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Effect of cannabinoid receptor 1 knockout on autism spectrum disorder-like
behavior and synaptic plasticity in mice
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[ Abstract]  Objective To investigate the regulation of synaptic plasticity by cannabinoid receptor 1 (CBIR)
and its effects on autism spectrum disorder ( ASD )-like behavior. Methods CBI1R-knockout ( KO) mice and
valproic acid (VPA)-induced ASD model mice ( VPA mice) were used as study subjects. Behavioral experiments
were used to assess the effects of CBIR on ASD-like behavior in mice, neuronal structural integrity and dendritic

density were detected by microtubule-associated protein 2 ( MAP2) staining experiments, and the expression of
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synapse-associated proteins was detected by Western blot, to assess the effects of CBIR on synaptic plasticity. Results
Behavioral result showed that VPA mice demonstrated significant ASD-like behavior, while CBIR™™ mice spent a
significantly smaller proportion of residence time in the central region of the open field ( P <0.0001), showed
significant increases in the number of marbles buried and self-grooming time ( P<0.01) , significantly less time spent
socializing with unfamiliar mice 2 and exploring unfamiliar objects ( P<0.001) , and significantly more time exploring
old objects (P<0.05). The relative dwelling time was significantly reduced in CBIR™™ mice (P<0.001), and the
number of marbles buried and self-grooming time were significantly increased ( P<0.05). Synaptic plasticity assays
revealed significant synaptic plasticity impairment in VPA mice. Hippocampal MAP2-positive neuron densities were
significantly reduced in CBIR™™ and CBIR"" mice, and expression levels of synapsin-1 were significantly increased
(P<0.05). Conclusions CBIR KO leads to ASD-like behavior such as anxiety and repetitive stereotyped behavior,
social and cognitive impairments, as well as neuronal damage, dendritic dysplasia and disrupted synaptic protein

expression in mice, suggesting that CB1R is involved in regulating synaptic plasticity as a pathological mechanism for

the development of ASD-like behavior.
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Figure 1 Gel electrophoresis of CBIR KO mouse genotype identification
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A NGB SR AR BN S BT C /N BUZE PO XSS ) & 40 B s D 2/ B ERAR SR M S S E /N B BR A4
Fo/NhRUARRE], 5 WT 4AHE, * P<0.05, ™ P<0.01, ™ P<0.001, ™ P<0.0001 ;5 VPA ##H,*P<0.05,
B2 VPA/NEM CBIR KO /MR E R EEZIMITH(n=8)

Note. A, Representative image of the trajectory of the mice. B, Distance travelled by the mice. C, Percentage of time that the mice were

in the center area. D, Representative images of mice marbles burying test. E, Number of marbles buried in mice. F, Self-grooming time

in mice. Compared with WT group, * P<0.05, ™ P<0.01, ™ P<0. 001, " P<0.0001. Compared with VPA group,”P<0. 05.

Figure 2 Anxiety and repetitive stereotyped behaviors in VPA mice and CBIR KO mice(n=238)
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T A AR RS RR ST B B AR 2 AR I A B T) 5 L 5 C o 4k 38 Ot 03 A 3R BT D 2 e 5 v 00 3 v 9 ) o
o SRAAER 1 AR, ™ P<0.001; SR 4 B 2 A8 1L,*P<0. 05, P<0. 001 .
3 VPA /NEFICBIR KO /MR =46525 (n=8)
Note. A, Representative image of the sociability test. B, Proportion of time in sociability test. C, Representative image of the
social preference test. D, Proportion of time in social preference test. Compared with the unfamiliar mice 1, P<0.001.
Compared with the unfamiliar mice 2,*P<0. 05,**P<0. 001.
Figure 3 Three chamber test in VPA mice and CB1R KO mice(n=238)

TE A /N RARZHT HYR BB 8] 53 L B 45 4/ BUEE T S 3B B AR R M IR C A /IR BN A & BB E] 5 D« 25 41/ B F
HARUEL SRRIBYIRRFEALL, © P<0.05, ™ P<0.01, ™ P<0.001,

B4 VPA/NEA CBIR KO /MBI B Morris 7K 2K B 5255 (n=8)
Note. A, Percentage of time spent exploring new and old objects. B, Representative images of tracking across platforms in each group of
mice. C, Latency time of mice to reach the platform. D, Number of platform shuttles in each group of mice. Compared with exploring old
object, * P<0.05, ™ P<0.01, ™ P<0. 001.

