y .|
T35 Staurosporine ZbH YR ZETC N, I T-Hr &
¥ caspase3 PP IE fE #E T Beclin-1 F9 24 i, 5 i
Beclin-1 HA7 caspase3 Hu 4, W fig ik 2 42 = # £480¢
AEIE 2 IR PR 22T K | IX B 7R Beclin-1 A1)
/& caspase3 A SHA IR TS EEAE BDY b
BRI /N BT H BRI 1 2 5T B i o o [X ol 2
TUAETESS R85, LA P8 T2 85 1 A1 Beclin-1,LC3B
JKF-B S 48 DL B2 AKT PI3K .mTOR HY#ERR 1L /K -
REALG, 7R Gt B 0% Sy 2 B IR 3 25 /) L
S 2o AR TR T RERLE 2 —
2.2 BESKRZM
2.2.1 PR B AR A

WS R B, MR T /BB Ag7 PR /N B
RO BRI IC Y3 2 | /D 58 1 Jo A4 i % 4
T I RATT A T A VR T B I I IR AN I
i, Ho p-AKT ., p-mTOR 1 p62 25 {4 ik B W B
i, LC3- 11 #1 Beclin-1 ik /K F L1, 1L-18 il TNF-
o WRIFERE 2 B IR 2 nTNE _F R O, m 2
TEJe Jo 400 i i 4 ) AKT/mTOR 8 5% 1 175 5 1
AT A E R RE S I A4 b 7 38, B G 40 e A7 0
RUT M REBR AtgT 5, /0N S5 400 H A i A
RAEESOARSELAR GBI tau (99 HOE
2.2.2 I e o A i

2 I A L 3 B T Ak 2 5 i 2 Bl 48 R E

LT I A TS T A M A 1 b B
Atg5 BRFET RS 0 ] R A8 0 /N BT 40 B, JF
5 AR B A 28 9 i e i /N SR S IR
L IR AR T AR G B T FUS I RAE, iF—
R R, FUS JRAEY AT FELL30E A W, 25 38
LC3- T8 /K, e 2 S 80t i A s, A a0k 2 00 e
AR TG AL K A e 3 i A 2E K R 25 X
FEALE VB0 | H Beclin-1 FI1 LC3B £k FTH, & A
W75 557 Tat-Beclin-1 A0 PR 5 | /N B8 5T 40 ffd {2 35 3%
b, JAE SNk — A e
2.2.3 PR T AN AR A

JINE I 440 L ) A AR TR A SR Rl (1) A5 R
b M1, 38 5 20 WM 26 TR 775 & RAE , I X #f 22 3)
REMPLE ; (2) A 25 ik M2, 3 3 73 W bt 5 -l
AR AE e i LUK, BFE R B, & A B 9
AEFRE /NS M1 Bk i 2238 R, M2 #l Ak
IR 1T TCILAE 155 10 4 248 R E A5 3] 22
[ A 1 Beclin-1 1 LC3- 11/ T AR5 H 44 m
1Ml p-mTOR F1 p62 1Ak FEAIK, £ 7R &0 n] 38 43 9 5
mTOR 38 7175 5 [ W5, I /0N e 5 41 i AL M1
et M2 e fb R R b e R E L R R T
TNF-o 3813 AKT/mTOR 38 0 [ W, 75 5/
YA M1 WA AR T (8 FH R A A K 0E A v
AT LA S /N B T 40 L AR 0 T IR A 1) M2 36 B
A1 AEBR /N BB R AL SR A R 1 Sestrin2
I A H mTOR () 3% 35 1 30 A W, #2551 LC3-
I/ T i HCE IR S T /N BT 20 A 1) M2 4 fb &
NI R A2 A

3 BESWMEZRFER

3.1 BESHERE

FVEIAE Ja8 155 SRR G ol B0 i DR 22 R B R 5 A
S IZ A A AR T | PRI 2K | e HIR DA R0 st B 11 3 4
IR HIAR B B S B A A R D A 2R
A1 Bt 22 T A 0 R ST AN B S
HOR 2 ISR BT, A BET RES 5.0 BV A 5
MR Be I R R, AR UV 2
W SEINARIE B TR A5 7 [l %o H B8 S AE S8 2 AT
JOURE B, FA B B A mTOR (4 306 1 ik 3 384 o
PN FREEAN Y AR R S N B IR
FEAT R, Tk 390 JF /)N e J5 40 e A 2 T T I 4 e 0k 3%
%, 6] IV 4 22 50 p-AMPK | Atg7 ., Beclin-1 £l
LC3 /KE R, 1 p-mTOR F1 p62 K- Fhi , #2855
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PEAR 7 S A HEJHE AT RE J8 5 AMPK/mTOR i % 417
il A W T B0 A ABAEAT A 5 48 F WA T R 7 R
BERIVITIE /D B ARAEAT 045 B 08 3 7T BE
5 WAEE 2 M mTOR 38 B, W0s B W, M 7
e AR ORI 2o 2 PR TIRYT R A/
BRI T A5 21505 L AtgS Beclin-1 Al LC3- T 1)
FEIRI R A B, /0N IS 5 A A AR S 1 IR SR 5 )
BRUPT 1 W0 o 1T 5 & AR, 26 1T 5 1 K 7= s AR
DA% HN 2 2 BB PRI 0 — MR T 259, & 9GIEB
HA MG ER Y W38, 2 5] i 76 4
PN AMAYAIARIE Y v X B 2 FE TR 5 E— 20 AF
GER B, %A% 5 i T 308 Ao A /)N B I Bz o i 28
JCH) AMPK 8RR AL, 4EFF 0 SRR 2208 H R, M
i R A CEAMAR A FH

IR I3 IF 58 25 2 B A Wik 1) 3 32 4 of) 25 5|
JAWARIE | HOE A W] SE AR RE IR {H A B 5
M, A REXHIMARAE AE R TR, A R R R O
SN A 22 TR0 RUE i e on R T A
HR AR DR Rl AG I 9 By CAT IX Beclin-1 Al
LC3B-1I/ 1 0y % ik b F+, M PI3K, p-AKT F1 p-
mTOR Y335 TR, BLHTHAFETE B W0 5 1R
AL AT B s K B SRR IR, HLRE I e EaR 1
B, R WTEH IR A2 7 AL AT RS2 38 3 0 PI3K/AKT/
mTOR 3 B0 ] [ W3 17 & FEBTIARAE FW . 2l
(), ) 72 i AT 38 o 0T mTOR 38 i 30 ) ik BE [
Wi, DA A 35 2 fifk 12 1k AN mT B PR B R N I
( chronic unpredictable mild stress, CUMS) K & (1 4
ARAEAR' ", B AR AE £ AFAE A MR IR LC3
Beclin-1 fil Atgl12 Ak FIA . HTaAR 2y &k
IR 6L P 7T 2 T e A D A B Rl 2R 0T
TR G

EUHT, JC T HIARIR AT 1 W5 YT 30 2 410 1 1
KA T, HWFIE K, Beclin-1 F1 LC3B YR K
5 T AR 2 A5 003 J BBURE Bt i) 1 2 T i s 28
AR FE CUMS 345 AN [ B Vg B 1A 1R ] pf 2
TCAEFEANIRI R BAE AL PR, AR AR S T
I RS 1 AN [6) ] B 5 A [i] 3t AR 14 Ff ) LA B A
IRILIEE P
3.2 BHESM/RRXERR

BA] /R % T 2R % ( Alzheimer” s disease , AD) {5 Fk
EARPRAE , I R 3 23R B A R I 25 B i i
PCT IR PERS VB4 | o PR AL T 52 i A B-
TEMIFE SR 11 (amyloid B-protein, AR ) R LI Al & 4F
B (senile plaque,SP) LA tau £ H i BE B IR 1L i hl

YA 25 £ 2 98 25 (neurofibrillary tangles, NFTs) , H
I — %5 i 1A 345 42 (autophagy-lysosome pathway, ALP)
ST N A R R R AR, 2 E WD RE S
BF, P AR R tau 2 11 R A RO i 2 A 1T Kt
HEBL A0 & A D RE R AR AR T A
mTOR I FIVE FH 0 K7 i 2 F 22 U m] AR i
# KX AKT/mTOR il #% i) AR 14 B, [5] B 38 5 41 1
tau BEERIL' , BFFE & BL, AD HE AL K e 2 o
FETER & SP UUR, [l 2 B, T S pf 22 o0 v A Wb
ICY) LC3 ARG Z | M BHASRICY) Lampl 3R
IR P S IR BEA 3K $ s 1 W 4 R il
AR5 e BEL T 5507 975 i Ak 1) 8 i 0 /b, 3 B0 AD
RFG I 20 [ WK R 78 AD /R
L 21 [ A & 3R, Beclin-1 1 LC3 ) mRNA FlEE
FIKSF- 34 5 & BRAG, LC3B- 11/ T FefE A i T R,
VO HAALE A WERI R 7 K o CAL X 525
ICACHINHIRE 300 56 F fie R 0, i XA 2808 F I
DIRE K A= AR AL By 52 i) AD FRE B 1S . BFaR 3R
B, BT RI6Y7 T B 35 008 AD JBROE IiC 12 BN AT s
i 6 AR HLER AN 23 BL I 2 — D R B,
HTHUE ,AD KBS CAL X 5200 A I
BUIAASCHY e IO/ MA R IA BT 1 o, 487 F B AT g
AT 200 A WK P I B AD SERTY £
il AMPK #2551 mTOR #1151, 408 A7 R —
HHSUNIC, S48 E ) PT84 e i 48 7T A /K F- TTT A
RO/ AR R A BA MR ICAZ A I BE
M AE BN S 230 0 BT R R T B Y T TR
EIL7/ R
3.3 BMSTEWEEE

S IEHEEETAE ( Huntington’ s disease , HD) /& L)
PZEBERS AN A B E LR AT R R I R
R 2B AT | I 7228 A T 5 5 0 K ik
W2, Hipi 22 5o N ) 2 SE 585 ( Huntingtin, HTT)
N = i i 4 22 5 4 B Bt e 7 47 ( polyglutamine
polyQ) T 28 5 | J& Jii, 5¢ 78 HY 5 4& il 75 1 ( mutant
HTT,mHTT) . HTT REAFRRT F W E A o AR
fdi I mTOR 46l 57 B0 [ wE ] DL in HTT A Be iy
TR, W AR EM R HD R,
Beclin-1 #id RIA 6B B mHTT 24 W -9k &2 34
P2 JC D) B, (0 AE B T, mHTT 2R 4E B | O 461 3
Beclin-1 48 (1) A W , 5 BCHTIC 7L 96 %% mHTT A9 4H
R RN B — T LR A
mTOR P57 1) F Wi i, R vk B8 i L 28 8% 36 3 B i
FUAR I H T A5 5 B R B SR B A
WFFE R, AU b Y- AT 38 Aok ST 28 J0 1 W T 1 5
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mHTT B3R, M3 BoHD /N §LAY iz 3 1h 1 fig
F17 TRl A R A A i A YACT28 /)
SR B SR IR AR, WS /0 BRI B Wi, M1 A Bl
F mHTT WER . LLERFFE R, A WEAE HD
A B TR S BEAE R mHTT T2 . (HiA
o245 R, R6/2 BRI/ R AE HD F 401 B i 21
mHTT RN (B IR [ VK0 B s
3.4 BESWHEHRRK

A4 5% ( Parkinson” s disease , PD) & DA B 8
HIXHY) DA R TTIE AT Iz MR R A R
TR 2 A VERR , Hoph 2 0 NAEAE LA o A% 5 i B
H (a-synuclein , «-Syn ) Sy 3222 Bl 43 10 W8 R PE 4% 2 /1N
A I PR S 22 R B LR B e 1k MR L) Kz
BN, PD BE N a-Syn KA MM & A R IT B
HRE BRI MAENE a-Syn, HFEE T HWR
RHATRR MR, PIZ o0 N A I S 0 ) 2 S B0 Pk
B AN B S ¥ o 1 R HE AR 7 AR 4 B vz A
M"Y, 2K R B, PD B E K
PHAH O XS AF 7E H WD) RE A2 51, 4N B BT DA 4il g v
18 T B T A B /DN I S5 AT L B |
8 1 2 2k T S B0 B B0 4 R FERE IR
AR, FE MPTP 755 19 27 A1 2 M PD /) BRUASE
R NI AN AtgS B9ERIC AT LUINER /N BRAG 32 30
BEfig Al DA fh £ AT MR AE X F N370SGBA
SRAF EUAY PD , RH [ %) 356 T 25 BELAS 9 0 — S 1A
(I RE , oo AR A i b B W 25 A A p62 AR ER
feig 55 Ut — 2 AR BRI TR A 7T AT LA
FEAK PD (9 RS , i — 250098 & L, e BT FE fRAth 7T Ak
FREG MPTP #5145/ BUE DA #2850 v 1 05 18 1 1%
T, LC3-11/1 By He B B 2 E 8, [A] A -SynSer129 )
FEIRAKT AR, SR BT FC AR TT T B2 i Ll A
MW VT A3 1 4 AR IR 3 A T 3 B ] mTOR/
p70S6K 38 FE I F W , AT AL 2E 0 42 AR AR A K BB
JEECE P o-Syn BYE BR, B 0 AT AR
Y DL ERFIE R, AT REZ 5 PD A AT HE
RIRHIL 2 — , $2 5 WK AT el A 4 ARtk
3.5 BESHEHSRE

K 4y S GE ( Schizophrenia , S7.) E—MiT kT
T R A BT I 1 02 P o RO Ao e A, 32 R IR TR R

e SRR S AT N ONETAE 2 5 R RS s

LI BRI TRk 2R R, A
WERRE M SUE R KRN ERE S 5%, SL BH
(1) [ WG AF DG JE PR A6 S0, 24 H sz 3 s, BUER 1Y)
R = S B A ] P A A R, 51 R 2T i fE
BERG S XIPEIG SZ HE B K o B & B, A A

MFTAG T K2 2 mTOR £ [ Y 2% 35 F 8% R 1L 7K
PIREAIE, Ui mTOR B35 PE T B, AT BEAF7E F WK
T BRI B, ULK2 24/ B2 H BIORS #4024
FEREAR , HERT#inT f Z 40 N Y p62 £ IL L
P&, $Em A WA FRAIG, T 28 A WS S R I R
KPS, ULK2 226 /N A p62 7K F o H.
SRS B R FA N AT S A B S AAE
JE— AR SR BUAE Ff 24, X6 T E A ME A M
it B R R, WEE R B, S E A T Ab 3
W BB T B2 2 P, AMPK , ULK1 1 Beclin-1
WAL KT, LC3- 11 Al Atg5-Atgl2 BE W& H
ik FVH 7 B B s HE W AR R T
T B2 WG BT 5 AR AR AP ST AMPK 4141 71 4k
G CJa, LR K332 21 i 2 T, Ul
RV ] 68 S 38 o /5 &0 2 2 B AMPK/ULK1/
Beclin-1 15538 BTG FWETT 24557855, ok
LTI TR0 400 F WE ] B YOS R 25 8 7
HAYFRLA ML 2 —

4 NESRZ

i b RSB I RS2 RGP K
A R R S P ek SR A A T, i A e D) T
USRS AR ROAEIR | 33K 5 I A 40 e DR 3 AL )
EA =B H B R T ARAE Y 945 1] /E B A XL
AR WA KL SZ 8 FEIS K3 A
MR K J2 A7 A8 B W, X nl BB SZ /A 4R
AR BUR P25 261 Bedh, A WEAE HD [ 5
RGBT A PR AR O ASAHIR > R, Aok
A HE— AT H WEAE A R BRI Y
ZESE , REAT BTl R 0 175 B B e 46 5 3 14 LA
FI A AT A 2590, AT IR S AR T RICR
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[ Abstract]  The psychoactive properties of cannabinoids are well known, and there are controversies over whether
cannabinoids can be used for therapeutic purposes worldwide. A°-tetrahydrocannabinol ( THC) is the main psychoactive
substance in cannabis. The neurological mechanisms of THC were only recently discovered, and its neurological mechanism
of action is still not fully understood. The blood-brain barrier (BBB) is a very important structure protecting the brain and
is the first line of defense preventing foreign substances from entering the brain. THC’ s lipophilic nature and its interaction
with the endocannabinoid system make it more likely to act on the BBB. In this paper, we review the neurotoxic effects of
THC, focusing on its effect and mechanism of action on the BBB, and provide a theoretical basis for studies elucidating the
neural mechanism of THC.
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ERIMHEY) KRR 2t 545 Fp Horh piF ot i)™
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g PG ZERIBR ™ T 10 3 b iz il ELxE DL
il 2 AT, T A T THC ZE45 Fh A= i AR i
YER, DL R Aer A5 80Pl Bl B i) g A AU

1fiLfi%i 5% % ( blood-brain barrier, BBB) /& £ il /&
BA5G (the neurovascular unit, NVU) B0, EFEME
TCLHZURNA AN AL 0l 7y I A5 X 2% 22 [8) T 1 F 38 P
BB, FT LAGRAP K 5032 1 ok ) Joude 28 458 s o 1f i
BB, 23 T B K B M 25 W ik A KRl hin i H
T, DI 2T 07, & 2 5 2O E R 40
JRIAN DA 32 A TR A v, DA T ) e 5 2 s 1) 3 i
WO o o3 — 5 T, B 24 W) 5 3 B 403 1 ik e R
RIEMZREIEMATSE, T % THC Xt BBB 4E
FHRTRESN THC B4R FHAH 5 4008 9 i 5 S8 B
I, AR SCESE T THC 78 BBB H B9 48 FH S AL, 45 51
KA 241 5 T A9 BBB, TR A T f# THC
AR EIAIL A R S0 52 e, S S by 380 e JHC 25 B0
DM AL IR ) A FH AR/ 3L

1 A-MEXREBHZAESEER

THC J2& K 28 KRR 2R A 3R 6 A T B 32
By, W E, HEH (1) B2
Mechoulam F Gaoni T~ 1964 4E#fiE M . FeT KR
IZGHME, B %F T THC WA 58 46 T8 B4R
i BURIER . RRITSE &I THC X i il 48 &
Gt —E 1Y SZ R, ]S AT AR R B S
£) e FIBETES o KA THC S LA =2k
WA, IF AT B A HICAZ 5 RS A o AR RN
I8 FH 2B WA B L R AE.
PR FF UG OCTE THC X HoAth 5 48 2 FR I e A 5%
ma, A B R AT M R & R
iU AR &N L OB RS TR IF & THC
I FIAIFIER S THC RIBFSE & R T RE A , 56
T THC BB MR IR, HETRF 2 Z AR
THC RV
2 AN-NSKRKRES NIREX R RGH1E AL

R KR R R 4 ( endocannabinoid system,
ECS) 345 N 8 P4 K K Z ( endocannabinoids , ECB) |

EANTR A5 AN o3 A A QIS L KB AT T A LAY
SR e R ARAE T WIS K B PR R RR R

Bl 1 A-PUSRRES (THC) B {2454

Figure 1 Chemical structure of A’-tetrahydrocannabinol
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VU5 8k H 911 ( 2-arachidinoylglycerol , 2-AG ) J2& P F i
FUIR ) Z BN IR PE R IR R . IR E e aRaE , T
THC 5 AEA Z5#4 E BRIk, THC 75 W 1 34 i
ARG RS AEA AL AR E R0

THC il 5 N IRV 0 5 B A5 - P 24— I8
PERIR R R GEAH EAE FE 7 Az T2 19 24 38U HT, 4 ]
&5 KIREZIK 1( cannabinoid receptor 1,CB1R) Fll
KR ZE 5Z4& 2 ( cannabinoid receptor 2, CB2R) i FHH.
YEH, THC #if7E CBIR Fl CB2R 3843840 o)
FIRMRL AEA F1 2-AGH B AEX 2L Z 4K LAY TG
PE S VF 22 A BRAKON A 5%, T4 i i R B Ak e I 1
I Ca™ WYL, B/ PR R AR 14T LRI 1 VA A
TP S PAY o) R B 3 RTINSO 22 53 24 O
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IREE G RARERT (£ 1) o
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S5 ) W A LR b 24 R HEAE T It i R P B e ki
WIS N K2 48 M ( brain microvascular endothelial
cells, BMVECs ) Fll X %% i% 4% & H (tight junction
proteins , TJPs ) 20 il , 5 11 28 1L 45 PR 5T 1Y A 21 W58
53 (RPE IR S5 40 FfL /08 J5 5 240 L o A5 ) il 5 e 4
JELJE AR R 2T ) S AR, LA BRI S R 2 R
Gy Tzt . SAMNE N B4 AR L, BBB
[ PN R AR A AE — SE R IR 0 200 BT 2 L 2F BIRR 1 A
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1 THC 5 CBIR CB2R Z AN HELESZ (A i 1 #L 1
Table 1 Evidence that THC can target certain established receptors and/or channels other than cannabinoid CB1R and CB2R

32 R B i Al W
Receptor or channel Effect Concentration
e S

w B #f‘w , Bt 1Csy=7 pwmol/L
W opioid Displacement

w BLFREZIR s ECs=21.4 pmol/L
W opioid Dissociation

& BT R AZ 1A fiee & EC5, =10 pmol/L
d opioid Dissociation

B-B LR Z ik Ha

3&10 /L
B-adrenoceptor pmo

Potentiation

+
5-HT,, f”ﬁ IC5, =38 wmol/L
Antagonism
s Jat
HEMZIE (al) Hilk ECsy =86 nmol/LL
Glycine (al) Potentiation :
Hilipsr N
HRRZIR(alpl) ik EC5)=73 nmol/L
Glycine(alB1) Potentiation °
=S 2 A uag
HRmZIE ik ECsy=115 nmol/L
Glycine Potentiation
T RIE5IEIE (Cay3) EnET
. . e 1 pwmol/L
T-type calcium (Cay3) channels Inhibition
Ky 1.2 #fid 8 |
o A ﬁ“ﬁ’tj ICg=2.4 pmol/L
Potassium Ky 1. 2 channels Inhibition
TRPA1 (%k{ﬁ 20 pmol/L,400 pwmol/L
Activation
TRPV2 sl ECsg = 16843 pmol/L
Activation
PPARy (%.k{ﬁ. 100 nmol/L,10 pmol/L
Activation

TE O L WO 2 A T BT FE DU R 5 T 00 52 U 5 B BROPRR A8 255 7 A T P T A A5 )« o SRS S e TR A DA 285 45 A58 4 7R 5 5
VT« 0 SR SO PO 5 AR R ) A P B i T e R AR S

Note. Activation, Activation of a receptor. Antagonism, Antagonism of agonist-induced activation of a receptor. Displacement, Displacement of a

radioligand from a specific binding site. Dissociation, Acceleration of dissociation of a radioligand from a specific binding site. Inhibition, Signs of

inhibition of channel currents. Potentiation, Potentiation of the effect of an agonist or enhancement of ion channel currents or ligand binding.