Figure 4 New object recognition and Morris water maze experiment in VPA mice and CBIR KO mice(n=238)
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T A A AVNRIE S CAT OFIEZMZE00 MAP2 IURIER (R B 45 41/ UG 5 CAL X MAP2 FHPE IR & 1L ; € 45 A1/ R X
MAP2 FHYERIRR S L. 5 WT 4IALL, " P<0. 05, ™ P<0.01, ™ P<0. 001,
5 VPA/NEFI CBIR KO /NERIEE CAL IXFI 2L TEH MAP2 19351k (n=6)
Note. A, Representative images of MAP2 in hippocampal CA1l area and cortical neurons in each group of mice. B, Percentage of MAP2-
positive area in hippocampal CAl area in each group of mice. C, Percentage of MAP2-positive area in cortical area in each group of mice.
Compared with WT group, * P<0. 05, ™ P<0. 01, ™ P<0. 001.
Figure 5 MAP2 expression in hippocampal CA1 region and cortical neurons of VPA mice and CBIR KO mice(n=6)

TE: 5 WT4IAHEL, " P<0.05; 5 VPA 4l Ik, * P<0. 01, " P<0. 001,
B 6 VPA /N CBIR KO /) UL o fil A O 8 1 BRI KF (n=5)
Note. Compared with WT group, * P<0.05. Compared with VPA group, *P<0. 01, P<0. 001.
Figure 6 Expression levels of synapse-related proteins in the hippocampus of VPA mice and CBIR KO mice(n=5)
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[ Abstract ] Objective
mechanism involving the high-mobility group box 1 ( HMGBI1 )/receptor for advanced glycation end products
(RAGE)-Ras homolog gene family member A ( RhoA )/Rho-associated protein kinase 1 ( ROCKI ) signaling
pathway. Methods An AD model was induced in BALB/c mice using 1-chloro-2,4-dinitrobenzene ( DNCB). Skin

To explore the role of Erianin in atopic dermatitis ( AD) and its regulatory

thickness and spleen and lymph node weight were measured and pathological changes in the back skin and ears were
detected using methylamine blue and hematoxylin and eosin staining. Inflammatory factors were detected by enzyme-
linked immunosorbent assay. An in vitro model of AD was established in HaCaT cells stimulated by tumor necrosis
factor (TNF)-a. Cellular reactive oxygen species ( ROS) were detected by flow cytometry and mitochondrial ROS
(mtROS) were detected by immunofluorescence assay. Cell apoptosis was detected by terminal deoxynucleotidyl
transferase dUTP nick-end labeling. HMGB1, RAGE, RhoA, and ROCKI proteins were detected by Western blot.
Results Erianin inhibited the increase in skin thickness, reduced the spleen and lymph node weights, improved the
infiltration of inflammatory cells and the degranulation of mast cells, and reduced the levels of inflammatory factors( P
<0.05). Erianin also reduced the production of cellular ROS and mtROS induced by TNF-« in vitro( P<0.01) , and
decreased the protein expression of HMGB1, RAGE, RhoA, and ROCKI ( P<0.01). Treatment of HMGBI-
stimulated HaCaT cells with a RAGE-specific blocker (TFA) had no effect on HMGBI1 expression, while expression
levels of RAGE, RhoA, and ROCKI1 were decreased( P<0.01). Cells treated with the Rho kinase inhibitor Y-27632

+r-HMGB1 group showed similar result to the TFA +r-HMGB1 group, except for RAGE. Conclusions

Erianin

relieves AD by regulating the HMGB1/RAGE-RhoA/ROCK signaling pathway.

[ Keywords)

Erianin; atopic dermatitis; HMGB1; RAGE; RhoA; ROCK1
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Figure 1 Gross morphological changes of skin and ears in different groups of AD mice
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Table 1 Thickness of back skin and ears in each group of mice (x+s,n=38)
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Groups Back skin thickness Ear thickness
X i
: TH 56. 00+0. 14 25.00+0. 17
Control group
oy
SR 129. 00+0. 26" 67.00+0.32"
AD group
FE 2R EIRITY . )
BRI A 108. 0020, 117 51.00+0.36""

AD+EL group
BEREAEIRITA
AD+EH group
HbZEAAR BHPE XS B 21
AD+DXM group
TE X HRALARLL, * P<0.05, ™ P<0. 01; SHIBLIAALL, " P<0. 05,% P<0.01,
Note. Compared with Control group, * P<0. 05, ** P<0. 01. Compared with AD group,*P<0. 05,*P<0. 01.

94.00+0. 24 ™* 46. 00+0. 27 "%

79. 000. 06 ™ * 32.00+0. 08 " *

T A HE A IIDBUZ R BE A28 3 B+ PR 10 24 €0 O A 40 6 ) 50 e A A7 2
B2 BEEX AD N B B B2 i A AU B R
Note. A, HE to detect changes in spinous layer thickness. B, Observe the number and degranulation of mast cells using methylamine blue staining.

Figure 2 Histopathological effects of Erianin on the back skin and ears of AD mice
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2.4 FEZZHEiN% TNF-o 5 SH HaCaT Ak e ROS Fl mtROS 7= A= By 52 i, % FH it =0 4
ROS #1 mtROS B4 JEARKI ROS, S5 AL mROS,, 454 4n &
KT I B LR R INF-o 5519 HaCaT  3A s, 5 TNF-a 2 EL , B 22 K0T LA &)

F 2 KR T AN F A LA (ks ,n=8)

Table 2 Comparison of relative expression levels of inflammatory factors in different groups(x+s,n=8)

ZH 5
(:ﬂjjj TSLP/ (ng/mg) IL-4/(ng/mg) 1L-13/(ng/mg) TNF-o/ ( ng/mg)
7I‘Ollp5
Xof 21
Control 0.64=0. 11 0.97+0. 16 1.02+0. 33 0. 67+0.27
ontrol group
ET 51 4]
A%i’ﬂ 8.12£0.63" 7.52+0.33" 4.330.42" 8.28+0.39"
group
EZEZ IR RIRITL . .
iiﬁjisf g 5.65+0.34"* 6.150.27"* 3.17+0.26"* 7.42+0.51"
= 2 E R AEIRIT A . . .
© :;gl'{@{”ﬁ 3.71+0.26 ™" 4.37+0.31 7" 2.66+0.16"" 5.81+0.28 "
group
b FE KA BH %) B 4 . .
AL R R 2.96%0. 22" 2.18+0.23 " 1.98+0. 21 ™" 3.43+0. 12"

AD+DXM group
TE: SR HRALAILL, © P<0.05, ™ P<0.01; SBURAAILL, *P<0. 05,%P<0. 01,
Note. Compared with Control group, * P<0. 05, ™ P<0.01. Compared with AD group,”P<0. 05, P<0. 01.

TE 2 A WU ARSI 2% 25 1 S i S AR T 5 B - S 9O I LR TR M. S X IRALAT LG, ™ P<0. 01; 5 40 AR B 41 AT
I,"P<0.01,

B3 B22HEX TNF-a 5 HaCaT 40 ROS il mtROS 7= (1) ]
Note. A, Flow cytometry detection and quantitative analysis of ROS content. B, Immunofluorescence detection of mitochondrial reactive

oxygen species. Compared with Control group, ** P<0.01. Compared with TNF-a group, ®P<0. 01.
Figure 3 Effect of Erianin on ROS and mtROS production in TNF-a-induced HaCaT cells
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ROS B4 (P<0.01) , DG EE R Q& 3B
W, B2 RIRIT IS miROS (1724 i F /b (P<
0.01), DA LZEREH, B 2EE 0TI ROS M
mtROS W R LRRIBE
2.5 Erianin %] TNF-a % 5# HaCaT ZHfE
AT

AT IR T LR E B REWE HaCaT 4 il A
TNF-o 75T T, R TUNEL % £ 8L E =
RN T- A B E W IHRIE R, B 4 g5 5%
B, 622 R AeH i TNF-o 15 5 9 HaCaT 41 JfY
PR,
2.6 FEZZEX HMGB1/RAGE-RhoA/ROCK1
=S HiENm

KT 5 E 22 £ 7E AD ' HMGB1/RAGE-

RhoA/ROCK1 {5 =5 # #% W36 97 /E 1, R H
Western blot F) J5 2 6 I A OC 85 U AY R ik . 74K
WaLge T, 5 AD 4L, B2 KIRIT /5 HMGBI
RAGE RhoA \ROCK1 KRB EH LA T T
(P<0.01, 5), RIMSZH KB, 5 TNF-a 414
b, &% K47 )5 HMGB1 ,RAGE . RhoA . ROCK1
EFIBE T (P<0.01,K 6A) . N THIFE
22 Z 1 55# 5 HMGB1/RAGE-RhoA/ROCK1 155
R 2% ff AD , A B 5T BE F RAGE RO 577 TFA
¥ HaCaT 40 il J5, fn A 20 % HMGBI1
(r-HMGB1) %l ¥, %& ¥ TFA + r-HMGB1 4 #Y
HMGB1 2 [ &3k, S5 IR AR b B S 3% & (P<
0.01),5 r-HMGB1 21 AH b % A B 8 o A2, 1
RAGE ,RhoA % RCOK1 [ ik &, 5 r-HMGBI