TE BB 1, A0 U0 Y 1) 55 %% i 4, & BBB P
I R R A R 1) SC B 4 s ORI B i, X
SeREPE(S BBB A Rr ik 1 37 M SR AL,
F L5 M RE , BBB 38 12 B il i7E A K ki 1 9 Jo
izt B P 2R RE R | SR Al RN AN A R
A, AT 1 3 6 ) J5 35 5 114 A 28 T 08 T2 FI I
A , AR 2 R AP R

THC R PERE P HAR A 5 15 BBB &5 &,
BBB L AF{ER) ECS WK T THC 94 &R, THC
Al LLE A 2R s 5 BBB S0 KM, 5¢ T THC 19
WHFE AR BE G &5, A5 SCHE THC XF BBB 7 £E 5 i (1 i
GO NG P ER I HEAT IR I . BEER 2y O
20 B AL P 5 T AT 53 A, e R AL A AR
Wi A2 A AR N, RAE | ZORLIA D REFE A | i 5
H 4l g Ak 4 &= R T B M % (reactive oxygen
species, ROS) Fl i P4 & ( reactive nitrogen species,
RNS) #9774

3.1 A -TUS KRR X A R S B 1R 45 1E A
3,101 4ufffEA

THC Xt BBB [ 4 i 2 s F D ae HA )iz M4
(£ 2) . BoFise & B THC 76\ N Bz 40 h s
S A R ER P, A /N BB EY op Rl D | R I 45 T R
BT, 5 30 B 4N 4 A AR AR 8 THC AT LA
WS CBIR, e BEA R T, N EZ 4 i 9 CBIR
OS] g 23 57 ROS-MAPK 385 72 5| 6 N FZ 20 Jifa 3¢
T 1 THC AT DL i 55 ERK1/2 300 3 i
DA 7 290 1 322 e o, 28 T 00 ) PN R A A B R A Ak
RFA 5 10 A5 &7 Sk AR Y L kA, A B 5T 2R
THC i i3 RhoA/MLC {55 1% 3 S HUR E MK E R
GEelAR P E AR A AR AL Y THC 38 7] DL 3E i 36
A AR M BIL T3 fin B9 5 rp i A8 P e AR KR T
R 430 70 DT 556 Wi £ P ) A At o R 26 B R
RG] g2 TR s R . 1R 2 R
FERIUA B UE W, THC 7EAR KAREE 1 AT DASE i i3
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R2  AFIFIER THC X I X 57 5 40 Y 52 )
Table 2 Effects of different doses of THC on blood-brain barrier cells

EEEhilE AR AN
Dose administration Affected cells Impact mechanisms
IR A B 20 B AT PP RAEAR CTE R 33, B IR T Hi 4

i SEEUR 2 K 2 A HIIEB 04k, AL

pmo Human umbilical vein endothelial cells and It induces the expression of inflammation-related genes, reduces the

human coronary artery endothelial cells expression of antioxidant-related genes, and leads to cellular cytotoxicity
I ERK1/2 FYBERR LI 10 P 1 20 1) 325 e iR
- N g ’Jﬁ'f?l’—’ji&ﬂ’.ﬂ:?ﬂ il A Bz Hiﬂ'ﬁljl.j%ﬁ

10 pmol/L It enhances the phosphorylation of ERK1/2 and inhibits intercellular

Human umbilical vein endothelial cells

2.5,5,10 mg/kg R
2959, &/ K8 Astrocyte
S IE I S5 441 i
- 2817 1 351)

8 mg/kg Astrocyte
=90 wmol/ L2 BTV 5T 4
=2V W Astrocyte

7N IS 4
#[25] -
5 mg/kg Microglia

communication in endothelial cells

ST MO S RERRE A, At SR AE K38 I, L AR AR PN 1Dk

Dysfunction of astrocytes, the level of pro-inflammatory markers is increased,

while anti-inflammatory cytokines are decreased

I B ML AT LU e R AE 5 5 0K THC 7 A B A R B

Astrocytes can amplify the cognitive impairment caused by

THC through inflammatory signaling
R fRAm s Iy, 51E T

Reduced cellular vitality leading to apoptosis

WA/ N BRA RS , 51 P IR KRR R R SL T RE R i
Disruption of microglial homeostasis leading to dysfunction

in the endocannabinoid system

A8 PN B 4 AR BRI BE

78 BBB M, B I 5 41 55 N B 20 i A 4
P fu, IL 1B BT 40 A 18] BT, [R) A 2 TR M T 4 i
SMATCR AR A BT g T 2 kIR
Feppib BRa s, M/ 5T 40 i 7 445 BBB 4H
SYje ks b A EEAE, AR LB, K
A THC 25 S S0ME M R BURLIE 6 5 40 1 A 7
GFAP HYZIBIGNN , e RARE W /K58 I, 470 58 40
P2k, 51 BB 4 i D e e a2 i
T AR B A ARG ) 28 1) THC 23 B3/
2 IO 2 LR A8 T /0N J 5T 40 L ) O B ) i R K,
SL B AR R X K i O R R 7 AR TR AE I T
B

WA ST KB, THC A, 23 52 e H: At 248 it 1) 2
A, Braile %™ & B CBR #2571 i i J5 it 4 4
J A K I F A (vascular endothelial growth factor-A
VEGF-A) J4735 rh Vs 240 L, /0 (A 80 1l 8 A= 8, I
RPN B L5 1 38 3% P, Tl THC #E4R N J& CBR (1 &7
O3 EENF  WAFTERZ i rh KL B ¥ )
3.1.2 il

MR B B i AR fk 5 BBB B35 PR B A o6,
Kiyatkin FI Sharma' ™ #4515, M4l i v Al IR &
B BBB R, i i M4l 28 1 R AT fd BBB 12 3%
PERRZE . E THC F5- 2 Z MR b A 4 Fhbrive
(8L, R R DU IR IO RIVIC AR AIR2 3l 4

S FURRL, i A 7) & THC X & S 8Uh BUR R T
T A S R ) S R R Bl s R Y, e
& THC 353 I ARIR T S i 2 R TR A, 30T LA 3E
TSR IR A AL S0 BBB 37 T 52 Wi ) B a5 e

FALNIEAE BBB SR b PR © A8 81 584 3=
Ik, TEFERE BBB MR 25 A iR AT, 4R
RIS BBB BEIRA 3 FE 3 A /N R K
H IR, THC % 58 2352 M R 288 5% 48040 0L J3%OFn 44
JRLR T AR R DT 5 e R g % B AR, SR R
AP THC BBt kA A=t faE, 255
JE it Ak B B E AL A DNA $54 493 & 35 38 m
R EEE Y SRR THC 2k 2
0T LS 2R B 40 A 40 i IR ZKSF DNA
s , I T A & Ak AR R O v

T BBB AR A A R (8 FOX g i ) T R
B, 2ORL AR ) BE B A 23 ELHES2 W BBB ) D) BB,
Wolff 257 5IE W] THC 355 K SR 22 R A4 I W 4% 3
RERRE A I8 AL R 8, SR, WA BF 98 & B THC
ANETEB D AR v S B PR D RE B i, IF R
NRZE ST M 48 A | SR A M ik | S0 Ak I % RN g T
WA E YA

PR R MEAE T, U R A i i 2 A 2
fi% 23 52 ROS 1 RNS #9774, 3512 BBB IR,
ARG LSRR B, A6 S = B Ik Bz 2 v, N IR
KIKE AEA Y 30 G, 2 F RSN LR
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3-FEEEE ] F—Fh B B A AE CBIR . CB2R FI{5 5,
FECN FZ AN NOS B AT NO Az B, M 75 1 45
WBEPE M THC V58 AEA 2804, fE IR N & 1%
A 1, AR TT RE I A AN [F] B AR AR 6T RNS 7= A [

[p=A T
3.2 A’-PUS K RRER %t I B 52 P& B 4R 3P 224 i
3.2.1 4HfEfER

5, ARZMR IR RET I & THC IR
YER . BRFIE R B, K BRUG S1M75 I B2 T 1 Joit 4 i A
/INJSE JET A4 6L P K S 2 i N R KRR R 2-
AG AEA [ i 410 1 390 72 97 BEL BT 1 33K 19 7 240 L
R THC AN AMIEYE B AEA 25019, v] LA™
RS T AEA FAAAII R0 AV P AT 38 ek SEL DB /) Jise
JoT A0 M %o ik 0 43 & 4% — 2 AR PR, THC
L A] LLIE 3 TFN-B/STAT A2 i BV-2 /)i Ji 41
0 B 22 WS 0 S S, DT 24— 5 ) el
ZARER
3.2.2 PRIHLHI

D e o N VG N P
Henriquez %' % BLAE 40 i 7K F , THC 4b 3 AT i
1A CD8 RN AT RE , I/ CD8 T i AT A Y
MR A PR - X B R I I 440 e ) 35 Ak, AT e
CD8 T 4 i A< 1 i 28 R, 7F 20 B L B SRR R
Wi THC ] DL 3 30 Toll #£ 3% 44 7 ( toll-like
receptor 7, TLR7 ) 53 1Y S AZ 41 73 W6 TL-1B, DT
SR B MCP-1 F1 TL-6 43 ikysi/b 3l 48
iR THC ZEAANAT LASES NLRP3 A /MA
E AL T IR 2 AR R A AT ) R
FERI Y, THC 1R Rk 80 CBR #sh#, nf LL7E
AMEE CB2R, JF#F 7338 i CB1R F1/5( CB2R %
T 0B/ /N B R RE R A PR ) L DA AR £ B Sk
YE, THC A B8 X I oG B B 163 493 7= A= — o2 19 R 3
fEHL,

TELRAR ) HE B A% 75 T , Nguyen sElel L TE
B AR SR A/N B YD 7 55 95 v, THC /T LK
SRR LA Sl At CBIR AR PE AL 45 4t 40 g
AT, RIEM AR EN, XT THC %I BBB 4k
BRI RERIE L AL, A 18 T 5 2008 2 i F 58 ok
HEATHIEA

PO 1 B B ] e A R A2 AR (4 NMDA
FIAMPA SZ A ) ff 240 i A 455 356 T, Bt J 8405 2 e K
AT ARS8 i LA S NO Ml ROS 7= 4, R, 4
i AR A8 S 11%) 1 0 R T R X G P B A A B VR

PR BT 38 NMDA A2 44 - i 7 55 98 A 1484k
PRI e R R TR KA E R A K R
RIS & B THC W] USRS Z IR EEE
Bii 1k ROS 53 i Ak 40 15 . THC PT GE &oF #10 4%
SRR RO A AL 05 5 19 BBB 45 43 & #42 B A 4
TRAPPER . AR, KRR ER L AT R 38 2 3% CBIR AN
PRI PKA 55, TN R 2458 NO 1™
A TR i 20 S 7 4 A MR e )

4 Hit5RE

THC Y ff 23 P ORGSR e &8 T2
PIBISE , 55 A 2, B 3 1O 8 22 1) IF 52 O 4 3R 4
T B —Lep 2840 Sy FbLGl, 3T THC 2
AR BGREIRYE 16 IR A B 5% Ho b 2 AR B 1
B, T ZEOCHE THC 1 253002 R ) O I 0 22 57, iF
— I R AR DGV A A T #0 A (] 7 B e 2
HFEHMERH, BT THC J& KRR 5 iR ol 76 o
BAT, [RIBEAE SR 2 AN 5 1A IR R R B AR A
THC AR 25 e AR ik , B THC A94E RS AT
DLBRICACAR , 58 4 e A6 JORR I i A . THC X
BBB MfEHIJE THC A5 ZAF HARTHE , SR M T 1%
HAKZ W58 % THC X BBB #9520, (K It BH #f
THC 5 BBB MCHITE ML T EHE , A CLRR
T THC SRR 52 0, JEH G T THC 5 N IPE
KRR RGN AHEAEH, BT THC X BBB B
PR VR R LA HLEIBESY , i THC A 264 42
BT R S8 . R OR B 5T N % 4 T e R
BRI AYALE] , BB THC 75 S 1l A8 40000 SO 4 4 s
B TR A B AS A FH LR 4G 25 500 4, A3 b Bt
R INBFST , LB A 5 K I ) 4 3 1 2R, I8
PrE A W REKE UL YK S AR E . THC 5% BBB
PRV AL A0 7= A 10 550 A B2 4% T e T AR S 1, 5>
Ji e L Z2 AR f o BH LR )
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Progress of research into mitochondria functional regulation by transent
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[ Abstract]  Transent receptor potential (TRP) channels are non-selective cation channels. In recent years, a large
number of studies have found that TRP channels participate in a variety of cardiovascular diseases. How mitochondrial
function is regulated by TRP channels and the relationship to cardiovascular diseases have become research hotspots. Up to
now, related studies have mainly focused on TRPV, TRPM, and TRPC channels. This review focuses on the roles of the
above TRP channels in the regulation of mitochondrial function and their relationships to cardiovascular diseases.
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1 TRPV BEMENKFRESONE RGER

TRPV @i H' TRPV1 Fil TRPV4 528 kiR 2 A
P B IAE
1.1 TRPV1

TRPV1 J&:3E 2 $6 iY B 25 30 18, 7T 9 i 4
LB AR AE H /K" GEWUIK 3% P SR 51 i
RAEY P A A Y RS . TRPVL BRAE O ERY
Vit fe A2 C LR ik AN FEiRA s 37
) HOC2 2t | JA AR 0o ULAR BfL 351 % 8 TRPV 52k
Bk Z A7 fE 2 i B4 7Y ) 4R TRPVI Al 3
I WA LRAR DI RE S 50 R A & R

TRPV1 ] 3@ 3o {2 i 4k 44 A0 5C I T ) A
( mitochondria-associated membranes, MAMs ) J& A%, Vi
R E G i 28 S O LI TS . MAMSs J2 Py Ji )
FNZE KR 2[RI B 1) 3 25 RS54, 2 W 3 Y 3 1) B
TR MAMs JB Az BHL, 535008 J5 ) 5 4 b ik
Z [R] A Y 3 T, A0 IR S B IR, IATAT 51 & A5G 1Y
OISR AR 3 B kG A AR AL g B e
HE AT B S v R B, BRI TRPVL i,
iR i 1% 1k 2 1 B8 ( AMP-dependent/ activated
protein kinase , AMPK) R fL /K- T 2 245 A 8
M 2 ( mitofusin-2, MFN2) [ & H £k B, et T
MAMs JE R, M 1T el 38 28R AR D g , v /D 2 L 96 7,
Yol A R g B A i 28045 S A0 0 UL B AR K LR
siRNA ¥ MFN2 #if)5 , MAMs & 52 FH, TRPV1 £
S LR AR AR 3 RN T 2%, 78 TRPVL 0] 58 5
AMPK/MFN2 #&A24E E MAMSs T& B, 24 3% £k 1R 1)
RE VR R ) B s 5 S D AR R

TRPVI il 2Rk ATP A2 5.0 NLE
FRIE Y SOk iE i S AL B R b A B ATP 20
e T QIR =0 S R Ny b= 35 0 BTN
WL AR T I A A2 i ATP (B i A B E 3
OIETF B 5% 5 5] i 78 A A v K o ) 28 0 4 i
A5 AR, FLER A= B3 I 330 ATP i — 28 /),
JC L 0 JUE (9 BE 2 75 R, i FE 0 UL E
Pt SRR E A T A 0 M R T A Y e R R
RHETEEMEAT  NDUFAY ZE &Y 1 2T
T BN 22—, 2 508 Z AR 1 RS
B2 R S e 52 AR | AR R A Fg
ST AEBER AR Tl I & 1 TRPVL 5.0
JULEE 6 5¢ R O IT ST R & 30, TRPV T 5 IR gt Bk s 6
RET SRR ARE G5 1 EALBERR 1L (complex 1

oxidative phosphorylation, CIOXPHOS ) /) fig 11 i 3K,
BAEY 1B TR, O WUAR R I g AR 4 T
TRPV1 M3 s M B E )5 TRPVI RixFtm, KL
P AL AR I 3 R C1 A B G2 1 NDUFA9 3R
ik L9, CIOXPHOS W RE JJ 34 5% , AT 4EHF ATP 4=
B, RO IUIBIET . I TRPV L 30 )5 T 2%
iR ATP 2B R,

TRPVI i@ 8 ¥ ik ROS A= i S 5 M 0
MBI HLE] . ROS AT 5| i 2 A 4% f55 38 375 1 % 4
#L ( mitochondrial permeability transition pore, MPTP )
TR, SR B A 5K I &R ATP A A
WD A ER o SRR, fil A AR DG PR TR AR
1 AL M A FE T dole ot R R
LRI EE R NADPH 4 fb B2 0 WLAR I ROS
B EZORIEN  BFIT & B, AR 55 A ) B RO I
1% TRPV1 J5 ,NADPH % fbJf % M 3558 , ROS A= i3
Z S B T 0O S T REREE

TRPV1 AJ5# i 4 15 e b AR BB A 2 5 0 1M 48
PRI R A KR, AE HOC2 . JULAH g v TRPVL 38
Bl capsaicin F] 3 A3 34 ML Y Ca™ FZ A {4 1
ALY B AT K- B AT SR AR IS H A7, 4100 ) 4k
AYG B B MR, (R 4L T, I HOC2
O WL 40 B R 48/ 52 A A, T TRPVL 45 3t )
capsazepine B, TRPV1 siRNA T~ ¥ TRPVI1 Ji5, 4 fifd
PTG, SR R LA DA O JIL 4 i fk
/B AR A, 7R AR RS 5% A0 LN
b &% B, B AL BS  TRPV 2635 F i 45 4
20T TR Tl 3% 3K T e, GOk IR R A R A 45 T
TRPV 1 5470751 BRRSURE5 55 % A4 22 B 1 1 417+ 7] B
IR RS, SRR A 5, X 3RW] TRPVI /7
(A2 E 1A IS Bl 037 A8 6 7T BB 4K 81 T 45 I i 28
MRS