Bl 4 TUNEL A0 Hacat 4M 4 715 B0
Figure 4 TUNEL for detecting apoptosis of Hacat cells

. SXHEA A, P<0. 01; SR A, ™ P<0. 01,

Bl 5 Western blot #{A NS5 HF AR TR /340 HMGB1 . RAGE . RhoA \ROCK1 HYZEIEIEM (n=3)
Note. Compared with Control group, ™ P<0.01. Compared with AD group,* P<0. 01.
Figure 5 Western blot detection of HMGB1, RAGE, RhoA, and ROCKI expression in different groups during in vivo(n=3)
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ZHAH BB SRR (P <0.01) ; Y-27632 +r-HMGBI 5 r-HMGB1 41 AH b B 8 B AIG ( P<0. 01, & 6B) .
411 HMGB1 .RAGE )31k, 5 r-HMGB1 204 P25 R L B 22 Kl 877 HMGB1/RAGE-
Fes A B 28 T RhoA & RCOK1 A, RhoA/ROCK1 5 53K ZEf# AD,

A B2 F A HaCaT ZHMIAHSCEE F13RIA 1Y Western blot 4347, SXFIRAIMELL, ™ P<0. 01; 5 40 AT R AH LK, ™ P<
0.01;B: Western blot Al 7£ AT #0151 45 £ T HaCaT 4P AH G (I 0923k, SXTIRAIAE L, ™ P<0.01; 5 1-
HMGB1 41#f E, * P<0. 01,
Bl 6 Western blot #ill{ASN256H A [ /34 HMGB1 RAGE . RhoA \ROCK1 [k IEN (n=3)
Note. A, Western blot assay for protein expression in HaCaT cell. Compared with Control group, ™ P<0.01. Compared
with TNF-a group,”™ P<0.01. B, Western blot assay the expression of related proteins in HaCaT cells under inhibitor
conditions. Compared with Control group, ** P<0.01. Compared with r-HMGB1 group,* P<0. 01.
Figure 6 Western blot detection of HMGB1, RAGE, RhoA, and ROCKI expression in different groups

during in vitro(n=3)
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3 it

AD J& —FE UL S5 Ve B Bk . AD B &
A F B KGR Rz A R e S LA
Th2 4 A5 (0 S I S B 7E AD 20 39 e 1 34
P A VERT, T Thl 40 A5 04 48 i 2 i 1)
£ AD MBI E EE A A AD
VMR AR, B I 5 UK B 400 i AR B FR (thymic
stromal lymphopoietin, TSLP ) A] /F FA 54k 41 i 5%
ZC3E0ThO A 1) Th2 40 i 431k, 242 2F Th2
20 R A TR B I 43 0 Th2 50 20 it DXL 1 19 4 A
(interleukin,IL) -4 IL-5 IL-6 IL-9 IL-13 %, &
FCK A A B B S B BR R H E (immunoglobulin
E,IgE) , RERR AR AN MK in' ™ s 78 AD 12 2E ],
WL 2 T4 % y (interferon y,IFN-y) [ TNF IL-
2 IL-12 IL-18 2540 R F R A SR pe o
S HEYUA RAE B & A, TEASCHAF ST R BLE
=R A LI DNCB 15519 AD IR/ BURZ ik 38
JE Wl R R R i 240 M P R T B L IS R A4 i ot
WAL, FRAI 2 7~ TSLP (IL-4 IL-13 {3k, B
A BYT AD RIEAE TR T 2 W i Y
ROS M S AA AL B S AD 19 R HEA 0 &
AT | & 20 M P9 T T S A SR RN 4 R
IhfeREhs, SE AT, il AD fE e R
AL R R, B2 R 0] LI TNF-o 5301
HaCaT 411l ROS F1 mtROS 774 | 3044 40 i i 7=,
ik R B REAP AD EYEHE,

HMGBI & — M m BRSSP E B, ER
HMGB FEMEE W 52—, 20 Tzl sh
YA . HMGBI1 A% ER B A Ry 2 e € i 25 4
M BEAE A R, AR A /MR S5 14 1) A 47 S S TR
SR AR R RS AR, ANUA B T4 R
IR EE N, 1535 T 41 DNA i EHZE LR
e Tite, [ Z0H 509 HMGBI 2 H 78 14
P20 L o Ak A RS SRS A E T DL Rk
JiE S S A R P A B A, ISR
a7, AU S HMGB1 BE 5 VE Jhy #53475 AH 5C 43 F- 15
7 ( damage associated molecular patterns, DAMP )
OGS RBPERGE, 5 RAGE 2R 454805 40 i
P 530 %, A 1 90 S 7 P AR . 3T AT SR AR 5T
W, HMGB1 5 RAGE %5 & &% NF-«B, B>
FaE o A P A M A T E AR 12

(extracellular signal-regulated kinases 1/2, ERK1/
2)-NF-kB {55 538 i 410 il /N e o 4 i 5 1 ke 1) 5%
fiE" B, HMGB1 5 {& RAGE 45 & REN
RhoA/ROCK1 {555 i i ¥ 1% , = 5 &AL N . 40
UL TR 9 E 1Y) e A R e A R L A B B o
PRV ORI o, B 22 EAEIEE AD /N
HMGB1 #il RAGE 3k, #l ] RhoA/ROCK1 i %
WG Z 5 AD RAEM KA, RINFIA r-HMGB1
H3% HaCaT 402, 41 RAGE 5 RhoA [ROCK1 3
kAR, Wi H RhoA/ROCK1 J& , RAGE &
Rk A kA 3 A, 45 R B /R HMGB1/
RAGE % RhoA/ROCKI {5 5= 5 AD JiH
AR, B 2L F T R I BT AD R IE
EHL,

Zi Lk, B KA BPT AD RAEMER ,
YE AL AT BE 238 i 98 4% HMGB1/RAGE-RhoA/
ROCK1 i F{ G AD JEAE S

SE k.
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FF ROS 415 NLRP3 RAE /M TE AL TR IT I 118 55 7
TR 7 1 BB 55 9 T BRAE FH AL A 5

ReH* EwmeE " M, F -, mHEA
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[BE] BB FREULER S (Liangxue Tuizi Formula, LXTZEF) X i S0 55988 K BTG 14 48 (reactive
oxygen species, ROS) /™5 MAZH BR 25 #4) 3 2 fb 38 ( nucleotide-binding oligomerization domain, NOD ) ¥£Z /AR
H &5 AR 2 H 3 (nod-like receptor protein 3, NLRP3) RAE/IMETE AL IR | B HIR T o f8erE £ nd vl RE
TERIDLE, 77iE K 24 HORMBENL o 4 . B A BRI | LXTZF 4 & 5 H % MR # ( compound
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ASC) NLRP3 ¥ Jit & 2 2 11 i — 1 ( cysteinyl aspartate-specific protease-1, Caspase-1) F& [H {5 {8 22 M A% 2
(messenger RNA, mRNA) XEHEIE, &R S HAM L, BRI KR IR 400 L n] WL BH 28 5 40 037
i 5 I TL-18 IL-18 S W R TR (P<0.05) , R AU ROS /K- 23 TR (P<0.05) , B k20
ASC \NLRP3 Caspase-1 mRNA K4 1A 7KF 35 THE (P<0.05) . SHEEBIZHAR L LXTZF 201 CG 2HR Bl
TR ZEL U BT DAL 5 240 32 9 R 5 M35+ 1L-18 IL-18 KK B R A ( P<0. 05) 5 JKZH 41 ROS /K 1 3
AR (P<0.05) , FZ Ik 414U ASC NLRP3  Caspase-1 mRNA K7 [ £ AKF BERRAL(P<0.05) . &8 B
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Mechanism of Liangxue Tuizi Formula in the treatment of Henoch-Schonlein
purpura rats via reactive oxygen species-mediated activation
of NLRP3 inflammasome

SONG Jinwan'?, REN Xianging'** , XING Qiongqiong'*, LI Yifan"*>, YANG Manxiang'’
(1. Pediatrics Hospital, the First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000, China.
2. College of Pediatrics, Henan University of Chinese Medicine, Zhengzhou 450046 )