LR ZU I (aldehyde dehydrogenase , ALDH) 1]
DL L6 52 BT 25 3R 5 T O 2ok 1A 453 45, TRPV L
25 T, ALDH J& —Fh 2R KN, 7K A 5
A A 3 A b S S T 3 A T T 98 % A Y A5
P51 BlEEZ /N TRPVI 2 (1 Rk PR A%, 4k
AR TEREMERE IR | 220 58 WU R A R e oR 1 A%
B W A4 Ja RN A ML P Ca® kb, &7 TR I AE
RN Ca® B8 110 ALDH 33 F 5 /N L, TRPV1 #&
HERIBT G, LIRS 5% ; 457 TRPVL W45 55
J& ALDH 5 S P-4 8800 1 2%, U W] ALDH ] 38 1o
TRPV1 41510 26 b A 52 5 PE 4K HL Bl 2 2055 5100



o H A PR 2R 75 2024 4F 3 A5 34 #4553 1 Chin J Comp Med, March 2024, Vol. 34,No. 3 129

WEREPE
1.2 TRPV4

TRPV4 J& TRP 3 18 7 R BEGE 0 56 AN BT
AIBEEG IR R AR pH | PV KRR K S5 1k 2 i 3 ofn 57
DI AR 35 MR B RG>  TRPVA £ B2
A= AR R R A AT SR T BE ), 500 A B
(R A O SR s VAR %, Qi 3l ok v 20T FE a0
FIEE T O UAR S O EF AR 0 LR il B
VETERIOY A O WUEPED S SRR H AT
HAE TRPVA 7E45 Fh 40 i 28 1) IV 200 it 25 6 5 2 s 1k
Hif 3k JF H O TRPVA S 5848 2 S R A TE
BH PRI EA T 1B AR Sk
(human coronary arterioles, HCAs) "', 4a-PDD 3%
TRPV4, FEAME N Ca™ IR, H,0, FIE & Ak
YR A B, LA SR Z0 9T ok, I3 & 39 0 ; TRPV4
FEPURIA TRPVA FE5M/NTHE RNA 04§ TRPV4
PerE T3 Ca™ IR, H,0, Al &L
A L, B AN Ak e i )

2 TRPM @ ER&RREE SO B &%

TRPM J& TRP 38 i W 5% 1 i 51 2 — | AR 4% FL
C— A o 45 [ R e 19 [ 05 914 0 43 TRPMIL/M3
M2/M8 . M4/M5 F1 M6/M7 4 N4 | HFTAF
FWH Ay TRPM2  TRPM4 I TRPMS 5 £k ki 1A 3]
RERERFA (00 A BRI G
2.1 TRPM2

TRPM2 J&—FhAE e B0 Ca™ i 15 1 BH 2 738
T8, %R R B A U TRPM2 Al g 3R
LRI L ROS  ATP (14945 B % 4 1A 1 105 11 5
MAPIR Y & A & T TRPM2 @il 2 5 T Bk
K1 (hypoxia-inducible factor 1, HIF-1) %5 /Y
FoO UGS R, HIF-1 J&—Fh & Bk 42 i - 25 - 12
JIE-PAS %5 #8315 5 R, B HIF-1oe 1 HIF-18
WAL Y S SRR AR LR AR Y
FoxO3a 1 SOD2, HL F L@ s P 2 5K 1
NDUFA4L2 FIZe ki A [ 1 BNIP3 45 (5% 5%, Mo,
SOD2 . BNIP3 FlIAEHUIE 54 13 1k =2 18] 1 e [) 4 H
A DU RAR ROS A0 7 JUL B 1ft, — -3
TE BUE - B A T R A S S BOR AS
T 0 TRPM2 Sl IE 8% 38006 J5 , 518 Ca®™ NI IF
TG EG E  ZEWEIR I, (815 1k C U 1 214K (receptor
for activated C kinase 1,RACK1) E#E1k , Wi FH1E
H5HIK T H 90 (heat shock protein 90, Hsp90) 3

Fréfie HIF-1a PAS S5H0 580, HIF- 1o FEAEB MG, 2
M43 FoxO3a,SOD1,SOD2 , NDUFA4L2 #1 BNIP3
FEIRHGIN, ROS AE /b | e A B e A7 T 5, 0o L
SEAL R AR O3

TRPM2 i v 38 o 1 2 7 25 I 2= 1R £ 1o 2 IR 9k
fitf — 2 ( phosphorylates proline-rich tyrosine kinase-2,
Pyk 2) BRI AT RE , 2 5.0 WL I 48010 B 85
Pio Pyk 2 J&—Fi A0 MO LS il 750 T 4R
A5 I, TRPM2 KA 448, Ca™ WY £, Pyk 2
TR AL 5t | S BOCH M 5 5 % 1) 2k 1A 56 o, 2
HE MCU BERRAL AR A MCU 3@ 38 FL A TE B, AT
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A BB D S T AR DI RE R, S BN Ca™
TR Ca™ B4 2 fE— 20 THFE ATP AT T35 ATP
AN /L | Ca® AN W HG T, 5 28 380 O JUL A48 A v
TRPM4 ' | H,0, FEIAC FRC WLAH A A4 dfe i -9 3
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TRPMS = % 7 36 4l 28 rh o3 A ), Al G T
(<28 °C) BT B0 |, (HALAT B R B AR IR
FGEh K FKLY TRPM8 25 T RhoA/Rho /¢
PR -1 LD RER DI HLET . RhoA 49 Rho
TR % 006 P LA B T R 1 2 PR T
B M ECK TS, T BOVLER R A R AR L 1
(myosin phosphatase target protein-1, MYPT-1) £ L
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Table 1 Summary of TRP channel mediated mitochondrial function regulation in cardiovascular system
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Research progress on the regulation of glutamate in traditional Chinese
medicine for treatment of depression

LI Chao', LI Jian', GAO Zhenan', SHEN Mingyu', PU Jingjing’, WANG Meng'*
(1. College of Traditional Chinese Medicine of North China University of Science and Technology, Tangshan 063210, China.
2. Hebei Key Laboratory of Integrated Traditional Chinese and Western Medicine for Diabetes and Its
Complications, Tangshan 063210)

[ Abstract ] Glutamate is a major excitatory neurotransmitter in the central nervous system and a potential
neurotoxin. During the development of depression, the glutamate concentration increases in the hippocampus. When
glutamate accumulates, it causes serious damage to neurons and brain tissue, aggravating the depressive state. Therefore,
glutamate accumulation may be a major mechanism of depression development. Astrocytes, glutamate transporters, and
glutamate receptors play important regulatory roles in the glutamate concentration. This article reviews the mechanism-of-
action of traditional Chinese medicine on depression by regulating astrocytes, glutamate transporters, and glutamate
receptors, and provides new ideas to explore treatment of depression by traditional Chinese medicine.
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VGLUTs ) fif#ft 77 75 4% 0 HL | SR J= BT 1) 5 fik 9] B2,
MZTOA As IR E R4 A PR SRR e Is A, B s A
143 &R 5 38 A (excitatory amino acid transporters
EAATs ) HUB ORI AP , b5 Glu HERUG #2200
R B

Glu ¥ J& i Tt i Al LA 3 e 28 o0 28 1 % 22 U
T2, BIP A Ag M  E PEAE AT S Glu HERR L2 4
FRAE A B 2R AL ZES AR R S
IR BRI T DR L I Hh 24 A ARSI 3 Glu 7K T e 114 B
G AR R b R B, AR R AE AR
ML T Glu v B B B R, P4 Glu
WS A Glu MRFEIE  RIR )T HIVARAE A S HE

2 AERBRAAE

2.1 As ¥t Glu B9
As T Glu A AT ) S 2220 B, X 47

Glu AR, 3 M & oA 1S M RE Y IE W 217 &2
FEE | As WAL A E RS R Glu, 22
JCHEA 58 Glu B Gln WIAEER, As 7T LLTE BR 2 fi 1]
B 90% 1 Glu, 4E+F Glu MK FE" . Glu #e i 1t
IR As 2y 2 LATPEREMEAE T, o HE s B 05
2.2 BEEBREFIZEIT Glu KRN

HRX I R G0 Glu A BRI B A 44 3= B T
PZIC M As A AR iz K, A1 5 EAATs Al
VGLUTs WiFp 28 A A0 B VM8 AR B4R,
PRIE Glu 1IEH AIAEER "

EAATs 7 Glu $EHUA M e & SCHEAE H, XY it
X YMEEI B Glu ¥R B3 7, As | EAAT1  EAAT2
Wik B 25 20 A Glu 45 A 40 i P, 68 40 Jif 1) it
Glu ¥ B e AR B RK

VGLUTs B I fE 2 5 5 1o s 22 il 2 1L 4P Glu
Hn ik AFEN . AR VGLUTs M4 A
PEYLE H Glu i ABE A H R, 2 25 421 N Glu
(R B, 3oF T 5 fish 6] B Glu 1) 75 2 ELA o (i 1Y
PR
2.3 BEBZMEN Glu BN

B F R Z A5y A RN B A, X Glu
W R 2 T A PR R AR, B 1k Glu B #f 225e
Fo As 1 AR, AU B4R 2R 52 K ( metabotropic
glu tamate receptor, mGluRs ) 77 7E i P it 25 2 f iy
AN S M5 B |, 25 Glu BB RO B
F I R 3Z K (ionic glutamate receptori, iGluRs)
RIS Glu Peidt a5 folfg s >

Z 40 mGluRs {57 T2 Ml i, X Glu BB HGHA T
TR AT . 1 1 & mGluRs A T 28 fit 5 i
WS 5 TSR iGluRs MIFEH™ . BT Glu i3
3 iGluRs , FECM 28 707 AR T M ARG & H
FETE s, RIEHE S Na' A, 512 o 2tk
BB ER AKX R A R G S i — 2
SEE RS RERAGS EZorsET Y

TE Glu-Gln JHFR (& 1) H  ANE I As B AR
BRSUE R E IR Z AR A EEE AT —4
R IR A 2 B Glu HERH, As RO BCRE ATl
REA AR AL, ] R X Glu FIHEH, 720 As Al
TG A5 515 35 AT RE DME I8, 2E— 4
TRHIABAE ) S J 2000 FE SR HF 53 v 2 B0, TS i
K B 20 U 4y AR e is AR W D, M 45 TIRIT
Ji , e 32 A KO 16 T, A R e A5 3 9 & ek



o H A PR k75 2024 4F 3 A5 34 #4553 1 Chin J Comp Med, March 2024, Vol. 34,No. 3 135

B1 SRR

Figure 1 Glutamate cycle diagram

F R Shin SV E N 2K T B I0AR RE R Y
mPFC H1 &I mGluRS [y # 1k Fal I FRAR, H/
B mGluRS B2k J5 25 3R B0 B S (9 SR AE AT
MUY ESE T AR RS2 AR IARE B3R T i
B, I, X As B EIREE s KA &
PR 2 R IEA TR A 0T LA Glu HERUNH N 41 405 A%
AR, BRI ERAE A/

3 HEZAX Glu B ATIER

3.1 HEZHTEX As RiFE
3.1 ATy

AU DA B0 A2 U A M 1 1y T LA % M I
B B, B R4 BT AR 8, AL AR AL
il v e 5 0 0 K T B K 32 IR (glucocorticoid
receptor, GR ) Fl %% b /= K A F - B ( transformation
growth factor-B, TGF-B) A 5, GR ] LI i Z /A& /E
%% TGF-B BEL, TCF-B AN As B Y IIRE,
As B3 Z | n] LIBS I Glu AERHR 3870 Glu HE
LR BT IIARAE i VR A 55 0 i A R
AT LI As i — 215 AL, A B R i 1A )
Glu Iz DIRE Bl /b 20 i TR B Glu A MERR , 2 i
P00 AR AR DY B B 2R 4 R M B 1 ( glial
fibrillary acidic protein, GFAP) 2 As B o0 AR
LB, RHAEREREY ST . B BORYT AR

i FHFIS R I K B SE 56 v, GRAP 1) 3R FE A AU 2]
LT B E RN, B HCT WS, GFAP 3Rk 1
TR UESE T M RS I As ROBCEY
3.1.2 gk

NS BAF 0] DA IR E K BB B AETE 1Y) As
ZEBRE LD RERT , T As I AR BE @ & 1
Cx43 BRI /K -, {2 00 5% B e Pz 3l TP ™ f 4
As DIE I Sy R As AR
3.1.3 %%

WFFE L2 00, B B 25 | P 6 7RI L e 3 AT i
KB As TEASFURBILEE L , 16T 4 RIS AY 20 L 20 M 4
WL IS ITGE R Glu R e T
PEFE ) A L IR DU O S BE AR I K
BT GFAP 14 40 M % e o i % 5 H 3% 2 1
GFAP F 1A mRNA &880 X As W& RIF &
SRR, X AT BB S & FE BT AR VE ) B ZE ML
F 1 HNEE T AN 2T e As IFEFIBLE
3.2 HEHFENSRBRFZENEEER
3.2.1 WheyEIr

NSRRI AR E 1 F 5 7 I R IR T
AR EE R MARIE ROR A FEsh s &
B, AT R 18 M R AR AR B K BT T R s
& EAATs \VGLUTs ik B WIEM ., 4T /045
TR #5415 Glu ZKSEIRAK, 1 EAATI
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Table 1

Animal experiment on the improvement of astrocytes by traditional Chinese medicine therapy

EMUSIgEN
Traditional Chinese
medicine therapy

[BEISEA

Target audience

FEFABLH]

Mechanism

9 GR . TGF-B1 MYk, MINiif S As B ry3aim

Upregulation of GR and TGF-B1, induces an increase in As quantity

Pt As B9IE—2505 4, _EI# GS (GFAP GLT-1 HZE 133K
Promote further activation of As and upregulate protein expression of GS, GFAP, and GLT-1

TIH Cx43 BRRRAKF, PRIP NI RE , B A i A= 17 R

Downregulation of Cx43 phosphorylation level to protect cell function and increase cell

NAEEC IS 2 AN O I 2 SR IR B8 S s i AR A B Bl
Number of cells increases, the number of microtubules and microtubules increases, and the
density and vacuolization of mitochondria are improved

GFAP PHEIME R Y iR B B £ Je GFAP ZE R mRNA F &34n

V(42 A BRI
Zuogui Jiangtang Fang As
P y7,136] .
WEWIG T g
Decoction for Activating As
Blood Circulation )
M E i vanie il A GFAP Bk
Xiaoyao San As Upregulation of GFAP expression
Je 1Ry i vanie il
Ginsenoside As .
survival rate

il 2 e o [40] Lo
FORIF 2 P
Acupuncture at Baihui As
and Neiguan acupoints

| S o [41] o
PRI R A
Acupuncture at As

Siguan acupoint

Staining of GFAP positive cells deepens, the number increases, and the content of GFAP protein

and mRNA increases

EAAT2 EAAT3 mRNA FIZE (A (£ 52 8% 7H i,
MRz S EIEMER, I Glu 552, I
ASHER S IE S 2 U AR A AR O e A R
BRBIR AT E M 23, nT LUV S AIR 1 EAAT2
(235, ATR I EAAT2 7775 % F0 B V8 #5 3 bh IRlAE
A SE & P RIRKCETHE, AT LU Glu (19 %%
iE g oo B R E T . Ding 41 A Liu
LU P BT LU P S R R B B A 7E 1 %
BT TR R AE K SR S AT T B2 )2 R EAATL
EAAT2 & mRNA ik &2 SHIAEE T A B
BITYEM .
3.2.2 ik

RZZBEEe4 L K Bk T EAATL GLTL
EAAT3 [9363k, Ik Glu (0975 4, B A &R 2%
PEBRE Bl bl 28 28 G458 405 T A0 A Bl 2 1) &
PE ) BT R IR B A R A S
As i B AR e s M e, HIR T 205 S
EAAT1 JER IR UGE T R @A sRER ., &
FRFGEUESE , K 2 B vl BE 3l aF 4% VGLUTs £
P 10 22305 2K 52 00 98 Ml i Glu AR 00 82l T 40 i
B B Glu HEFH
3.2.3 4%

WFFE R, Bk oh B | 3 AR BT AE 1R R RO
Py EAAT1 EAAT2 323K 75 1 BH 8 00 T 9P8 7T ; Bk
R AT B AR FLE P A N T EAATSs [ 3R3k,

3 Glu PG PR 1 & FEHTIMARVE FH DY . A i )
PR oh A4 7R IT AR RE K B SZ 56, F BT AT LA
IAETET R As R R DL A M R B i K
EAAT1 EAAT2 F1 GS ik, #£ 5 Glu $REIIRE, M
T A 8 IS R R, 3% T B 2 A i He 4 AR A AL =2
— 02 2 BT OR[E] B 27 Ay R i

IR PEEVE
3.3 PEHFENSESBIZEIEEER
3.3.1 WZhyE

RIS 1 T o] DLAR 25 00 B8 3% 1l 2 i, %
TFRYT O NG K BUAARAE . R A s mT LA
2 GluR , A A H 2575 i 41 mGluR1 fl CaMK I B 5%
IR B FEFRAK T GluR1,CaMK IT o 283k B 14 7
MNTTTHG SR 5 fil AT 2RV A Glu YR JEE 32117 306 2
iR BAL A H 22 K B iR 7 A E 1Y
YERT, TEERSE & 7 AR IBLI N R B, & 7 BA R
I Glu 5 S WM 2 oot 0 (VR AT, W] LLffE NMDAR
SERM TR BERARAT D80 Ca™ BN, PR3 b 28
G, AT ECEAAREE IR >
3.3.2 HiZrfk

FEATEHIRYT IR JFFAR AL AR T 52 40 v, & 30
RERIA BRI D 20 Glu & B0 B Th i, (2 AR )
B AR SR IR IR, 45T A 25 ] 2 T
P Glu & S HAZ K NR2A  GluR1 ,mGluRS fy 3 A
FIK I AT AR SR AT 2 IR IT ARAE i /R AL 2
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— U0 2 B A R P SR T A Ak
Glu W53 14 #t 2 o 04 40, 7T i 2 38 ik % {15 40 g 7Y
Ca™ MY HERR S 45 202 32 1 NMDA 9 3R35 LU K dit
AALTE AR AR ARGE , SR T
JINH: PKA 37549 GluR1 BEFRILIFE HE AMPA 3Z {4
TG4k, 3N BDNF Rt i ik 20367 P ARE i H
A7 NS R AR L2 b 24 LR B A R 43 T
DMEH T A E IR Z AR, 8> Glu 24751 7 1 % i 28
JCRYAR , DR IARAEAR Y
3.3.3 k%

TR S B At T DU 5 5 AT LA T K R
T AMPA 324 e 58 fulobH OG22 58, 38 IS 780 K B,
7y AMPA ZAKW 3 GluR1 A1 GluR2 3k, /b
P Tet A , 18 BRI AN ARAE I RCR . R R,
LIRS T GluR2 1 GluR4 M 30T R ka3 i &1 3l
1AY7 A GluR2 M1 GluR4 B - TF, f Glu IR
SRR LA 5 2 3 26 TRl
B2 2597 A Z R A AR R P E A

4 NG

5 %ot IS AE & A AL A B TR A ST, Glu

RS M) R 28 AE I AIRAE 29 Hh 119 B 21 % 3 o
R, WD Glu MERR S P HARSC R R K 3R Al A2
JEIT A LGB 25 19 7 18], 140 GluR 540751 54
iz B AT AR G O A AR SR o 3 A of Mok i 2
2 IR S T PR 2t T RAGE i A% Glu kB K AR
KINE, B Glu HERX R T i, 267 1
RIE AR

AXERR T HERETT PR B REP R
FORRAM ] Glu B R AR 2 (1 i 2R RE M iR T
ARIE ARG, ok 2y ik B0 i PRI As IR
BRI LA AR s R A, AR Lkid
K BURZ BT R S W) S, i 2 ek R B AL X 1 552
5, 1M HAE P EE 255200 Glu 15 S M & v iy i 2
FAAE— BB~ ) R 2 A - 6 B 08 A [ 26 B AR
ST, QA KR F B2 24 7 3 o T B H AR L A
P 2552 7 sl A s Hp B 24 2 I 4 A G A &
MR im M S sz (R 2R )7 MARAE RO VE T TRy
AT Glu ARG R AT S8 ) 77 1) 1 75
5 A HAAKH OSB3 KK TR s AT o5 B — 20

R 2 PEAITEN S AR s IR S S5

Table 2 Animal experiment on the regulatory effect of traditional Chinese medicine therapy on glutamate transporters

BT
Traditional Chinese

PEHIXT %

L. Target audience
medicine therapy €

YR

Mechanisms

/NSt 7 4
EAATs, VGLUTs
Xiao Chaihu Tang s, VGLUTs

Fe VAR 71

EAATs, VGLUTs
Zuogui Jiangtang Jieyu Fang * s

J»»ﬁ ﬁﬁﬁ( [46-47]
Xiaoyao San

EAATs, VGLUTs

R ZpE )

Ganoderma EAATs,VGLUTs

lucidum polysaccharides

K
Chrysophanol

A >

Aged garlic extract

UGN SRR R
Chongmai electroacupuncture,,
music electroacupuncture

ERIA A

Acupuncture of

EAATs,VGLUTs

EAATs, VGLUTs

EAATs, VGLUTs

EAATs,VGLUTs

Taichong
and Hegu

BRI T IX Glu &, [i% EAAT1 EAAT2 EAAT3 mRNA FZE [0k
Reduce Glu content in the hippocampus and upregulate the expression levels of
EAAT1, EAAT2, and EAAT3 mRNA and proteins

PFE AIR Fl EAAT (33K
Regulating the expression of A1R and EAAT2
b VEIIARAE K B S FIHT A B )2 R EAAT1 EAAT2 ZE 1 &% mRNA £k

Upregulation of EAAT1, EAAT2 protein and mRNA expression in the
hippocampus and prefrontal cortex of depression rats

AT K EUR T GLAST (GLT1 EAACL %3k
Upregulated the expression of GLAST, GLT1, and EAACI in the rat brain

Wi T Ri55: GLAST B35 7K - FAK

Reversed ammonia induced decrease in GLAST gene expression levels

JTT VGLUTs & AMRIE
Regulating the expression of VGLUTSs protein

VAR DA EAATL EAAT2 K3k
Upregulation of EAAT1 and EAAT2 expression in the hippocampus of rats

EIARTAI B2 T EAATT EAAT2 I GS 23k
Upregulation of EAAT1, EAAT2, and GS expression in the prefrontal cortex
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Table 3 Basic experiment on the regulatory effect of traditional Chinese medicine therapy on glutamate receptors

ek
Traditional Chinese
medicine therapy

TEI 5

Target audience

YR

Mechanism

[P

Suanzaoren Decoction

BRI

Glutamate receptor

AL

H R Y
Yue Ju Wan and

BRI

Glutamate receptor

Ganmai Da Zao Tang

Ay L] BHERZ
Paeoniflorin Glutamate receptor

SRR
Pineapple glycoside

AT

Pueraria lobata

AB AT

Ginsenoside

R P
Acupuncture at
Siguan acupoint

BT 45 B =R
Acupuncture at Baihui, Yintang,
and Sanyinjiao

BRI

Glutamate receptor

HARZIR

Glutamate receptor

BREMRZAR

Glutamate receptor

BRAMRZAR

Glutamate receptor

Glutamate receptor

il NMDAR R H1S) T, BEAR%
Decreased NMDAR affinity, reduced excitability, and reduced Ca®" influx

mGluR1 1 CaMK Il B 3534 L E FRAK, 17 GluR1 ,CaMK Il o 3% .35 14755
MGIuR1 and CaMK II B expression levels were significantly reduced, while GluR1
and CaMK Il a significantly increased expression

B Ca®t I

TR Glu &k R HAZ K NR2A | GluR 1 mGIuR5 mRNA f{j33k%
Downregulation of Glu content and expression of its receptors NR2A, GluR1, and

mGluR5 mRNA

FEARATML P Ca™ BUHERL D48 2B 32 A NMDA 19263k
Reduce intracellular Ca®* accumulation and inhibit the expression of glutamate
receptor NMDA

HEIH: PKA 75 19 GluR1 BERRILIF e AMPA Z A% 1k
Increase GluR1 phosphorylation at its PKA site and promote AMPA receptor activation

O BIRALERGE () NMDA SZ {4, FEAIK NR2B AL 35
Antagonism of NMDA receptors overactivated by glutamate and reduction of NR2B
subunit expression

BT T X AMPA SZKWE 2 GluR1 1 GluR2 fY3i%
Increased expression
the hippocampus

of AMPA receptor subunits GluRl1 and GluR2 in

L4 GluR2 #l GluR4
Upregulate GluR2 and GluR4

SE 3k
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Effect of apoptosis inhibitor of macrophage in inflammatory reactions and
lipid metabolic diseases

ZHANG Fan', TIAN Chunyu'* | WANG Jingcun', LA Xiaojin"*, FU Qianru', LI Jie', FU Wenhao'
(1. North China University of Science and Technology, Tangshan 063210, China.
2. Hebei Key Laboratory of Integrated Traditional Chinese and Western Medicine for Diabetes and Its
Complications, Tangshan 063210)

[ Abstract]  Apoptosis inhibitor of macrophage ( AIM) belongs to group B of the scavenger receptor cysteine rich-
super family. AIM is a soluble protein secreted by macrophages. The expression of this protein is controlled by the liver X
receptor. AIM, which is secreted by macrophages, plays important and broad roles in the immune responses of the body. It
not only inhibits the apoptosis of macrophages but also participates in the regulation of macrophage polarization. In
addition, studies have revealed that AIM is involved in various physiological and pathological processes, such as
inflammation, obesity, atherosclerosis, and cancer. It has been used as a biological marker for the diagnosis of diseases
such as tuberculosis and liver cirrhosis. Moreover, it can promote the lipolysis of adipose cells by inhibiting the activity of
fatty acid synthase ( FAS), playing an important role in the regulation of lipid homeostasis, lipid metabolism, and
autoimmune diseases. In this paper, we review the multiple functional characteristics of AIM and its effects on
inflammation, lipid metabolism, and related diseases to provide a theoretical basis for relevant medical research.

[ Keywords] AIM; inflammatory reaction; lipid metabolism
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F 10 441 i 9 7~ 30 il Xl (apoptosis inhibitor of
macrophage, AIM ), X 8¢ #% /E 08 7= 400 ] K F 6
(apoptosisinhibitor 6, Api6) Spa ( secreted protein o)
¥, CDSL( CD5 antigen like) , J& T& 1 RZ K& &2
JHE 2= R 5% BEHE K5 ( scavenger receptor cysteine rich-
super family, SRCR-SF) B 41 41" AIM J&—7Fli 53
TN 40 kDa WY TTIATEREEE (1, 20 A S LIk
ELt M i R i 45 bk EEL 21 20 v ) o 0 o = 2
% RIS T X 3248 (liver X receptor, LXR) %%
T FERE X 328/ FE B BE X Z A (LXR/RXR)
SR ZRRIET I B R TR PR S T R T
BN AIM AT RAYE 2 40 v A0 R R L pe 40
Wb aRik  If H 25 40w G | RAE BB B iR 25
PRI R AR BN AIM i85 515 i N R 245 -1
AR S AC AR G 1 B B SR e e 1 4 A, O ELRE
W38 1 G I R & 8 ( fatty acid synthase, FAS) i
P, AT /0 A 105 200 J v 6 R0 i s 1R ) 28 i, TRy
PR A0 ATME 3 3 208 45 56 K 1 A YR )7 A0
RAFPTRRSAEN RV 2 RAEPE b L 156 1
FIY L ITAER S R B, AIM FEC B il R
FOIR s R 2 MNP I A S 2R A AR A
P4y ¥ 6 E A AR SRAE B A G A £
MR B0, A SCHE RIRIE T AIM 197> § 451k
R AR 5 B W 3 3t A 35 45 A O 92 9 J7 T 1Y
YR

1 AIM EERZEGNS FIFE

A AIM (hATM ) 3% [H fr 7 J2 1 Gebe %51 7£
1997 4, 3 1k 9 IV 2% 58 i 5 2% 58 T AR 43 AT
TR e e e 7, IESE gt ATM B LR T A2 1
SY AR T q21-q23 WEERE WCL. 17 N, /b
FUATM 32 B U2 1 Miyazaki 260 76 1999 4F i iof
PCR AR palE /NI I R AZ K cDNA B & &2
B b A3l A B, 0 e /N BRI 4B cDNA SC 745 3]
[, BEAN, Gebe 251 3 Job W T BE 4% 52 19 7 35 M/
BRI PR A SO AR A it /N B AT A 2 PR, 9 HLE B
T/ AIM 5 hAIM Jg [RITEEE A

FEEE I BT |, N2 Y AIM Hy 347 A2 2
FRZH AN, Horf 19 AN B /K PR IR 1 0I5 5 7 51 A
FEAET HGAE A i BRI S 902 3 4> SRCR 45
Py, RSN 2 100 S LR, 76 SRCR 4544
112 Z A1 O — 3 45 0 i A 19 V8 A IX 3 HL A e v
R fraet ) Sarrias 481 A G5 BN | B g8 VT TE

T G 8 W BFHAR IR 07 6 1 4 BT hAIML B 2R T
Uk, BT REFT A AIM 19 3 AN TRI 47, i
JRAFTE 38 kDa F1 40 kDa B9 Rl AIM 74! | 3% 2 iy
ANFE R R S G R, TR R AIM 2 —
FRF 5 0 L5 25 11 (60 peg/mlL) , 525 Hofd ifi,
HE ARG, PLI AIM & —F RS (1, T B
FEGPERR B 11 M (TgM) F0 A A9 1 P9 S i v % 42 4
o /MRS AR AIM 750 [ — MK F 555 68% , B
1 FE R 1y 5 T i /N A ABL (38 kDa) , 5/ i
ATM HIHE, hAIM B 5/N B4 F 2 /R AIM
5T AN B B IS B i, o KR 4> F & (55
kDa) AT LAE 3 A7AE 3 0T BE Y N-AH3EAL A SR A
B, A AN S B UE SE 5 N-SRBESS A& TR m 4y
WAThEE

2 AIM ERER N REXERFEAR

AIM W] L) B R 004 T 5 9 JAH 5% 43 T 1
A (PAMPs) 254, BV g 2 8 (LPS) 1 Jg % BE iR
(LTA) DLE IR SRBE (PGN) | H &% R b | B-D -7 M
FEERE O, 9F H A 41 AIM (rAIM) U7 FE T,
LPS B-D—H A A PCN 75 519 /I KU 21 it 41 fita X1
TR AZ B, 40 6] 2400 A 0 SR AE R
RES A, AT W ST RS, ATM 10 B 41 A i o
WHEHF (TNF) FEH AR 18 (1L-18) By /™= A4,
] I 76 34 58 LPS 1 Toll ¥ 32 1K 1/2 ¥4 3h 7
Pam3CSK4 IS , e A0/ R 10(1L-10) B 43
W, I HAA A AIM HT 44 IR 43 S i o 3 vk
WEAT G 1 ERL A T

FE S S N Ak R, 2H 29 I 200 it ek 431k
BUREAE % T8 R 305 IO el B 5 SR8, R A N 4 A
b, XA ERAF LB TIRE AR R R KA W
PR LU M1 R 40 5 BT 4 | S sse 4kl A
PG DAL A I M2 RIE A AR R,
rAIM Zb B A I SAAZ M, 55 T Mer B R RIL
fitt (MERTK) ,CD36 ( AIM ) 3= 52 2] }ifd & It 52 4 ) A0
M3 N A K R F ( VEGF ) mRNA 23k )t 2 1
Jn, Hor S IL-10 R H AL OF HAEB] AIM BL S
TL-10 AR 7 20E i B8 D3 A A WAL 9K 20 5
I 200 1) M2 AR Ak, 410 98 R SRy ) & A L
*1,
2.1 IgA 5%

IgA B9 (IgA nephropathy, IeA N) 25 W HY
JEUR B /NBRYE R S M R R 1)
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Table 1 Role of AIM in inflammatory reaction and related diseases

RAE SN B AN R

Inflammatory reactions and related diseases

PR

Action mechanisms

15 PAMPs 5418 ] TNE I IL-1B B A S BE 1L-10 2008 3% % €D163 MERTK ,CD36

p3raraa

Inflammatory reactions

polarize to M2 type

I VEGF 23k, B8l 5 WA 1) M2 U A
Combining with PAMPs!®); inhibit the production of TNF and IL-1B, and promote the secretion of

1L-101%% ; induce the expression of CD163, MERTK, CD36 and VEGF, and drive macrophages to
[20]

A B% 55 1M 454, B0 1oG . IgA 1 C3 RYTTRL 222
IgA N Binding to IgM, affect the deposition of IgG, IgA and C3
A & S ML B S0 Th17 A AT SA1E 724 5 5 p19 AL 41

Autoimmune encephalomyelitis

O ILESE

Myocardial infarction

Affect the plasticity of Th17 cells; binding to p19 subunit

SEI TLRA 388 4 9% 30 1 9 0 S 257
Affect the inflammatory response driven by TLR4 pathway

JgA N i JEAZ s AL T2 I R A S, 24 S e Bk
B A(IgA) IgM RIZEERE M G (1gG)  Fh A 3
(C3) 25 HAEE A DURUFE B A 3 BUR 3 4 0 A it
Pt Kt I AT e o e AR T FE IR
HAIM 5 R R 1gM 456, T fae IR0t Ho A
Z Y E RS — R A R E R A IgA N
KIRHLHH gddY /N FRBLARY  ULEEE] AIM RAETE
INER, IEE TeA DU S5 i, R4S 7E AIM S [A
(AIM™7) 19 gddY /DEUE /DRI T 1gA YR,
B TELZ 1gG IgM F1 C3 JUFR, XA/ Bl 52 B 4
U512 I, AIM 4 F 1M R/ 5K 1eG 5 26 /i i
(1) TgA Z54 P2 P20 M B3R B /N BRoRm [v] Joi T 4
b AR A L T ok DL I R SE TR IL-18 L 1L-6 Al
TNF-o AN 22 G FE 22| i Sb L M) g i TgA N
k>
2.2 BEEREMMERERX

AR FTUESE AIM J& CD4* H B PE T 408 17
(‘Th17) 4 A S50 1 i 40 il B, 7 JE 20 1% Th7
S g BE A1 AIM S2 0 Th17 40 fid i v 5
P, Th17 4UAAE [ B e M RORE Hh & AR 2
Wang % & B AIM 7EAEBURYE Th17 40 o &k
T ARNFESE 0 M [ B G0 P i A8 % (EAE) /N
R PEAE M T 235 IESE T AIM AE R P9 R B
JEHIE R I AIM P8R 28 AE B0 Th17 40 F;
N EOR RN, 53 AMA A AFFTIESE , 1L-23 19 p19
WHEAE EAE i f2 P 5 AIM 454, MLiE pl19/AIM 7K
S 551l A IR 5 B A OG , CDATT 40 s S p19 Bk
PR/NRATES AIMT /NI /R EAE R 8 3% 2%
i, #8787 pl9/AIM 5412 — b v 78 110 3 250 S

TRIRYN T 7E EAE 9% AT R EAE
2.3 AAETE

O UAE BE 25 5 | TR B8 240 Ji R0 440 it &1 32 J5 B i
PR 231 (R SE I, 3 A A 2 1o SR A% A A
Jo AR A PR 1 77 A AR A 240 L T 5 4
P LU T R | 055 A= 1 RN BT 2 240 6 1 3
A FEIRIEIE A SE AL G, 3 L HL ] 1) 2% o8 AT
AE B LGN 5 55 Fn 41 i fb , B & B0 IE ) fE
ZARPY L GRS R IR, AIM A EIVE TS Toll BE 3%
A 4('TLR4 ) 38 [ 9K 21 (1) 5 i J2 7 B9 /0 A 5K, 78 5k
ARENBKEEFLIG , 5B AE AL (WT) /N A, AIM T/
O JILZH 2 TLR4/NF-kB 3 % HF NF-«B £ IL-1 52
PRAH I 4 (IRAKA) 36 b 78 0 WU BE J5 0820 | IF:
HODHUEAE G AIM7 /N B LR 58 4810 4 Tl A 75
SR — SE Ak A A TS P PR, X s B B
AIM /N A O UAE B J5 4R R 1) & A=, DT 66
LA 473068 0, F2 0 ATM. 75 2437 26 J5F AL ) 82 9
PE R R AR

3 AIM ERERR B REXERFHIER

VAR R NS I A (LAL ) J2 MR [ e i A H 3o =
P A ) SRl , AT DFFEIE SIS LAL A& PR R 2 /N BL Y
JF LB fie 26 2 e 2 1 B T S A IR R JF
H AP IER /RS, F LAL J R R /) B il
AP AIM JE 25 R ik e i A FE IR S0k B3l T
U 70 i, RAERAEIR AIM TEAH SCHR B A v 4 4
TEREY,

Kimura 55 7 il 4L 214 i I3 201 2 53 #7465 2
N, B4 T WT /N LPS I JLR IR B Bt i 7K1 S
FHINAEAE ATMT /N B AP X BRI T A 5k 2 9
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AR LPS 35 L, S SeidE T AIM 7N AR
W E AR, e T REAE JE B0 ] AR A 5
Yy, AIM AR TN BRSBTS 43 A, D
2,
3.1 BhRkREEEN

B Kk o A T8 L 1% o ELRR AL J2 2 Uk BE PN B 7
FURAH AR R 1 B2, Mg 0 A1) 25 L 78 3l ok ok o i
IR P % B EE MR RS EREA
(LDL ) 2 IF [ it 3= 2 0 40 B A1 28 A, LRy A Bl 0 1
AL A Ay AT B i, TP B AR R 2R
F1(oxLDL) , i & B E & £ AR 4L oxLDL HikE
YRy B A ML ) Ak 2 51375 39) , A1 1 PR A 4 R A A%
S3AE R ELREAAL , - TN Bz A A, oxLDL 8 F
WV 248 308 2ok V7 3 5 A2 AR BRI, DA A bk 7 B o
(Y TR 40 B hAIM 5 oxLDL 45 & Jf 42 3#
CD36 /31 oxLDL 2L, Jf H AIM 4 B T3 fin vy
A,

AIM & 24T oxLDL 7 4 (14 W 2, 75 ) Bk i
B 722 YL TR 200 i v o B 3R 6 AIML FER A8 T
FAR ARG B H Y75 B 7 2 LXR/RXR 5+ —
RIKMIVER, IF H AIM ™™ 5 0 20 i 75 A4 4P % oxLDL
T 0 T e B R AR PR 3 IOk s A 5 s A v
PEIRTD AR IR, = AR
JIE £ 11 32 1& ( LDLR ) 1) /Iy BN JECZH A FE, AIMT
LDLR ™™ BRI /0> BRI 5 30 Sl ok o Ao s 1 s A% (2%
W RS A5, ATM Y 72 AR A E T S kR RE
R A 72 v I A L A3, T AT 114 38 2 3 3 3

T WA A A T ek D T R AR R R Y
WFFE IR, MafB ( 322 7% 20 Jikoiks A B £k 555 22 6 7K 20
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JRLR T I R 0 8 T % 8 T LA e R 1 3
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R R MRSt T LA A4S R AR 5 9 S A& A, IR A
R £ s M7 4 A ek = TR K S 1% 1R N B U 1R T 3
it TLR4 AR 14 ML 6 3K 2 W5 48 Jf g M1 78 A
R ATM BB I [ WML 5K ) vk i 1) M2
R AL

AIM i CD36 WA FIRE T 401, IF 5 FAS 45
A, FBFAS BTSRRI A AR . HLAk, AIM
AT LA A 5 200 it 3o ST 0 Tl A 344 5 0 900 7 1R
(PPAR-y) 6 i PR AR, DA T S 3850 = 1k H i s 47 P
DT BRI R (S A 80, RUAR i e 8 A 27
(FSP27) Fl g 8% & B 7 Kurokawa 251 3@ 1+
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Table 2 Role of AIM in lipid metabolism and related disease

Ji ST B AR S PEHILE
Lipid metabolism and related diseases Action mechanism
fig At S0 LAL, LPS 175k

Lipid metabolism

Affect the expression of LAL and LPS

2 5 E 40 oxLDLI ™ 41 CD36 415 A9 oxLDL PI4L"" s LXR/RXR-AIM JH 45 H 5% i

KR fL

Atherosclerosis

=)

Participate in the uptake of oxLDL by macrophages; promote the internalization of oxLDL mediated by

CD36; LXR/RXR-AIM regulatory axis affects apoptosis

PEE E AN AR AL s Bk CD36 B BINS 4N, 5 FAS 454, % SIS AL 5 B AR NS 1D 41 i
PPARy i 7 5 72 MR i ANS IS A0 | DT 5 S 38 5 S HEL PR A 5 1 2 328 e 3 0 1

- Kb
Obesity

Regulating macrophage polarization; it is swallowed into adipocytes by CD36 and combined with FAS to

induce lipolysis; decrease PPARYy transcription activity of adipocytes; infiltrate fat cells in the blood,

thus inducing lipolysis; it is a biomarker of obesity-related autoimmune diseases

2 USRS
T2DM

WA TLRA 0™ 2 I 7 A0 o A D) 5 S B T2DM 95 2 1 SR R R A i

Activating TLR4 stimulates the production of chemokines in adipocytes; it is a marker to predict the

decline of renal function in patients with T2DM
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Etiology, pathogenesis and animal model building of premature
ovarian insufficiency

YANG Zhihui, HU Yang” , ZONG Zheng, SUN Xiangming, SONG Hui, CHEN Yingxiang, XU Beilei, ZHANG Wenjun,
CHEN Luning, LI Wenlan "
(College of Pharmacy, Harbin University of Commerce, Harbin 150076, China)

‘

[ Abstract]  Premature ovarian insufficiency ( POI), also known as “ovarian insufficiency” , has an incidence of
1% ~5%-. The incidence has been on the rise in recent years, seriously affecting women’ s physical and mental health and
quality of life. At present, the cause and mechanisms of POI are still unclear, and the method and applications of model
construction are also confusing. Most models have some shortcomings in pertinence and stability. The limitations greatly
limit research into the clinical diagnosis and treatment of POI. This paper summarizes and discusses the etiology and
pathogenesis of POl and the construction of POl animal models to provide a comprehensive reference for those
studying POL.
[ Keywords] premature ovarian insufficiency; animal model; etiology and pathogenesis
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Table 1 Types of genetic factors associated with premature ovarian insufficiency

B T

Genetic anomaly type

S B B (B 1K

Abnormal gene or chromosome

=30

Expression

45,X/46 XY QiR G
45,X/46,XY chromosome mixture
RIS

Chromosome abnormalities

47 XXX

46,XX

AR IRV EE 4 SRR, i LW Bty BB R g 707

Different degrees of gender ambiguity, fetal stage of oocyte apoptosis.
ST RERERG , JE PR A2

Ovarian dysfunction, periodic amenorrhea and infertility.