[ Abstract]  Objective To study the effect of Liangxue Tuizi Formula (LXTZF) on reactive oxygen species
(ROS) -mediated NOD-like receptor thermal protein domain associated protein 3 (NLRP3) inflammasome activation
in Henoch-Schonlein purpura (HSP) rats, and to explore its possible mechanism in the treatment of HSP. Methods
Twenty-four rats were divided randomly into four groups: control, model, LXTZF, and compound glycyrrhizin (CG)
groups. Except for the control group, a model of HSP was established in the other groups by heat drugs combined with
egg albumin. After successful modeling, rats in the LXTZF group were given LXTZF solution 7. 47 g/kg, rats in the
CG group were given CG solution 13. 5 mg/kg by gavage, and rats in the control and model groups were given normal
saline solution by gavage once a day for 4 weeks. Samples were collected 8 hours after the last gavage. Skin
histopathology changes were observed by hematoxylin and eosin (HE) staining. Serum interleukin (IL)-18 and IL-13
levels were detected by enzyme-linked immunosorbent assay ( ELISA). Changes in ROS levels in the skin were
detected by immunofluorescence. Apoptosis-associated speckle-like protein ( ASC), NLRP3, cysteinyl aspartate-
specific protease-1 ( Caspase-1) mRNA and protein expression levels in rat skin were detected by real-time
quantitative polymerase chain reaction (RT-PCR) and immunohistochemistry and Western blot, respectively. Results
The skin pathology in the model group showed obvious inflammatory cell infiltration compared with the control group.
Serum I1.-18 and IL-1B levels were significantly increased (P<0.05), skin ROS levels were significantly increased
(P<0.05), and skin ASC, NLRP3, Caspase-1 mRNA and protein expression levels were significantly increased (P
<0.05). Inflammatory cell infiltration in the skin tissues of rats was alleviated in the LXTZF and CG groups compared
with the model group, while serum levels of IL-18 and IL-1B were significantly decreased (P<0.05). ROS levels in
the skin were significantly decreased ( P<0.05), and mRNA and protein levels of ASC, NLRP3, and Caspase-1 in
the skin were significantly decreased ( P<0.05). Conclusions The mechanism of LXTZF in HSP may be related to
the inhibition of ROS-mediated NLRP3 inflammasome activation.

[ Keywords] Henoch-Schénlein purpura; Liangxue Tuizi Formula; ROS; NLRP3 inflammasome
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1 3 M 48 9% ( Henoch-Schénlein  purpura,
HSP) | I R 5E R e 3R A 1 A R OGP 145
(immunoglobulin A-associated vasculitis, IgAV) , &
JUEE i ) A2 /N L R AE PR s , H: BL R g
PRAFAIE A4 B PR 5298 15 i T A JE RE IR (I8
) M B2 R CE AR ) BRIy 1A A
MR . HSP I A F A 8 ~22 il 10 J7 )L
HERAE LT AR ARE P EETh AT
CEERETCMLUE” LM« SEBE” SFJUWE . HSP R
B, 5 R KA, mAR A A B
PUBEIRY TR T XS IENRS Y A, B e R M ey i
il 700, T AR gt i RRE AR, (BN BRI A T 32 M

B R 25 e HSP R R
R T B | RIAE A A5 Dy R A B Y
P32 AT Rk T 2 7 A5 R ] s R T PR 2
2B R L B TIRYT HSP A A TR Y S
B —at iR 25 %0y B st 3 i 3
BEYIRG, 20 PR A 3 32 BRAIE 52 9% 97 AR VI, BiE
g B o G HSP 42 & %

HSP J&—Fh 4 B I 45 R A PEps o, iF 5T 42
7 NLRP3 SEE/MAE A7 7E T 5 5 HSP K FURR
R NLRP3 40 /A 3l 7776 T 5 28 21 i
Hr, B NOD FESZAR K% 1 NLRP3 #:3k # 11 ASC
FIRLN FE [ Caspase-1 BRI WL — R L R EH
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EAY , ROS REMLITE NLRP3 & AE/IMA {2 #E %
PR R F TL-18 TL-1B8 A48, T A 5 90 I
I R R A 2E A 9T A TR AR 28 5 E
/b HSP A5 A1 K BRIl %5 A RAE I F i A &= 6
(interleukin-6, 1L-6) . i 98 3K 7€ [l ¥ o ( tumor
necrosis factor-ot, TNF-o0) 85 3K, 53 A0 12 0 2%
22 H R TN % 77 PT e L 97 15 NOD #f 32 {4
S I R AEIRYT HSP BRI AR BT
i #ESr HSP K B AL, #L A ROS 4 7 1Y
NLRP3 R AE /M LR 5 5t MR 48 5 ¥R YT HSP
FIAE FHBLH , R FLIE R I FH B AR
1 MRFFE
1.1 Kz
e H SPF 2t I M Wistar K B ( Rattus