AR 1 U9 S AN B R R PR B D RE AR 21

Different degrees of ovarian dysplasia, idiopathic ovarian insufficiency.

FMR1 #:[A
FMR1 gene

P TR B B 2 MR R R,

Early follicular development is stagnant, the number is reduced, amenorrhea and

estrogen are insufficient.

BMP15 [

LRI U0 ST AEEEAL , Ak RIS POT

Many types of ovarian dysfunction, such as precocious puberty and POI.

00 1B 40 O URN B 900 1 2 7, S B0 L e
Affecting the formation of oocytes and the development of follicles, leading to

premature ovarian failure.

MM _E A T A R 3 R R IR 32 A, AR B 2R R (follicle stimulating

BMP15 gene

NOBOX %A

PP R NOBOX gene
Single gene abnormality

NR5A1 J:[H]

NRSA1 gene

hormone , FSH ) FIfi¢ # &4 5 & (luteinizing hormone , LH) TG EI LI
Expression of gonad, adrenal gland and pituitary gland is impaired, and the

receptors of follicle stimulating hormone ( FSH) and luteinizing hormone ( LH) are

inactivated.

B SR JG3: TE 0 S, BEL VBT B 96 A8 80, 410 4 M % (estradiol 2, E, ) S5 Y

FSHR %
FSHR gene

Y,

Ovary can’ t respond normally, blocking follicular formation and inhibiting the

secretion of estradiol (E2) and other hormones.

FOXL2 %:
FOXL2 gene

e TR0 L 0L L0 1 43, 0 28 T 2, A B i

Destroy the differentiation of granulosa cells and theca cells, affect steroid

production, and weaken reproductive ability.

E2 b

Polygenic abnormality

FIGLA 3£ A
FIGLA gene
GDF9 3
GDF9 gene

BIRIB AN S FLE R S RE

Destroy egg cells and affect their reproductive function.

WKL 24 R 2 AT

Content of progesterone produced by granulosa cells decreased.
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( gonadotropin releasing hormone , GnRH ) f%) 52 15t AL il
SRR T il - A - OR SR 5 & aPOL,
LA 75 BH A5 4 25 (zona pellucida glycoprotein 3,
ZP3) % [ e hi ik 2 T 3OT o il — 2K - 5P S5
RER AT H N5 & A AT  ARZ SR
[F] I AE DGR R i 38, POL 1Y & AE 5 4 pa A A3k
TR BEPE BT FLA — 1 A G | I 82 B 1Y) 092
ik MRS RE S POLL HIG KRBT ST i
Wik ERT
L 1.3 BERERER

15 POL I 2 R0 2R 2 v BRI RO
Tt AR HOT ACST T ARG TERAEIR YT 24 i
ST AT S T B TE 2 D8 9 40 P A ) B 2 5% B B
MIE R HAUE AR O, T i A b i AR A a0 X -
SPER y— ST T AR FE AR AL DNA 65 B, £ B 5
Hf IR, P IEELE Y AT 2 AR A R
AT 22 bE R A HAT B i B 1, AR A g —
Fi DNA 22865, 7] T4 DNA &5 oL #2410 40 i 43
241755 DNA 545, JF 5| A ML T SE T i 7 B
PR g 1) = 53 PR A ™ W A W I i BT, T 5
DNA ZZI&, i) DNA S #e , [F] i a] sk 0 Ji 4 B9
WK R URLAN B Y 8 Tk T 5 B S T RE Y
WES R LR TR DNA BB Re S, B
DIEL I R G, T B R 28 R L R o AT 4k
AR T 25 B R B BR A0 B v 7 A R AR
PR EEEME R AMIFIE R 7E — 2L AR R
ARJF 2 B POT BYAHSCHE AR, LE AN BR 5115 A i
FALAE TR 78 TR b B o 4 1] H 8 AR il TR A
BB AR D 5 2H 255 25 T BP0 4G 0, fel B R
e E>
114 FEER

H W5 BAT AR SR L S W =15 T POI
MR XSS YT B SRR E AN
CRGE W R GE AR, 520 N 73 3 G2 Y IE
HHIRET W A A PR, HE— 0 e O SR D RE
ELANRUY A S8 H RIS | 4 e A1 3R JpUJoe
AT, U A ATk B RS SR DRV, 5 R B
AR U P RS A AR R T R R 2 T
ol I DI 960 52 O 9 K5 o, 10 ) KL 200 i A0 4 5
I BEARRIURL AN 288 [T W5 03R 9 0 W, R BOR DGR
IR B, AR RLOK S T, 2T S POL Y &
AR e R AT R R — TR R
A 4 5 T2 R S 5 A UK I ¥ 2 T 7K OF , RT3 A 4

&, EmiE L po1
1.2 RENH

YR B DN REA A — I e e FDIR S 7 RE
ZRHLEI 1R, 1% BP 5 TR AN EHLE IR A T
FFEXT TSI R IR YT SR B | ST Bl R
FFE il R S B A s RS B 2,

2 EhEBE T R R AL

Y1 5L 2 BE AN 24152 5 i) L P i 1Y B RO
Z— R B R BT i w5 IR AR T
FUA, PO Sl 58 R ) 4 s J5 12 22 LA VG B2 B 45
S, MR LA A 3R T 43 D B AR AR Y AR AR
T G PRI R [N T AR AR A5 T 0 2 55
FUBRIAE 7 1k SR D2 3

3 HitERE

3.1 AERFERERRIERF

FE POL Sl P B EE BT, J5 T[] 1 DT 7 >4
VERE T A BT XA AR B2 U R AL i POL
SR ALE AT R 245 ) B S A O T i R A T AR
TR AR g 5 247 40 3ol A AT 35 B A Wl O P | DT | B2 T
M BT 2 A, BT 25 W s 1 2 ROk A R
Z SRR A D 0T 5 POT BR3% 2 [H] 1Y
KA I PR X4y -9 2 BRGT, I R A
Tk Z T Mgk oE v % 0 2 AR LD 2 (1
ANEL 3w Ve PRI AR O 2 B 3 s BT M 7R
JiEg 55 POL AH OG5 rp Al e 456 0 o R 4f AR a8 ]
FHE POL Zh Y B A i ] BE % D -k FLME 17 &
B M7 T POL S ACEAH G 9E . ARk f i
I Z A POT Sl BB AT 56 436 0 5 e 2 il 71, 2%
J5 i e BGE T POI 5 A A G 9T . AR 9 ast 4%
K2 A PO Zh B RURT n] e R 58 DF TR ik kA7
AL 207k BTN A (B i Tt e R F 3
POL (i LLECR , R s e R 5x e e, 28 1
JIri  FERF AN R [ 2R S B0RY PO B9 B, I IR 1
ATHRHEAS ) 1 B0 PR 2= 3 88 5 18 W 5 ik i T s
BRAL Y AA
3.2 AERFRIEIERRIZE

POL 1Y & AL 200 S B AN T L A W 4]
PR A A%, HOAH DG 3E # A TGF-B/Smad , PI3K/
Akt , Wnt/B-catenin , SIRT , VEGF/VEGF-2 | Hedgehog
%, HATHIR R B, BEIEPERIAL RS POL 1Y %
WA PI3K/Akt/FOXO03a {7553 [ ; H P IR g ik
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Table 2 Pathogenesis of premature ovarian insufficiency

B

HHSRAR = 1 i

Mechanism type Correlation signal path

kR
Regulation process

AHICTE R 57

Related genes or molecules

AT
Apoptosis

A A W
Autophagy

SAALREFL

Oxidative stress

A T UL . 3 — 3l
{7 % 8 I ( PI3K/

Akt) %]
Phosphatidylinositol
3-  kinase  signal

pathway ( PI3K/Akt)

A RKRHT-B 15
S (TGF-B) >

Transforming  growth
factor-B signaling

pathway (TGF-B)

Wnt/B-catenin 15 5
g [30)
Wnt/B-catenin
signaling pathway

M AN A KA T
" % @ B
(VEGF) %!

Vascular  endothelial
growth factor
signaling pathway
(VEGF).

O S B
(Hedgehog) 1
Hedgehog

signaling pathway

SR
Oxygen
sensing pathway

XL TRACHE (SIRT)
eI
Deacetylase ( SIRT)
signaling pathway

SIRT {55

g [36-57)

SIRT

signaling pathway

PB3K/Akt  fH
g

PI3K/ Akt
signaling pathway

C[E

FLAERA 15 2 AR S5 &  PIBK 300G Akt A0S L
IR e i (E 1),

Including the binding of stimulator and receptor, PI3K
activation, Akt  activation, downstream  signal
transduction and other processes ( Figure 1).

AT RN 7 5 52 K455 AR  Smad BERRAL
Smad FHe s K F 52 A I8 B e TR e S i 4 4 g R
(H2),

Including the binding of stimulator and receptor, receptor
activation, Smad  phosphorylation, Smad nuclear
transcription factor complex formation, gene transcription
regulation and other processes ( Figure 2).

AR TE Wt (55 RZS Wt (55 180G AW,
B-catenin BZHE A FEPIFE SIS R (F 3) .

Including Wnt-free state, Wnt signal activation, complex
nuclear

formation,  (-catenin translocation ,

transcription regulation and so on (Figure 3).

gene

BLIE VEGF 52L& B M5 &5 ()
0% PI3K/ Akt MAPK/ERK {35 % ) & #2032

Including VEGF binding to receptor, receptor activation,
downstream signal transduction ( which can activate
PI3K/Akt and MAPK/ERK signal pathways) and other

processes.

LG TCHIR 5 SRS AR5 5 0S| Cli #e ¢ 1
AP B PR A SR S R (181 4)

Including hedgehog-free signal state, hedgehog signal
Gli transcription factor activation, gene
transcription regulation and other processes ( Figure 4).

activation ,

AL U i (AN 3 R 7 — HIF ) 30  HIFa F
ETE A T RIFRE 1B HIFa 55 HIFB HYZE
A HIF AW SR TT 1 JED e st Sl 72
Include activation of oxygen receptors ( such as hypoxia
inducible factor-HIF ) , stabilization of HIFa subunit,
stabilization under hypoxia, combination of HIFa and
HIFB, transcription activity of HIF complex,
transcription regulation, etc.

B35 SIRT 8 A9 VEWHG \NAD™ i 4L IR 1) 25 Bt
b D R R A R

Including SIRT protein activation, NAD® catalysis,
substrate deacetylation, gene expression regulation and
other processes.

5 SIRT 20E 193 HE9HR NAD™ b e 49 % 2. Bk
b FEH R IR G,

Including SIRT protein activation, NAD® catalysis,

gene

substrate deacetylation, gene expression regulation and
other processes.

FLAERA 15 2 AR S5 &  PIBK B0 Akt f30E LT
lief5 e S

Including the binding of stimulator and receptor, PI3K
activation, Akt  activation,  downstream  signal
transduction and other processes.

PI3K i \PIP2 PIP3 & PH 45 F sk i) &K 1 it
(Akt,PDK Il SGK ) | = bk 44 B2 & A Fi§
(caspase) B TR EL 20 iR 2 LR (Bel-2) A9
T-8 [ Bax.Bak  JHT-#H &N F Fas fll Fas-L
mRNA NF-kB .FOX03 [ 745 %) |

PI3K enzyme, PIP2, PIP3, protein with PH
domain ( Akt, PDK, SGK, etc. ), cysteine
protease ( caspase), B lymphocyte tumor 2 gene
( Bel-2), pro-apoptosis proteins Bax, Bak,
apoptosis-related factors Fas and Fas-L. mRNA,
NF-kB, FOXO03, etc.

TGF-B 43T Smad %,

TGF-B molecule, Smad kinase, etc.

FOX03a,Wnt3a'*'' \Wnt 2 4, TCF/LEF %4t
BFEAS,

FOXO03a, Wnt3a, Wnt protein, TCF/LEF and
other chromatin proteins.

VEGF-A .RTK .PI3K fiff ,PIP2 PIP3 7 PH %%
FA 3R B9 8 1 BT ( Akt PDK Fil SGK 45)
VEGF-A, RTK, PI3K enzyme, PIP2, PIP3,
protein with PH domain ( Akt, PDK and
SGK, etc. ).

Gli #:5%HF Smo FEH . Glil FH kinesin &
E M O(Kif7 ), Hh @ % R W 4 T
(SUFU) &34

Gli transcription factor, Smo protein, Glil
protein, kinesin family protein ( Kif7 ), Hh
pathway regulator (SUFU) , etc.

HIF VHL & [, 6t %0 0 i T f (HRE) |
VEGF fELL40M A4 18 3R (EPO) %%

HIF, VHL protein, hypoxia response element
(HRE), VEGF, erythropoietin (EPO) , etc.

SIRT 2 KI5 il NAD"  p53 . FOXO %% 5%
HT4E,

SIRT protein family, coenzyme NAD', p53,
FOXO transcription factor, etc.

SIRT 2 A% 4l NAD™ | p53,FOXO #% 5%
LEZN

SIRT protein family, coenzyme NAD®, p53,
FOXO transcription factor, etc.

RTK,PI3K [ \PIP2 PIP3 % PH 4% #4315 () 25
FIT( Akt ,PDK 1 SGK 4§) e MR
(caspase) e8]

RTK, PI3K enzyme, PIP2, PIP3, protein
containing PH domain ( Akt, PDK and SGK,
etc. ), cysteine protease (caspase), etc.
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1 PI3K/Akt {5518 %
Figure 1 PI3K/ Akt signaling pathway

B2 TGF- {55k
Figure 2 TGF-B signaling pathway
755 POI R 2L 0 AL N & 72 L cAMP 2515 518 B1/Smad3 Z5H I AL HIAE T POI &l i 2k
B A5 S POT A o & 8 | P9 5 X R 38, TGF- FARFIT- /425 S POL, PR35 T P07 £ %
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B3 Wni/B catenin {5 518 #
Figure 3 Wnt/B catenin signaling pathway

Bl 4 Hedgehog {5538 %
Figure 4 Hedgehog signaling pathway
VCD, Hoid 5 40 M 08 T A0 M B R AR LA &2 PIBK/ PI3K/Akt {5 5 1 B 15 5 POI, S0 A 70 | &2 %
Akt/mTOR 55 %% POL, ACUPEAAINR A SR G S il 50 s A T B AL 0 44 | H: 32 2l i
D—2F FUME, H 32 0 ok % B B OR N  PTEN/ 520 Treg 20 ML A1 Th17 28 B i 8 45 S5 1k s 5 X 1
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&3 POI SRR 5k

Table 3 POI animal model construction methods

BRI SR R I% iajEie L PRtk
Types of  Experimental Construction Construction . Advantages and
. Related mechanism .
models animal method result disadvantages
TRET I, S JE I 25 L B LI
B RIEF A G0 B, T IR
RGP HLES S AT ) i D5 AT ] B NS
T 2 5T 2 mg/ AMHLE, JKV-FEAR, FSH KF-Thi,  Bax B Bel-2 MYIRFHBURANML [0, R 2% & | A
ml I B FEWE TR Bax 20K II G Bel-2 FUokT © VT BEHTNF-o L 1B P IL6 {5 EXE BB B R
WIE1S AN e SRFREHURB AR 5
SD KB 2 mg/ml. Weight loss, estrous cycle disorder; i Bl Modeling  method s
h BB . f . . . . . . .
SD rats cyclophosphamide Ovarian interstitial hyperplasia and  Regulation of Bax and Bcl-2  simple, the construction
solution was fibrosis are obvious; Uterine gland makes granulosa cells apoptosis; time is short, the
injected atrophy; The number of secondary Release of TNF-o, IL-1B, IL-6  success rate is high and
intraperitoneally follicles and mature follicles decreased ~and  other  factors  induces the cost is low; But it
for 15 d. significantly; AMH and E2 levels oxidative stress in the body. requires high
decreased, FSH level increased, Bax experimental operation.
expression level increased, and Bcl-2
expression level decreased.
BRSSO Aok 9 Bk
T [ A LN EE A KA
e R Y AR g e
il SOk . st
31t 0 ~ . f’f:‘”]. Ny : s G j‘:?»\
i, TR st iy s BRAN TORBL g g b i
e e A, el A we
JE 5 . 1o ° . R . odeling  metho is
L%{}?‘E Ssri)jr(lﬁjh Ojsl . mi/ 1"nL Weight loss, estrous cycle disorder; It promotes iron - sagging in simple, the construction
atrogenic ats m[syj atin :GO'ut‘l():ll ovarian tissue atrophy, thin uterine ~Ovarian granulosa cells and Causes e s short, the
was - njecte wall; Number of mature follicles —Ovaran dYsPla;“a and ovanan - guccess rate is high and
intraperitoneally decreased; AMH level decreased. tissue fibrosis in rats; Inducing o o s low; But pay
for 7 d. endoplasmic  reticulum  stress L0 Ty injection
leads to autophagy of granular g
cells; Inhibition of follicular
TGF-B1/Smad3  pathway  to
regulate ovarian function.
TS VR TR L R
—_ ; 1 1 3 5 (1
< B S KL e b e o b fAe i e e s .
2550 Gy.2 Gy o TET EIE SHBII MR SN sagtmpn sesempmman pisks & 5 i 38 1 b
Gy .6 Gy X-44k, AR s A IR R I Ak/FOXO3a {5 5 i #, S5 (g2,
4t 7 4! JRF TS, AMH K FREAL. port# Modeling  method is
CS7TBL6 /MR 20 © Weight loss, estrous cycle disorder; L0 . . S .
. Whole body X-rays . : . Oxidative injury and inflammatory ~ simple, the construction
C57BL6 mice Bilateral ovarian volume reduction; .. . . ;
of 0 Gy, 2 Gy, 4 Number  of simordial  follicles  Mjury  activate PI3K/Akt/  time is short, and the
Gy and 6 Gy for 7 decrea.;e d. FSH plcvel increased én:l FOX03a signaling  pathway, success rate is high; But
d. AMH leve’] decreased leading to POL. the cost is high and the
’ clinical applicability is
low.
a0 TR FHER KT S0 TR IR Bl
HTD 40 me s T e L LB SRIG I SR K 9 . B 0 0
jl [M]tb'““ © B FSH B EIEESCE, BT caspase3 . caspase9, Bax E B K g gop e g
St 14 914 v A et L45) AT R T L R R
40 g/k lﬁji_g“o $ﬂ'|n1,71ﬂ1$ﬂ]ﬁ@{)§h: o f=n bEZI-({EE“ﬂ
Balb/ c- . . M¥X8 Pregnancy rate showed a downward By  activating  mitochondrial 1 PR ° .
¢/l wipterygium wend; Weight loss, estrous cycle apoplosis pathway and damaging Modeling  method  is
Balb/c mice M]l'ﬁ’rdu ” disorder; Ovarian tissue is damaged; mitochondrial  function,  the sm_lple’ with q hllgh
po ygly(:.051 © Number — of  primordial  follicles  expression levels of pro-apoptosis - ¢ rate - andlow
suspension  was cost
suspens Allv for 14 decreased; FSH showed an upward proteins caspase3, caspase9 and
fven oratly for trend, while E, showed a downward Bax are increased and apoptosis
’ trend. is accelerated.
SRS, W Ee AR
A0 GoRH, F#A% FSH AT LH ¥ 52— F o B A% AH G
TREMEE AT B e ST VEGE AR Ak AN AR TS Ok B A
MM 32 mg/kg, 2t R TR, SRS RIBISEAL: DU SRS A eik | S st IZE s BAS AR R 5 = T A
- 12 4L . TR E, ARG, FSH AKETFE It leads to the increase of negative L) B
SD rats Hydrocortisone 32 Weight loss, estrous cycle disorder; — feedback, inhibits GnRH It is a TCM syndrome-
: ) mg/kg was  Ovarian index decreased; E, level produced by hypothalamus and — related  model — with

injected into lower

limbs for 12 d.

decreased and FSH level increased.

reduces the secretion of FSH and
LH; Inhibition of VEGF and its
receptor leads to
ovarian hypoxia and atrophy.

expression

simple modeling method
and low cost. But it
lacks repeatability.
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g5R3
B SEd Wk SR I s
Types of  Experimental Construction Construction Related mechanism Advantages and
models animal method result clated mechants disadvantages
N v S . YEA Ty Th3%
R, S L sy, AR Gorenyapy i G
I 40 DT RA B, B IRHOR IKE S R g
P AMH E, 7K FSH /K7 T I A e HEE i)
o R AN B ARG ISHORTIE Vi womtioence s ORI
\2&3[48] (=18 ” 7J<¥“9] Modeling  method ~ is
SD K, © Weight loss, estrous cycle disorder; = .° . simple, the success rate
o Subcutaneous . ) By activating GR-CREB/AP1 % .

SD rats R Ovarian  atrophy; Number  of . . L is high, the cost is low
injection of 40 mg/ cimordial ceantral  follicles  and %S5 the expression of luteinizing q ;h licati ’
kg  corticosterone E}ature fnliiclf@ decreased: Levels of hormone receptor ( LHR ) in and - e d -aIIzF reation
suspension. AMH /an d E d(;(;r(;%(; d, an(/i fSH ovary was inhibited, and the :fln & dlng e" zwe:{er,

. 2 - expression  level of  related ¢ cosage and ume
increased. o ee should  be  strictly
hormones was affected.
controlled.
R ET T 2$
mg/ (g - DK g g e g o ‘ i
2L 4t 40 g OMSETL AR RUEAIG 2 ORI 355 sirTa/s0D2 %23k 7k ARy 1 A
o s Dk LHKHE, V- LH E, AT R (AT
IAwiiitin Balb/c /MR D aflng/( g d) Ovarian mass coefficient decreased; B ’ p) Y2 lati h ° i Modeling  method  is
Metabolic Balb/c mice o actose WaS  Number of follicles at all levels Yy cdown-resut ating the expression simple and the cost is
injected decreased: Level of E. and LH level of SIRT3/S0OD2, the levels low: But th Jeli
subcutaneously d d’ 2 of LH and E, decreased. tf)w’ . 111 © modeing
into the back for cccreased. 1me 15 fong:
42 d.
AR - 2 < g e S LR
WL TPRIEMR it mnzent s, 0L 0 AT Trex AN Thi7 4
}:?E%IHL?HA%E%E B MARRAE BN B A SRR P R RAERE ST Foxp3 IR 2 5 i A )
%rﬁxuﬁﬂ e /D3 AMH E, 7K, FSHLH K #1 ROR-yt FOFEN RaAKF B 48 5 R A8 5 2k S5 B
K The FUEI AT BRI, HBUOREE R AR
ey weet - MMANe - Borous  cycle  disorder;  Ovarian By affecting the gene expression High success rate and
ek C57BL6 /M, preparation . . . " . . .
‘ . . . atrophy; Index of ovary, uterus, levels of specific transcription short modeling time;
fmmune CS7BLG mice  solution into sole oo " g thymus decreased; Number  factors Foxp3 and ROR-yt in  But  th deli
d tail root: After spleen .an ymus decreased ; Number actors Foxp> an -yt 1 ut t.e mo‘elng
;m d  ixed of follicles at all levels decreased; Treg cells and Th17 cells, the method is complicated
imu;lzs’ MXCE AMH and E, levels decreased, FSH ovarian index decreased and  and the cost is slightly
o araiion was and LH levels increased, and anti-zona ~ premature ovarian failure  higher.
P _p, pellucida antibody levels increased. appeared.
injected.
SGIBUNIRA AN Tl HEH B B D
2 . AN A 3R e i S .
LS et | I T 1)
Gdp™ e ME R B 2 B(inhibi B INHB’) [52&\1& FSH K G mTORCL RS ARISUARER 75 {RE S 7 15 SE B,
MR Flibp38 53 /‘#ﬂﬁm tom B, = TN T B0 BT s e 12
FEHTHR Frop38™ ™™ /R | Declir[:io i fertility:  Number of el Short modeling time and
Genetic /R Oocyte-specific ri/r;lortii al f(; lliclzs’ decr(;ase d. Activation of mlTORC1  high  success rate;
engineering  Gdf9“*" mice, knock-out of l(]}ra.nulocyte apoplosis increase(jl overactivates  the  primordial ~ However, the modeling

Fkbp?’sflox/ﬂnx

Fkbp38  transposon
was obtained by

significantly; E,, AMH and B inhibin

fuce . . (NHB) decreased, while FSH level
mating two kinds
of mjfe increased.
BUBIEN 160 mg/  SMIAMEERL: BRSLALSUZ AL, 5050
mL VCD ¥, 3t AUNMIJH 7K J) 555 GnRH  FSH | LH
. . 15 d'%) IKFTHEG , AMH E, /KFREAR,
TR SD KB ; Fstrous cvele disorder: Ovarian tiss
Environmental 55 160 mg/mlL. VCD ‘ strous cycle disort er; Ovarian tlsb‘ue
disturbanc SD rats solution was is damaged; Apoptosis level of ovarian
1sturbance injected cells increased; Levels of GnRH, FSH
intraperitoneally and LH increased, while the levels of
for 15 d. AMH and E, decreased.

oocyte, which leads to premature
ovarian failure and infertility.

M PI3K/Akt/mTOR 155 i@
B T AU 240 1L B4 1
[

Inhibition of PI3K/Akt/mTOR
signaling pathway to
autophagy of granulosa cells.

activate

method is complicated
and costly, so it is
difficult to popularize.

L7 0, LA
L% i L7

B

Modeling  method is
simple, low in cost and
high in success rate;
But pay attention to the
dosage.

Foxp3 I ROR-yt B4 P R KK P M55 POI,
DR TR ASE TR ) ) FH 9 B 200 B R 5 R AR Fkbp38 %
BRI R TORE , HOl 0% mTORCL, i BE i AL
JE AR BT 5 POL, BT POL MR A i i %,
AR SE T I B — R R BOE B T 7 AR 2R
1 3 AL R F AR R X POT A AH AL I
AT T T B85 G R I R LRI A 4SS &
WP A TG R BT TR ST

3.3 ARERHEEH S

TERFFE IS RE R, K240 POI Bl WA AU 2 A 45 H:
ANTR) 0 o PR 28 ) A ) MR I I e R 3% A A
RUR] 45 259 (WA BEBE I R TR A2 H VA
LRI B BTl ) DL RO 45 T it AT s = A
T AT S B R AP0 A (E 3 S P Tk
IWGTAEE s 57 3 8 S 70 o e ) 2 o v X A T Bl
T AR 477 , 52 il 3 AR AR R 5 Ak AT A A AT A A
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' B K B 5L S AT () S 4 SR A A
F R 2R A 5 [ B s AR i 2 A M &
S S 3 485 R 0 T AR 5 3 S e o I s S A
i) K 5 TS S POT I 3 3 4 X -S4k y-
ST RS I 5 VR A B TR PR L T 3
FAPE Tz PR, AR AT P 2% kA A U A 2t
B, 38 R DR R TR B A AT
AR AR A5 R B B R i 9 v TR 3 A s A A
i 388 S B SRR 1 R A R A R AT A = %
DI RE | 1E AR () R AN W | A T TR
T, AR P R TR A A R, E AT
R B R TRV % O T A R L D
R AR A i R BB LA RPE AT
PeR i il 3 3 % VCD W, 1207 B I R
o AR ) AR, R TR B R R, 25
L RTIR R  R 2R A RE O B AR AR A AT AR A
VEBEIABEIERG AN B2 T AT A S o L
THAEZ T AT A5 UL A AR T BE % D-
PFUEHATIA T, W AR )z 5 b S AR
TR AT e fo e 41 il 500 B TR 4 1 3910 5 7 H ATt 5%
W B AR R R I TR AT R A IR B T
PAAYAT N VCD #1755 MR A /1 B %
SR TR R e AR IR BT P A A i
I whmERE A T 2 1 ST 25 LA K D2
FUBE VCD HE4T POL 55, M7 45 ) ] ff JE 2% 1
AR B IRNE | Sae P S W B AL DL Ry F R T2
TRIATIES, Hod DL PR AR R B oA T T L s O
W, FTUFERS EE POL S R B I | Al AR 4 52 9 B
MG LR A %, R FE IR PR 5T POT (9
PR ATLAS, PR B8 AN [5] 14 2505 ) o BE 6 503 19 1k
HEAT SR i g TR
3.4 SHEERE

Bl AR T B AR AL T = R 2y
mn il FH A 2 I R 152, Zo Pk POT Y & s R A i
T, WG, 2R 15% LR T ER NS
I POL eIk . # 2 BT, ¢ F POL B &AL
FAIF S A e 2 8, KRR N R FEA
wil S B RS H LA OCHL I T S i e,
BBl R I PO & & Z G 97 T B, (HA A 7E
VFZ BN & FIME S, B 5T 3R IR B A7 vk momT
DABACEE e bR, E A T4 R Rl A8 25 0 n AR R LR
Ja U A A A XU 7 5 A A S AR 9T
A FA R AR SR DARIT ik BAR AW ) (A2 4

P A S B T R 45 ) R Ttk — A g Y
PR PO s RS AL EA T o8 BT L 3 3L,
R 2R E A G EL S, TR BoKE POL S5 =
WRUELE A 1 sh PR R 55 45 /0 | K43 1 LAV 2 A
HESEATIE A, POL 78 H = iE i BL T A AR 0 45 F k8
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Advances in programmed cell death in post-stroke cognitive impairment
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(1. Henan University of Chinese Medicine, Zhengzhou 450000, China.
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[ Abstract]  Post-stroke cognitive impairment ( PSCI) is a common complication after stroke, which significantly
affects quality of life. However, the pathogenesis has not been fully explained. Increasing evidence has shown that the
mechanism of programmed cell death (PCD) is related to PSCI, including apoptosis, necroptosis, pyroptosis, PANoptosis,
parthanatos, and ferroptosis. Therefore, it is crucial to clearly understand the various mechanisms of PCD and their
relationship with PSCI, and to elucidate the role of PCD in PSCI pathogenesis. The article reviews six PCD pathways
related to PSCI, summarizes their mechanisms of action in PSCI, and elucidates the possible crosstalk among pathways to
provide a basis for clinical targeting of regulatory factors in the PCD pathway for PSCI treatment.

[ Keywords] post-stroke cognitive impairment; programmed cell death; caspase-8; crosstalk

Conflicts of Interest: The authors declare no conflict of interest.

fiti 2w S5 A BE A% ( post-stroke  cognitive I, BF5E &8, #8173 A KAS H 2 3 ml RE M B
impairment , PSCI) J& 48 7E A< 44 5 Hh B 452 3 RREAS , 23 7™ EE 5 ) 26 v A YRR AR R R AR O T
6 N H BB AETE B LI R AR A I R 2 &1L s b fple iy ke 45 | RS v T 4 4 45 A 6

[EETE ] T B 2RI 504 U 5 U (20-212Y1009) ; 7l j5 4 H BE 25 57K 5013 A A TR (P& ) R 2524 Rk R A
(CZ0237-08) ; Vil A A RHE TG (222102310529) 5 VT RE 27 1423 [ 52 Hp B2 I PR 55 i M B M 300 ( 2022]DZX005 ) 5 Il R 4
w25 A ARG SR H £ BURE(20222YBJ07) .

[EHE RN 1ML (2000—) , 2, BH0F5T 28 BF5T 7 1 i A U A HN SRS . E-mail : 565049543@ qq. com

[EEEE] AHA(1977—) , 2, Bl AT BRI, @20, AR S0 AR 2807 1)« B2 JR A A . E-mail : baiyj66@ 126. com



162 ] P B 2 ks 2024 4F 3 HER 34 55 31 Chin J Comp Med, March 2024, Vol. 34,No. 3

i e M FE T DA R i T e R, AR EUR
IR B A AR AR 2 el B A A oh A T R
() i 12, JC T K B A A0 Tt B ™ o/ st e, PRI
B — T S 7 R I A I 2 LA B O ks AR
INHITHBE

FE P4l I FE T ( programmed cell death, PCD)
e R A TR R Y A A0 B R st T X TR AE
Yok & 7 b AR, A sz 45 B PCD Al &
B2 R GEPENN , QNE 4 AR | BT 2R 2% 1 R0 kg 4 vh
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5 1 (Bel-2 associated X protein, Bax ) Fl Bel-2 #5 4T
7/ 2F (Bel-2 antagonist/killer, Bak ) [] 5 5 1k It
NS AR N N U S S G T NP L v
( mitochondrial  outer
MOMP) , K2R o B A0 s v, PR
FCAI AR T2 N F- 4 g 2 % C (eytochrome C, Cyt C)
59 17 8 B 00 - - 1 (recombinant apoptotic
peptidase activating factor 1, APAF-1) fHEAEH , #H 5
TG - e KA 9 (caspase-9) T2 LR T /MA | Bifi
S W0 T WERSONE ) F: e K 4 i 3/7 (caspase-3/7) LA

membrane permeablisation

A FREMEA R TR AR SRR AR MARBE
TR AR TRARE , i 40 ARG S AR AT, AE
TR MTER SR BB B IS S , 55k
HH Fas 1 2¢%E T- 38 25 B ( Fas-associated death
domain, FADD ) LA XA T-5 | & )2 e R 44Tl 8/10 1)
B ( pro-caspase-8/10) JE AL T 5 5 E &Y
(death inducing signaling complex, DISC) , fifi J5 1% £k
Y caspase-8/10 — J7 Tl 4% 24 f# 415 caspase-3/7,
AT e Bl A I 20 L T3 A, 93— O T W AT LAAE
N AKum Pl #0298 122 H BID JE M8 E X iy BID
(tBID) , SR J5 tBID A LR AR SMIETE 1 MOMP,
PE— A R R AR AR Y A g T

WEAh Bk B 22 ) UE Sl ZR W oA T ) 7 A
PR TR R B AR U I EORT
WA 215 K N B M N % ( endoplasmic reticulum
stress, ERS) , BN Mt R 3T & H A M5 R &
HHRR IS A A B 8 1 5O AR HTA F 2R
551, A7 ERS RRERAFAE, W i LR JR
la (inositol-requiring enzyme la, IREla) | 85 F i
R £ PN 5T M 384 ¥ ( pancreatic endoplasmic reticulum
kinase, PERK ) . ## 1% % s [N F 6 ( activating
transcription factor 6, ATF6) 3 LR N ES
B TS S AR T

WFFERI AR B IS 25 hdh 22 e v a] LU 2
I T — RIVE S A AR, I HLAE PSCT /MUY
T CAL X S AE A% 00 28 I B W iy i e i Tt
TEFK NG 30 ik 141 2E ( middle cerebral artery occlusion,
MCAO ) /N B RY v S B0 ki e I > 52 IX i E 2 21
i Bel-2 2 I FR IR KRG, Bax 25 (A A T304 T
[ caspase-3 A AKCF-Fhiy, 5K IG 45 R —
B R EAE N DR KR I E Fas  FADD 0%
fift 1Y) caspase-8 ik A, MAIHIIXFh b3 5 RE S I
LA T A LR T, A O AN B2 )
i ICRE ST U A BE TR AR X e 5 E U 4
AT A IR SN IR P 25 R AR 325 PSCL &
R,

S G e it S0 T, R ke LA o 3 RGN T 3 1Y
PO AN AL T T BRI~ 52 XA 2 T i 0 T LT
SRR T2 2 B AR AT SR B AR
PEHY&F 10T 73 91 ( ShuXueNing injection , SXNI )
A LA IE i 2 AR SRR AR Il A b SXINT 8 fili A<
H U S e A A % E R A AR I K
SRl 2 A T - Pt 228 50 1 I T DAL T 5 O ke i
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TEVE 5 15 (ischemia-reperfusion injury, CI/R) , 7£ 3.
VPR AT Ao 8 T A 2808 5F B F ((brain-derived
neurotrophic factor, BDNF) 4143 i) BDNF/ i 2 IR 4
fitf 3Z A4 (tyrosine kinase receptor, Trk ) {55 53 J ik /b
ArpR gy CA3 DAY 20 MO 4 1, 1k — 2D SR fil A
HUR B ETRIE Zh D e e AT O B R L
fi — 3 — 4 1t ( phosphatidylinositol 3 kinase, PI3K) /25
P B (protein kinase B, AKT) {55518 1%t BE % Ik
AR TTIY R T, 1S i B 22 T B B SR, A T
$2 = MCAO /N R 2% 2] g4 g ™, Hie i il
miRNA 7£ CI/R 9 % J& il %5 5 22 4E H. miR-
203a-3p Hl miR-153-3p AT LU i 1 il ¢4y A4 o1
SRS Z R (SRC) A5 1Y 22 2505 AL 2R 1 B
( mitogen-activated protein kinase , MAPK) {5518 1%,
TR IR T, B35 MCAO K BUAMBEE ™
b, 4] ERS 7] LA/ MCAO K B Sh i 220 1 I
TZRAAR CU/R SR AN RIS A7 R Befs ™ LA
AR R, NP TS 5 PSCL B & A K TR R
DI, S0 40 A 06 T RE A Ak PSCI, 3 i X fig 4%
Je A T BLAR BRI SE D A ) 40 LU TR YT PSCI
SR B
1.2 FFEHRAT

IFEME T, WAL P PR IR B, & —Fh 2 B K
2R 20 S8 TR HOE 2527 R A 4 455 4
JiE i e JHC RV 200 PR 2, 5 A T IR SR /MR 1 T
%, 32 AR BAE F & F B8 - 1 (receptor-interacting
protein kinase 1,RIPK1) A2 AHEAFE & F 3 -3
(receptor Interacting protein kinase 3, RIPK3) i &
%R O 25 M FE 2 H ((mixed lineage kinase
domain-like protein, MLKL) i3] ARt

IFEMERI AR 5 4% T th FE T 32 A4 fih i, 491 4 e
SR PRBE AT (tumor necrosis factor, TNF) 224 1 ( TNF-
receptor, TNFR1) IR IR BE A AHOC I 12175 = Fe 4
ZAK ( TNF-related apoptosis-inducing ligand receptor,
TRAILR) . Fas, T+ i & Z 1K (interferon receptor,
IFNR) F1 Toll ¥£3Z 1K 3/4 ( Toll-like receptors 3/4,
TLR3/4) 2, LIBFSE I )2 (¥ TNFR1 S 491, 46
MIAEZ BIIRIEAE SRS , TNF 5 HAZ 1K TNFR1 45
5 RIPKI F&E A — EBHMRE Ak 1
(complex 1), FETSZARAHIE S BUM R 0] 51
SLAMRE 2R A IE R O RIPKD #6147 2292 R AL, 161k
# RIPK1 5 FADD | caspase-8 {1 J& YR 3L [ 7 37 &
FHICHE T L5 #3811 ( TNF receptor-associated death

domain, TRADD ) 4 Wi iX & & 1K 11 a ( complex I
a) Pl WFSEIEN SR W e 25 PR AR T caspase-8
B HN ] REAZ fih & RFEPEJH T, FE caspase-8 I A I
PEMIEOLT  RIPKL SE4EI15 1 RIPK3 (122 R AL AN
BEmR 1k, T2 i — Fh i IR 1L 19 RIPK3 48 5 )1 #h R 1k
MLKL , T 5 RIPK1/RIPK3/MLKL {5 514 5 &
Yy, S SR I b (complex ITh), XFRIRFE /N
A B 5 A 25 440 B I R, 0 DA BS54
PR A | TR AT A PR 25 0 5 S A RE s g >