norvegicus )24 F | JE#E 3 ~5 Ji K F&w 75~95 g,
H WL 30 ) 42 52 56 3h W B R A BRA R AR £ 4
N ERAE[ SCXK (#) 2021-0006 ], sh#) 5256 18
TR 2 2 K 2 R W A R Sl ) S 5 v L iE AT bR
WAL G R T [ SYXK (#)2021-0015], HiES
BB (262 1)C, FXT IR E (65+£5)%,
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A5503-10 g .F5881-10 mL) ; TRIzol™ Reagent ( 3¢ %]
Invitrogen 23 A , 525 : 15596-026 ) ; 3% 5 5% A 57 &5
(BEYLEY), 575 . MR0O5001) ; 1L-18 | IL-1p ELISA
R & (R S B e A= D B e A R WD
% 5. E-EL-R0567¢ . E-EL-R0012¢ ) ; ASC $1T 1
( Immunoway, %% 5-: YT0365 ) ; Caspase-1 T 1K

( proteintech, 5% 5. 22915-1-AP ) ; NLRP3 $T &
( Affinity , 525 : DF7438) ; HRP #xic A9 L E 51 %
IgG ( Servicebio, 55 : GB23303) ; 4L RIPA ZLfi#
W (LR RIS, 185 . R0010) ; BCA £ 11 e J& i
AR A & (LR K FE, ] 5 PC0020) ; SDS-
PAGE % ¢ #l #5 20 F & ( L W, 7% 5.
PG112) ;% UT 245plus )15 8 [ Marker (J6 5T 33K
%, 495 . PR1930) ; ECL Plus ML G (IL R
KE, 5% PE0010) ,

L P FE IR 1% 3246 ( CIMO, GNP-9080BS-1II ) ;
FiPR £ Wk BE B & DU 2 X ( Thermo, Nanodrop
2000) ; % 6 %E it PCR X ( TIANLONG, TL-988 ) ;
e AR il 2H ZUAE I A ( Servicebio , KZ-1M-FP) ; 5
B 0 ML ( DLAB, D3024 ) ; 4 3 K i 45 (Y
( Thermo , Multiskan GO ) ; 2H b2 ( R IXFEHE /R A=
YRR TR R, G6100) ; B iEe (JE e a4 A B
25 H)L,E100) 5 1F B 2% s ( H A JE B, NIKON
ECLIPSE C1) ; 141X (3DHISTECH, Pannoramic
MIDI) ; 37k %% EN{Y ( Bio-Rad , Mini Trans-Blot) ; &
R ICHAG RS (RGN, QuickChemi 5200)
1.3 LH*

1.3.1 BRI, 452y

24 H Wistar K BRILREVLELC T RIE DN E A
ZH FERIZH LXTZF 4 CC 4, B Z a4 ik
BT vk A ) ao v S RRUBE A8 7 Ak 3 By Bt
M PEESE T d R BRES A, RS AL B
TS A BEZE T2 (il 12 10 1) /KR
(0.15 g¢/mL) , 7 &~ 1 mL/100 g /K&, B K
1IR3 i, BEiES AL EA-E2 IR
PeRNFAE (5 0.5 mL) , &8 1 %<3 &, I8
TRBR 5 7 TR R #R KIS 10 o/L B A (1
W, EEH 0.5 mL) , (AR &8 J R B DX 5 A 52
/BT S 0. 3% 51 AR 1 AR R KA 2 mL
(H50.4 mL) 45 3 d 1%, 347 5 )k, 25 A4
[ 2P AR AR A B K 259 T 100 B R 56 31
BTG, e A 3% T FR A 5 0301 IR S5 R0OR) 12 45 24
LXTZF 4H . SR 475 7. 47 ¢/kg .CG 4H . B 5 H
BT 13.5 mg/kg, 25 FH 4 S BRI 2, 45 R
PERKHER BRIk, ik T 4 L, HEAREE.
KRG EEE 12 h( AHKK) 2% B %
B P BRI, I Bl KR i 43 9 0L 3, Ak AR S T
TR R A SR AR A
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1.3.2  ELISA JEAGI0 K SRS o 10-18 % TL-18
ik

B B, A R, AR 4 10 & i B 43 20 3R
HEATINE
1.3.3  ROS Ze G I K B K4 2 ROS Y
ik

FH B A0 HR BE 52 5 W) (optimal  cutting
temperature compound, OCT) 21 2141 3 J5 VK I
PIR ALY R, B VR L8 H R 5Ot ROS Bt
WOR (1,47, 6- — k3L -2 - HEIEWI TR (47 6-
diamidino-2-phenylindole, DAPI) & YL 41}y #% J5 FH
YL e KB A& R REEIE . H Tmage Pro
Plus 6. 0 FFIN 2 $0 32 58 6o FEAR, LA S 2 950
SREEE R RIAR ROS I RibH
1.3.4  RT-PCR A I K BB IR H L ASC |
NLRP3  Caspase-1 mRNA ik