WP T A A S sl i F1 C1/R #5245 )5
BAIE AT 2 — , FEACAPE MCAO AL
JAR AP S 3] 25 (oxygen and glucose deprivation,
OGD) &4 h ¥4 % ¥ RIPK1 F1 RIPK3 49384 hin L) Kz
RIPK1/RIPK3 & &9 BB 18 ; 56 wiy X6 52 56 1 Wi
WML AYEFFE N RIPK 5 404 S0 A0 T A 1 45 SR
AR ARSRIE IR T i EAE A R 13 B R, i
VTR B 5T 22 B, FE M 0l /0 BRUBE AR o G T B T
RIPK1 DA Kz MLKL (785 Ak, R A Rl 7K i 0 i filg 52
[% ( blood-brain barrier, BBB ) i i P4 1 il | i 2 4%
[ % A T R S A2 TT h MLKL RIS IRFEPE JE 1 1
LY E S

WBEN % — 1 ( Nec-1) 42 RIPK1 /N334 5
I, Nec-1 BEfE W 5% IR SRBEME R T M SC 3 (1 %3k
BT Zy A, DT % ik ki K i o0 VAR T 5% ik 245
F'2 0 AE LR | Nec-1 F4b 38 ] D 3@ 2 30 4 3R
FEPEPH T2 MCAO /N B 24 2 ie A2 i AR i
TS AR JEREAT R, IR B CAL XA 4T Al i
B0 AN A R IE R W, R A R T R A 3
&, 5] a0 siRNA RIPK3 Al MLKL %% 4% shRNA
RIPK1 #:4% 1] LU/ CI/R J5 B i 4 5E 14 F5 0 i
LR, I FLIAER th SR AU R 75 | R 1Y) 9 i S
VAR B ) RN NI B e el O o 1 I o
PSCI Y JE R 22—, 306 SR FEA4% I8 1~ ] LAAT 34 Bl /
o it A i 53 0 3 4 A AR ) DA R R A O 98 2 4%
i SR, A e I A v R A R A R TV A IR
IgtE N
1.3 HRET

I L £ T — A T 2 R D (gasdermin D,
GSDMD) /-3 AL 4 ¥ PCD JE 0, fEfE T
A & A ik Gt BT 4n A% [ 46 DNA 35145 91 fF:
A 5 REEFLAR TR B, 0 B P 25 40 A 25 L T e il 32 4
HIANS I g R, R T R AR ARG R
B R A 1( caspase-1) 25 1 £ HiL 53R /M &
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1RV LA NFIER AT 4/5 (caspase-4/5) LBk
KA 11 ( caspase-11) Z 5 1 9E 248 81 R 4 /N K
WY,

Z AR T IR AR LA R AE /AR 8 2 2B 006 O B
HF , MR RR 32 MS( pattern recognition receptors,
PRRs) 52 F A A SMHIBUR , PRRs 81 7] BUAH 5
VER 55 4 5 A 26 e K & il 35 A6 F0 353 4R &5 1 3
(caspase recruitment domain, CARD ) [ # T= H ¢ B
JFE 2 ((apoptosis-associated  speck-like protein ,
ASC) Il —FhZE AR EY, IRIE /MK, B 1
JF-E8 caspase-1 R LIE S HEE ™' 161k
[ caspase-1 /M FEET-FATHE 1 GSDMD 2 f# e
RAMLHFHAHAN R - 18 (IL-1B) 4L -
18(IL-18) F izt . #UALHY GSDMD N-A3i J Bt (N-
GSDMD ) J5i 15 r Jsi LR T30 4 L PN 25 4 DA T 2 502
MAETRIRAE SN 5L MAETIRE AR, JEL
BAE TR AN T B AE /A IO | T R T
A% FG A MR TR AY 41 AR ST RS 22 B (lipopolysaccharide ,
LPS) HEH4I% caspase-4/5/11 15 ALHY caspase-4/5/
11 )% GSDMD =/ N-GSDMD LA/ 5 41 M £ 1= 1)
KD

%1 GSDMD, Gasdermins 51 Ho At A2 53 A5 9 412
BB TR E . B9 &I, casapse-3 fE
1)) gasdermin E( GSDME) , M1 7E 15 GSDME A9
20 e R A 22 1 1 A0 O T R A O B T R RE Y
WKL B B ( granzyme B, Gzm B) 0] DL i 5

caspase-3 FHIAIAVEFH AL B4 V1] GSDME i
FRAI A caspase AEAKMEMETY 0 5340, A B9
UERH, WKL B A (granzyme A, Gzm A) 7] DL 4] #]
gasdermin B( GSDMB) , i 1L i) caspase-8 HE % 1] &
GSDMD, 15 P TE IR N St 3 14 58 5y 157 22 40
MRS AL, E— 2R A R T R A H T IE
AN AR TR INR 1 R,

e i A A v R A I eIt A% O DX SR BE AR
JiL 53 Wb 5% M5 AR O 43 F B 3 ( damage-associated
molecular patterns, DAMPs ) 7] L4 #% PRRs - 51l AT
Vo KMl 28 JT At M AR T, 51 AR AE 216K B 1z,
G L A R A R kR PR AR E CI/R
V5S4 PSCI /N AT v R B, R ZOR B Z [ 1 2
( AIM2 ) P Rl B 3 008 490 i) 200 i 4 T A B S S
B KA I S Rl oT B R W R T /N R
INAIZHAE R UE R, ATM2 405 /MA A 541 i
B2 5 PSCI WY KA, A, PSCI 4L 5 1% H M 45
T SERACEHY IR Z A4 3(NLRP3) RAE/MAST T 1Y
FETA &, WA IE A, CI/R #5145 J5 /s BU 4 48
NLRP3 (ASC . 4 f# Y caspase-3 DA M R 4iE [ ¥ IL-
1B IL-18 By R0 3 , (] NLRP3 f 24 B4
Tl CY-09 414 s T LA AT A E Y
P, W REBE T AR, 7 ik I 2 v /DN B 28 DT AR
TR /N 22 2 e A2 /e 111 el A
FERIE T ICAEY AT (PBM) 16 M0 ik 4= h 21 41Ty
AR A2 2 75 A D T B9 ¥ 77, PBM AT LS S U 55

®1 MpETEE
Table 1 Pathway of pyroptosis
Wi Vi SES PHEP T RAE/MA
Pathway Inducing factors Regulation factor Inflammasomes

9o SR S 23 TR SR R ARG
2 pET AR
Canonical inflammasome pathway

PAMPs, DAMPs, DNA,
RNA, toxins, etc.

B2 Y e s A EEZ A

Sy T DNALRNA, FERSE RBERATE 1R D
Caspase-1, GSDMD

R A 4/5/11, 1% % D

NOD 27 (4R [ 2518 & 11 1.NOD
FESZARPE (IS5 MM G E 1 3 B R
Bz HF 2 &

NLRP1, NLRP3, AIM2, etc.

/
Non-canonical inflammasome pathway Lipopolysaccharide Caspase-4/5/11, GSDMD
T S 22 e T A ~$/;d381 ; - X
WERCEREXABIEE ™ sy Wisem s FRem 3, Wik e )
poplosis-associated Chemotherapy drugs, TNF Caspase-3, GSDME
aspase pathway
e s ] AL R 0 1, " o o s
TR R A MR \ B RACHE 8, 1 EE D
JICRCERRAMELR * g s o /
poplosis-associated caspase pathway TAKI, RIPKI D ,
WOkiEG A ARl THE-y 1 ORI A THRE B ,
Grazyme A pathway IFN-y 1 Gzm A, GSDMB
WOk B 1R AUITEMR AN WORIAEE B, RS 3, MK R E y

Grazyme B pathway Killer lymphocytes

Gzm B, caspase-3, GSDME
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AIM2 RAE/MAA T 10 5T, 40010 3 5 R R i S22 71N
JISE I3 40 LR A A B vy ke L4 ik A v S 1 S ] 2
FCAZRe s . DL iEHE R A R TN E A v
JE BB 3IF5 5 PSCI o BHLAE R AR 100 240 i £
TR AR B 2 1 0 1Y 220k ) LAYBUAR SR E S
38 PSCI, R RE R AR U7 PSCI LA il 2 v s
T TERERR .
1.4 ZHAT

TEFTA 32 Y PCD JE U 4 08 T SR SE T
PR T NN B £E T Y 43 7 WL S 0 W A BF Y A B,
XLEEICT Ry Z [BIAF AR S AR B0 1 W 4%, Ok i %
MNESE R IX 3 Rk A2 Z (A 72 4 o 2 1 HR 30, 49
T caspase-8 RE K AN IE I 40 i I T %% 7% Sy IR
TR T 0 caspase-8 BEYI ] GSDMD % & 41 fifd
B KT X B EHES T M
( PANoptosis) " FJHE &, PANoptosis & — Ff JE it
R Se KRG E 26 M PCD 144, i PANoptosome & &
Yoy B BT A0 08 T BRI T O
FRFE , (HIX SERAE A BE BN 3X 3 Ff PCD & 42 h
(AT fr] — o 34 4% i B4 . PANoptosome J& —Fli £
HEEEY, ARk A BT 40 U8 T IR SE
TR R T2 58P 6, AU 200 5E 7Y fi
KIRZEFRE B P ANoptosome L R, fih Az 2 T
FEALIRAR A 3 PANoptosome Y 2H %6, it — 2 817 42
T 20 M O T R SR AE P O T A9 R i 2 1 GSDM,
caspase-3/7 DA} MLKL 3k #4417 PANoptosis, T E( 24
P AIMIET-" " . PANoptosome 3 F H1 1% B &% (4N
MR L & Z-DNA 255 8 H (ZBP1) (NLRP3,
AIM2 %) GERECH (41 ASC FADD %) FIZR 4 (4n
RIPK1 RIPK3 caspase-8 ,caspase-1 %) 4, LA,
(EASFTE R A2, A [R] A S sl 93 mT E 218 A W)
Janit] PANoptosomeW] o WFFEUEH , ZBP1 HY) I
Al LL % 5 ZBP1-PANoptosome [T B, M 1 J& 3
PANoptosis, 1] ZBP1 A i 2R AT LA 56 4240 i) FH 28 i Jak
W EE (IVA) B 3019 PANoptosisMM o T IIESE
BB MR AR TR 0 ] 23 I BOE B RIPKT S
HLLMY P ANoptosome , 7 44k 7] B A HSVI BG4 5 |
i AIM2-PANoptosome [TE &

R, Yan S50 50 i M SCHR 42 4 ) B IE
W], 75 CI/R BFFE b AR R] BB A 2 1R L 3d 3 A
JZET I AT LARI I & A MCAO 5 5 19 K BB/ )
B CL/R 5475 LA K OGD 5 14 2 240 Jfd e i gk 4t
() R R 1B 7 3 W o € N e e

P ANoptosis & CH B CHEERE M, XRUTEME RS
WRIR TP TE PANoptosis BIRTREMEAR K, SR, H Al
AW ST B TP TEAL YL b i R AT AH OGO 5 4l
PSCI A A 5 /& SME AL i) PANoptosis, {H7E PSCI
140 B A= AL e, SR IO AR B 5 o i 3 )
- (B RS N L ol el D (S IS VAR O i
PANoptosis F PANoptosome [ 15 £ WF 57 K5 A A& B
PSCI AT #E JU ST L 25
1.5 PARP-1 k#1440 i 5E - ( Parthanatos)

Z K ADP #%BER G W 1 (poly ( ADP-ribose )
1, PARP-1) K #i ¥ 40 Mg %€ 1=
( Parthanatos ) & — F i 19 PCD £ =, ] 8 A fb N7
U Bt 1l R RS E S5 5 9 DNA B30 . &k
Parthanatos [ 2 JfLil 3 R I0H R FE AP TR IE S
U A4 20 I S e O | g 45 5 K 4 I DNA
FBeAk AR 1Y 42 , Parthanatos /~2>5 | 2 241 fifd A1 21
R SR

PARP-1 /E2 DNA $iffif& /i , RER A N DNA
P B AN T, 2 S DNA 0B 5= FE T, SR80,
DNA #5445 /= B B4 51 2 PARP-1 53 B 6 M i
£ Parthanatos, PARP-1 55 {if 1k 0T LLKE #h 22 00
Bk B IR P % — 4% 1 B2 ( nicotinamide ade-nine
dinucleotide , NAD ) /=4 JIEH) & UK it 22 56 — W TR it
H B M (poly adenosine-diphosphate-ribose, PAR ) ,
PAR &5 RARLAGH & MG N, S B TS
¥ (apoptosis-inducing factor, ATF ) M\ £& K7 {4 ik,
ALF 7E 20 M BT 48 55 B W 4 G & B A
( macrophage migration inhibitory factor, MIF) 3% i
RANEAZ D 2D A g 0 Tk 4 O 7 A R 15
~50 kb ) DNA Jr B[R], Joie 48 NAD i
RRLR ATP 196 B, B bR 1) e R A5 1 in 52 40
M543 . Ak, B SR caspase {E Parthanatos B3]
W caspase 1 70 AS GE D ] Parthanatos 1 %
E {2 PARP-1 # 5 5¢ PARP-1 JE P Bk AT A 5¢
A FHWr Parthanatos & 2E7% 0 H 56 B , Parthanatos
B & AT PARP-1 BB , T AT caspase

WFFEIEM | Parthanatos 1] A5 CI/R #1454 19
AEAET:, BRI PENGZE TR R AR S RO R % Ay I
BT, A E BRI RO N L -D R &
2 ZAK ( N-methyl-D-aspartic acid receptor, NMDAR) ,
TH Ca™ LML (NO) A 4 (ROS ) 74, NO
i A B A R S AR R R S T
ek DNA 461 {4 L) fik % PARP-1 3435, 3k 1 3 3h

polymerase
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Parthanatos"™ |, 4 H 89 BF 58 3iE B , PARP-1 91t &
AT BE 23 Pl A R A2 4K — B 7l 1 1 A e
I3RS CAL Kot J5 ik —2 i
FERIL, CL/R 45405 UL R R B A I ke iy B ot v
PARP-1 LI S AR i ATF 1 MIF (25 14 2235 7K F-
This 0085 2@ A 0 6 PARP-1/ATF i 42 % 1 il
PARP-1 1y ¥ % . AIF F1 MIF 19 4% 5 i, 38 2>
Parthanatos M T FEAEG i B SEAR B 2035 MCAO KR,
MZTIEEY ) YRR, PARP-1 570 A 55 K T
CL/R 5 51 45 3 2H 23 rh Al 2% 4l i D] 7 7K -, 41 il
PARP-1 {5 A7 1) T3 1 i 1) A S W A /b CI/R
VM B4, JF B3E CL/R B4 5 1R 1 1A 0 B
B0 Wan 5500 S 2o J5UA% T8 G 1 75 fh 22 Bkt 3R 5k
0% HE RN B, TR CL/R 453403 9 e B DR/ BT S 1K
HR] B, PARP-1 B3I /b il 2 A0 2 fi 2B A1
FetE H RN, 540 i Parthanatos & 45 R [F
& , X Z AN Parthanatos BE A% 18 1< {2 1 22 240 21
A R A ) 2R ) FNC AL G, X R SEE T
PSCI #Y %25 A AL, mTBEA I & 3R 7 PSCI 92y
P HBT AT 5 S
1.6 $KET

BRIET 2 —Fh O M i AR e PR 2 i SE T, L)
BT A R BRSPS PR AT
TR RS A Y R R, S EERE T
R I SRR AE 2 B SR AR TR /)N B2 R
BRI LR AU Ul D SO Ok SRR 2L AN A%
RONIE B e FABESE

BRI WY R AE DLW S Z R0 03 7 M AR
Mo Fe’* 554k 4 1 (transferrin, TF) 25 4, 38 1
R H 2K 1 Bz B 40 T OF B 4 R I 5
STEAP3 i J5 Fe*' | ZJGTE M @iz M 1
(divalent metal transporter 1, DMT1) BJ/EH T, ¥
Fe fifi 7 7E 241 i N AN F2 e 2t (Labile iron pool , LIP )
Hr, Fe® 3l idh & A= 25 s 7 A AT AL e D 1 E
H 5L, A M PN B I, K R R AE TR A T
FI Fe™ B ML T 5 40 B Bl AR 19 22 A 10 F0 AR s iR
( polyunsaturated fatty acid, PUFA) IV, 7= A K& AY
BB A Ak Yy, R S B A e T A BT
A0SR B4 System Xe—s& 1 SLCTA11 Fl SLC3A2
SRR R AR, T SOR AN 9 19 A R (glutamate)
s =AM AL, IF S5 A IDE R ( cystine ) i 1% 5]
AR IN, e IR HE A A0 PN B AR A B e R
(cysteine ), B J5 248 7% 2 TR - ¥ Mt 2 IR & 3 1

( glutamate-cysteine ligase , GCL) FI4 Bt H K& Al
(glutathione synthetase , GSS) FIfEfb A BLBT AL B
JOEH Bk ( glutathione , GSH ) > 45 Bt H ik i 4 1k
Yl ( glutathione peroxidase 4, GPX4 ) 7E 2 BR 41 il 4
Z RN B A A W i B vh & AR AT, GPX4
RERSREAR BT ik Ak 030 J5 by ARV 1) i e, £ L2k 26
PRI RS S B A R FE T M

WAL, St oe K B, A7 A8 HA Al 32 GPX4 1Y
BRICT-Bi M R G BRIE T 25 11 1 (ferroptosis
suppressor protein 1, FSP1) 1] FH A P iz A 02 v — 4%
H W8 BE MR ( nicotinamide
phosphate , NADPH ) ¥ & AL UG B Q10 (12 B ) 6 Ji
JHAPURALRE I B TR ER B Q10 (IZEE) , EH
g S o SR AL B A GTP B4R K i i 1 ( GTP
cyclic hydrolase 1,GCH1) /A 22 BePEHT & 1L 57 U
A NS (tetrahydrobiopterin, BH4) | H: I B8 512 %
AL, B 1k T AR

UTAER, — RBIMFIEUESE T #R3ET- 5 PSCTL A
Ko MR, — 75 T P TR Y kol i T e A2 4
() BBB kAN S BT, 3 4 2505 s A E ROS 774
73— 7Tl System Xe—3Z 41 ] 5 B4 P 2 e 2R
A0 AT 30 GSH #6385 Fl GPX4 16 PR B A%, 51
BN B E AL, BT R BRAH G A i SE T, R
T A N T A A A 0 IR M S RE
ISR, BRAE T M FV BRI R 1 (Fer-1) BYIBYT 7]
W/ SAE PR BRI, D8 MCAO 5 [ I P 22 D e
Bt i System Xe—H1, SLCTALL J& 4 kI FE T 11
B AR, [H SLC4A11 7T LA IR GPX4 3k,
RS CL/R 0 B A v (9 A I3 o S Ak 7K ST, DA T 41
R S 2 T IR FE T 2 S 10 RE DT
HrHIBIFTE K B, i 7 A IR ) 78 5T 4R i ( ADSC-Exo )
PEA £ E ) miR-760-3p, 7] LAVE I #AET-AH e 3k
PIAT BE H IR HF 5 Pk oy - 4 & I 36 5% B2 il 1
(' glutathione-specific ~ y-glutamylcyclotransferase 1,
CHAC1) MR IE, 547 T ADSC-Exo ifJ7 A LA#
miR-760-3p #l [ il 22 50 1Y CHACT , 38 33 T 9
PR ] P 22 5T B BRFE T, T 0 /)N B IR 1T
M A b S B2 AT A BB g b ] i A h
JERIERFE T W] DUAT 085 A T DI RE IR A R AL T
AT LIE S PSCI 697 8 3, B A9 32 255 1 417
AR AL T 28 ik T A IR A2 R L3 M 2 T B, R Ok
A] g — P IR T AL BRIE TR AR, O PSCI B3R YT
TEREBAT 5

adenine dinucleotide
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2 PCD zZafEH

VAL PCD @ ARAEZ A KV LA, Jpedt
F7, EATTZ 8] B HR R 2 AN T A HLs 221, mOR
A PCD 4 U 24 B B B IR 1Y 4 TR AE  (HAS
[FIE Y PCD 8 SeAFFE L R R 42 Ao 1R AE , OF
AR A N A2 % R A I 26 v Tz AR EAE T, — b
IR AT LAAME D) —Fh i 42, 5 22 Fh ik A 7 [F]— 240
R, BN, BRAE T AR SV A OB BT DL S
LR LT IT, AT JE] RIPK1 W2
Rt 2 BOIRFEPE P 117 UK 5 HE 90 (small
heat shock protein 90, HSP90) %4 6 ™M &R , 7F
OGD i 475301 18] 2 1% 3 i, WF 5 E W], HSPOO i i fie
#E RIPK1 BERR AL AR GPX4 I {175 T IR SE 1k
JHTTRIERIETS ', HSPOO 1 IR FEAE I8 T R Bk 2E
T[] B 3 [R]85 5 5, IR TR AR T AR AL
A, caspase-8 R AME MM T-15 %5 F & DISC 194l
AR ST, M NS TNF 75 i A A A L a 19— 7
51, UL LA A0 M TR AR R 5 b B A A AR
H. # caspase-8 H{IiH , Bid it V)] RIPK1 f 4%
ICPEVE 1=, 306 F Ui caspase-3/7 FF42 #F tBID &
B, BRI T A 47 caspase-8 B, K4 IE A
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Figure 1 PCD crosstalk mechanism centered on caspase-8
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Table 2 Mechanism of regulating PCD to improve PSCI
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Progress of research into pyroptosis in renal ischemia-reperfusion injury
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[ Abstract]  Pyroptosis is a programmed cell death mediated by cysteine proteases and is characterized by
mitochondrial participation, inflammasome assembly, plasma membrane perforation, and inflammatory release. As an
important mechanism mediating the body’ s inflammatory responses, pyroptosis plays a key role in renal ischemia-
reperfusion injury (RIRI). This article reviews the molecular mechanisms of pyroptosis, pyroptotic mechanisms in RIRI,
and the progress of research into therapeutic drugs in recent years, with the aim of providing a theoretical reference for the

development of early treatments for RIRI.
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HMPLFETH caspase /5, & —FlBr 4 MU sE T
755X, FL OB 2 270 B2 2 D (gasdermin D,
GSDMD ) 85 11, 7| 2 4H i Jof i | 200 e B8 g £L | e 4 0
AP, 1 B R o 20 TR B, = 3OS R
N &A  AE RIRT A B B v R 45 2 S AE T
— BB LT, A0 A TR ML B T R I N, A
FIT I AR A 95 A (H 3 BE B 25 5 B0
KIS EE AR5, HET RIRL AR YT 4
AL A GEA AR, 98 R, RIRT B9 B
A BEHLE AN B, AR SCIR AT T AR T 7
RIRT Jiig Bl 2 v (%) SC B E T RUAR DG RGBT 259, OF
4G BORTIF ST R IR ROk RIRT rh i S T i iF
7T, ik — 4 o RIRI H 3% 5 2 4 39
Z%

1 TR
ARG AN R T A LE ML, 220 e iR T

B RS MAET IR K caspase-3/8 BRI
(K1),

L1 ZBHEETEREF

th caspase-1 A3, 20 M3 S A AE 5G4 A
7 ( pathogen-associated molecular patterns, PAMPs) ¥,
i B AH & 43 F Bt 20 ( danger-associated molecular

patterns, DAMPs ) ] 3 ifd 57 #8% =C 35 0 22 & & A
( nucleotide-binding oligomerization domain-leucine
rich repeats containing pyrin domain 3,NLRP3) , {ifi H:
25 G4%3 25 H (apoptosis-associated speck-like protein
containing a CARD, ASC) , 1/5'F pro-caspase-1 H 5§
BTG LY caspase-1"* | JE 1T 24 33835 pro-1L-1B
A pro-1L-18 ¥ AL IL-18 Al IL-18, [A] B, 3% fk Y
caspase-1 Y] #| GSDMD, B¢ it H N i 45 #4 3
(GSDMD-N) ,GSDMD-N 55 41 fifd fi5 i i 45 4 , T il &
B2 10~ 15 nm (KIS , B IL-18 A1 1L-18, Bl
0 A KR AN A W A, 5 | R A A T A T
AR R
L2 FERAETEER
TENAR W caspase-4/5 4, 78 K B i

caspase-11 /3, 4 L 32 21055 J5L 1A J U5 | caspase-
4/5/11 YUIT455 IE Z K (lipopolysaccharide , LPS )
R A, SEIM 2% GSDMD £ F B GSDMD-N,
GSDMD-N SR ES &, T A M AL, e & 530
g fE T2, e AN, 1AL B caspase-11 A] 4] W
pannexin-1 18 B , Bt T ATP R7is IR & pannexin-1/
ATP/P2X7 j@ %, 512 ATP F1 K" SN, W0 24 /)
T HEMTOS 2 BT IR AR
1.3 &K% caspase-3/8 BIFTIR

caspase-3 15 B 953 SR FE I F — o ( tumor necrosis

1 UM AR T 3 S B
Figure 1 Major signaling pathways of pyroptosis
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factor-a, TNF-a ) B AT 25 JI LT, 2L i GSDME
(gasdermin E) , il GSDME-N, #RJ5 GSDME-N 5
UM, A S E I, 51 R AT TRIAR,
MR KLY caspase-1 WG PEBIN ] B | caspase-8 T #
FAE/ MBS , 24 GSDMD, Ji ShET k4%
1.4 HEH#RER

2020 4, Zhang 251"V K IR0 MO FEPE T bk E4 400
(eytotoxic T lymphoceyte, CTL) H %) 22 % IR £ 1 i i
kil B 7] 2L fi# GSDME, i F 45 17, [A 4E, Zhou
AU S PR — b 22 R R I URE A R g 2 AL
AL, V)& GSDMB 43T fil & SR A0 AL T,
Hedl T ARG BE T HAEH caspase PG IYIAIR

2 ARETESRNBEETBRGHVFIERKR

2.1 HAETEEROBETRG

FE RIRT AREAS A, 240453 £ AN A6 T P Bl i 45
T, HUAR™ A DAMP I, RAE /A NLRP3 835
fil & T 2 AR TR AR MR & SR T R R
caspase-1 Fll caspase-11 kTt e, 2 T O
pro-IL-1B Fl pro-IL-18 J& i IL-18 Fi IL-18, [A] i,
caspase-1 il caspase-11 £ ffi GSDMD 5§ ¥ A%
GSDMD-N, GSDMD-N 5% 24 MR 1=, T pd 240 ffa JiE
S, B0 I A P B 20 B RS /NS B 20 i e i
2 JAE TR BRI, 15 5 B /NE R AR SE,
B RoSsH AT RERLGG . BFSE R B, RIRT (/) B
caspase-1 M caspase-11 &35 7K - B i =y, 10 il 5%
caspase-1 i , RIRT /INUE (9 28546 R D) RE ARG 3] 1 24
UM A AR T AE RIRT A 4 7 FRIBL 75
R5E4 WA, I HBR caspase-1 J2 caspase-11 P HE
caspase & [17E RIRL "1 1945 FH i oK W, G 1 Je 22
20 S R, mOAR B R BT A B 5T AR R B
GSDMD & RIRI Ji # i 72 ip (19 G 8 2 1, /2 Tonnus
5 USVRE ST S B, GSDMD {8k /1N B RIRT i 5 1Y
AKT /5 B S0, FF3iE B GSDMD AT 424 RIRT i1
ME e, RE W, XL RS R T AT
RIRT P SCEEVE AT, OF 0 RIRT (93697 S 43 108 Y
R
2.2 WERMEHSHMmET

PRI P 7 200 L T 1 R A kR P R A G
BRI, # S NLRP3 A7 T P 5 ) o T 28 i /)
PRI I NLRP3 K2 ASC #7357 43 T 31 4% J) 2 i)
55 N S5 ORI T B0 B e R Bt 5 2R AA D)

REZS LA PN ot e B8 0738, S B8O 1 B
BB 2R LRI PN BT 4 A RE 2R L, 51 R A i AR

T, fESEE S ( hypoxia-reoxygenation injury,
HRI) 75 S A AR |, ] IR 3] caspase-11 ik
I BN 3 b J5 W T, O R A 40 i L
IR 3% 22 RN LR S o A4 I IR T AR M AR T Y
KAz, L RIBLT I GE 27 | 3 R P JSE P 38T
YE—F B ARG, P4 4 i 56 32 451403, 10 HRI 7]
T /NG R L ) PN 5 IR 3 B T, T A 5 4
fagET=e

#£ RIRT K FA AT & 30 P9 I ) oy 352 b 7
WA UR 5 2R R C/EBP [ IE K (1 (CHOP ) FF
15, CHOP £k 458 caspase-11 YR fih
ﬁjkiéiﬁiﬁt@'f%,caspase-ll {21 GSDMD 5§ 4] il
GSDMD-N, GSDMD-N HeF 2 4 i 5 L , 2 it 240 Jd
AL BUE B /INVE b R A b AR R E T R
R, B /N R AR IR AE, B B 25 48 R 3 BE 45 4
' fd /N T 38 RNA (small interference RNA,
siRNA) ULEK CHOP ] {25 A% HRI 3% S A0 R -
BYARAE AN il e SR AR AT AT Nifd/HO-2 {55
R AT ) PN JB O IR, O — A R A R T R A0 i
T2 PR AP B A IRI 3 SR SR B P I3 199 37 330 7
RIRT 21 i f2 T ML b A% 3 B 24, RIRT AT %
PRI I 7 35, R T A R T
2.3 &HESHEBRET

LR AAE SR TP B ] 32 22 O NLRP3 %
SE/IMA TE ATP | T 2R FI L 55 NLRP3 3005 51
VERITR , SRR I SO 1o PA BT I ST %, PN B 1) A 46
KL S 3 A ST 1 9 3 25 R 55 8 1 Min2 Rk
PR LA Minl 2 M2 ST 245, 4 A J5 I 2 A A
Z AN EE S /NT 5 nm B ] 5 RGOS 2 A
Fa fE, B4 28Ok AR 15 PE 48 (( mitochondrial reactive
oxygen species,mROS ) /K-, HE M7 2 FIRE T 2R AR
ok U5 B BC AR, B 48 46 KL /K DNA ( mitochondrial
deoxyribonucleic acid, mtDNA ) LB 5, fc & 080G
NLRP3 ZAE/MATF 51 % BT, RIRI ' NADPH
AT AL AR I 2 B 7 A DR 0 e R 4 975 4 4
(reactive oxygen species, ROS) , i &A1Y ROS f=4: &
AT, A T A0 B Y- 6, n R 58 o 95 0 3 4
NLRP3 SAE/IMATE N 1 R AE 155 PR 1T B, 2k 11
& pro-caspase-1 H FBTHEMTHE LY caspase-1, B K&
ZMET A2l miR-92a-3p 1| NRF1 AJ
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DRSS A P T B#EAIK NLRP3 | caspase-1,GSDMD-N |
IL-1B FlIL-18 kK2 BEA, zeste A [F]
V) 2 B TR A A/ B RIRT SRS A fiE i it
ALKS5/SMad2/3 {5 53 fi% BH Wr 48 e AR 35 1 4R
(reactive oxygen species, ROS) A=A DT #0 il '
N T R AR 2 AR TR AR U RIRTY g s
HR UGB LR AR AN i £ T b 5 S AR R
RIT R TERE A
2.4 NF-«BESEBRSHERET

NF-kB & IZ AFTE T 4l M v i) 5 sl 1 [ 5
25 21X BB SR R 520, 7 20 i 58 RE A B 92 S
MR E B OCHEZEMMEM ., RIRL /] 355 Tisp40 it
Feik, PET S5 NF-kB p65 (P-p65 ) Bl ik, BEJS,
P-p65 filt % NLRP3 RAE/MATAE ik i) NLRP3 45
& caspase-1 FIAHI ASC, HiIA caspase-1 §54k H H.
AL IETERY caspase-1, fiE#F IL-18 A1 IL-18 ALZA,
GV L N e A i R N oc B A U
NF-«B {5 538 76 RIRI 57703 2 P & 9 25 G it
TEHL,

3 ETHERETHIFIETT RIRI 9Z5Y

UTAEAR B RIRT AR T AR SRR il i 5
FASC S22 18] (4 52 2 JK 28 328 W WL, B X 3k 4 3 it
13 1 0 ] 11 10 7] A, 30 7 0 B, (0K 2 AT
TR Br B, A5, X Ll Be S AE IR T
RIRL W25, it 02 2 /0 BG40 12 5 L st fff
FHTEA L, 3055 280t 22 O FREEAS [ I PRI 52
3.1 caspase & B NHIF

caspase i [ X EE MM T- DL T k5 E =
FKEHEAER ,/ﬂ\:‘fﬁ caspase-1 AT 2 HMIER
W OCHE 43 1, IRl 23R 7 RIRT B9 7 72 #EFR
Wen 25 & B caspase-1 2 £ M3l 57 VX-765 1]
REEAIG 1137 H 1L /R & ( blood urea nitrogen, BUN) _Ifil
JILET ( serum creatinine , Ser) IL-18 F1 IL-18 ¥ &, I,
AEH A AT, SR TR, BR BT
caspase-1 41, 15 Hij AEBLR I C BIBEEE ]
(dectin-1) AYFEHL ] laminarin 7 38 33 I8 7> dectin-1
[A] 4% AR IL-1B | caspase-1 7K F, #0440 it £ 1, ik
/B RIRIL

NLRP3/ caspase-1 & 40 i £ T- & i fe v iy
FKEE AT, B Ak A (hydrogen sulfide, HS) WJ 417
NLRP3/caspase-1 ARV S A i AR T M IR1 B S

B AKI™®Y B 20 ik 42 4, dE 2 R 42 b /Y
caspase-11 i [ 2 51 B A W 7050 05, BF 98 & B, AL
BB /& caspase-11 F9 e ZICHE 1] 0 ) 7], T 388 4 4100 3
caspase-11/GSDMD B P 9 A T, M 5
RIRI™ | Bl [ N A2 B R W ESE , caspase 1E
P e 0 ) R0 AS TR B, L I R e = s R EL R
A FH 7 )N AR e 4100 o1 59) . It H. , B caspase-1/11 AN H:
BB AE RIRT A4 FH i A B, AR B il 1 AH ¢
0 ) 25 R 5 (R T J2 | A I g gk — 25 19F 9 DA O f L
AN R TAHSC 25 B
3.2 GSDMD M#IF

GSDMD J2: £l ff £ T~ HL 1 o 19 & 5 o 1, 7E
RIRI H R FEHZAEH , I, #F & GSDMD f9 #1 [m] 11
il ¥ %36 97 RIRT & | &, & 9 — ¥ i
(dimethyl fumarate, DMF) B A 2 5 ME, 76 H#
A3 FR I H AR B R 00 R0 5 25 )5 Humphries
251290 4 90 DMF 1 GSDMD 7} 1o 42 2 5% L 4cb =2 i
AR S—(2-BEFABE) —F It Z 2, GSDMD B 3511k
FHIE T HS caspase AOAH EAEH , FR] T GSDMD il
T ERME MM AETREE S, BRIt 24, Hu
SEDO % BOBURR & T 3L 4 18 i A GSDMD Hp i
Cys191 (/NELH A Cys192) |, a2 240 g 5 L 3R 7 7
B, ARBEMGIE T R A, X RIS v 1N
TP, iE 22 ok BE 9 0 5 | & SO 2 1) N 288
PR HER AT ISR . AR, GSDMD (144 ) 411 4]
FIAWHR L, 723697 RIRL J7 1 &3 T BUAER 5
FLEARALHI R PRI T 2T 5 it — T
3.3 NLRP3 #H 5|

NLRP3 Z M fE T2 v 0o+, I,
FEPT NLRP3 al#pfl f2 7-i& 457" | CY-09 & NLRP3
R SRR 57, 1T #3454 NLRP3, BHL A% NLRP3
B9 M /N A 21 28 AR 2, Pan 25T SIERH CY-09
FIFE /DN BURE 28 o s 5 RIRIL, [] 5] [ A 48 9 PR 7 IL-
6 . TNF-o 1 TL-18 ) mRNA Fik A %M Hl RIRI 2
FEH A0 M £ T, SRR N i — 2B IR A CY-09 1 B
58, Fo e AR RIRT 980 HIVE T, ¥ e H 24 g
J1. S, Noh 255t & B R — Bk = iR
( epoxyeicosatrienoic acids, EET) AJ 4l ] NLRP3 X
RIRI &5 AT R EH . BRILZ A1, Pang
A0S BB RIRT K RN FH 2 By R EE B G, A0 AT
FHOCIH F 1 R K P B R, i — PR R B, 2
Bz £k B AT A2 0k Nef2 A9 33k, 90960 & 1k R 3k
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NLRP3 i b & & B+ Bl F 4 e £ 1=, H i,
NLRP3 #8 [ 0 il 50 i 58 AR WTIR A | Rk 22 4 )
HilF s % B, S RIRL MR Ir e 4k T 2 MM 254
HEFE,
3.4 NF-xB {55 1# BHDHI 5

NF-«B 15 538 % 0 5 S A A 710 & A=, J2fie
PEANE AR T B AT T, Wu 250 2% BRIRAS (L B 75
AR PR T AT PP ] NF-wB 06 A > ROS 7= A K 41
HIAET LA, B RIRL, BRULZ AN, Zhu %607 % BE
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IL-18 DL LPS i% S 1y NF-«B il NF-«B 45 (1) 45
SE PR35 10 B0 , BT NF-kB {5 538 %, & NF-

B {55 B I S R . 2% Bk, NF-kB {5 %

308 % %) 400 ) 5500 T A A ) T P T RN R
T NF-kB 15 5 1% 538 2% 1 #8 17] 245 P 23 0 Ak
RIRI JAYT R E A5 Jr 0]
3.5 BHEERERTHEMEEST RIRI

ARk R T 4 M B LA AR YT A R A
(9 IRL C B AT RS ST R B0, A B ) e ot 1
i ( bone marrow mesenchymal stem cell , BMSC) 3k
TR0 20 9 402 3058 1 miR-223-3p/HDAC2/SNRK ¥
MR B A S E AT AR T S R
RUZH L3, BMSC ¥397 )5 iR B Ser .BUN | IL-1B8 | IL-
18 7K-F-44 B . R %, NLRP3 & caspase-1 32 ik 7K
S4B R RS . BT, B BMSC YA YT RIRI
(77 S35/ 0 BT 4 AL 1) 40 A5 708 RIRT £ 46
P BRI ST
3.6 XREAFWIETT RIRI

5T & IR 22 b K AR 245 ) B A 008 43 7T 38 3k
TV 2 /N AR A T 1 A0 B AR T S B R R
RIRI iR ITYEH . ZINBESR ( berberine , BBR) FJ [ A%
RIRT KB PR FU AR T Ser 1 BUN, HALHIN T
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R K M 2 & AL A 1, 3 i 5 R
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F1 GSDMD %3R35 7K -3 N B, LA R AL A 410 il
RAENMEN ST, WD BT M S T &
KR, PR B 25 R RN T BE . R AR = i A
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4 REERE

MET, EFEHE AR LR, S EBHESERTF
pSZSL T B AN )7 S w2 2 N N8 g L SN i
A EE T RIRL W S 80%W AKI TR 5 5
Rtk R ABFFYE RIRT 1Y & AE LI - TRE TR YT B
SH K, RIRLJE— MW MR 7+ M A2 2
PAEIED =Y QEATSE¥ R (LR B uR 1 o
TR OGR4I 2 H 0 5% 40 i £
T-7€ RIRI P E Ok Bz B L, iR TS
5 RIRT LK, R/ IMA BT | caspase B (1415
1k, B0 RIRT B 40 A T~ R AR S B SN eE , iR
PE/IMARA B 30 05 Ak, T SO FE T IS
B LA P 00 R /DN R R A R ek
BETUG . B, AR RIRL RPN KT
B 1 A4S I DA R SE R R AT 8 1) 25 40 A
T Al RIS , B 23 AR YT RIRT A 8T B
{HAHM AR T-7E RIRT A )V FAIL ] 18 A 52 4= el B, 479
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