B 90 mg K LRz Rk 2H 2T IS | e it o) 6 13t
P BB IR ZH 2R 5 RNA ARG 0 FL 4 3 R e % 5
4 RNA 36 %% 5% 4 18 ¢DNA, ¥ % ASC . NLRP3,
Caspase-1 XN 519, LA B-actin W INZ: | P19 5%
4::95 °C 3 min FAE;95 °C 55,60 °C 30 s,40
AMIEIR, FE R RQ = 274 S B A X 23k
i, IS,
1.3.5 e AL I K SRB IR ZH 2 ASC
NLRP3 | Caspase-1 R E

YRS 2 R BB JER 20 2 A s B s R K AR Fr
IR = VB R PR 3% H,0, 55 5 BB Y TR 1
ik A AL P, LR S A S 3 P
30 min; | E W5 3% i1 ASC . NLRP3 , Caspase-
1 Bk (FRBE LB 10 200) ,4 CHFE IR #
FRVEG S BT (R BELLBI 1 = 200) 25 1 5%

50 min; WALGES IR RN 3,37 - & FRER
K% (3,37 -diaminobenzidine, DAB) T /EW i {7,
PRV Sy A v ) 2% 0E 60 J5 52 L A0 A% I K
Ao BT EDCRBEE T 74215,
1.3.6 AR ELE AN R R R ASC |
NLRP3  Caspase-1 & H ik

LB BCA DA kB i I m 45fL
R I RE S 30 pg;200 V HLTK 30 min; BLVK)S
300 mA HLFE 30 min; e[S TOAE 1 PRgES R %
TRARFEE ] 10 min; —3t 4 C ¥ 7 i %X (GAPDH
PO E A 1 2 10 000, 8 bp BRI EE Ry 1
1000) ; X H UEME S — P R #5055 30 min( —
PURFEEYI O 1 2 10 000) PEAR)E KO CHBEER O IR
M, f#H Tmage Pro Plus 6. 0 {4 2E 47 JK FE {H L
BT o
1.4 SZitEHZE

AT K F SPSS Statistics 26. 0 #4317 %%
AL PR TR s TR AT BB e AR M 2 (x2s)
IR, 2 4 8] 22 5 1Y LU R AT B X 3R U7 2 43 i
(One-way ANOVA) 575 22 57 ML /e B >R H 1LSD
EHATH G L, 7 22 AN 570 K Kruskal-Wallis
ESHKR , P<0.05 NEFAGITFE L,

2 #R

2.1 BHRKBREBKFENT

e HLZE R BN, 5 a8 AL H, AR 2 KRR
B TR Rz 2 5 /N 1t A8 ) 1w 200 e A 2 % i
TN, FEE I PR e [P 75 HSP 2630, 452 7% HSP ¥ 5
Y, SRR AR G, LXTZF 20 ) CG 4 KBz
TR e TN = = VA N (| K= o Ll I el e v i R A

®1 5T

Table 1 Primers sequence

HEIH SIYFSI(5-37) HEP 1D I TEE/bp
Gene Primer sequence(5’-3") Gene ID Amplicon length
. F:CTGCAGATGGACCCCATAGAC
ASC 282 817 74
R:GTGAGCTCCAAGCCATACCC
F.CTCACCTCACACTCCTGCTG
NLRP3 287 362 122
R:AGAACCTCACAGAGCGTCAC
F:GACCGAGTGGTTCCCTCAAG
Caspase-1 25 166 108
R:GACGTGTACGAGTGGGTGTT
. F:ACCCGCGAGTACAACCTTCTT
B-actin 81 822 74

R:TCGTCATCCATGGCGAACTGG
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2.2 BHKXRIMEFES IL-18,IL-18 RiLE

BRI ST A F- /K- AR R BRUIMm 7 1L-18
KAL-1B Tk mas A B 3% FIH(P<0.05) ;24
YT LXTZF 415 CC e T 1), Likigts
Wi R ] B g i L R (P<0.05)
k2,

2.3 HHEKXRBEKALF ROS RikKkFE

WK 2 s, B4 ROS By 7K 78 4k . A5 Al
R U IR 21 ROS MR KK 2 A4 2
WEME F(P<0.05), 244 T Wik h . LXTZF
A5 CCHTHT, Wit ROS 1K IEKF-14 %
T (P<0.05)

B 1 AR R (HE)
Figure 1 Skin pathology of rats in each group (HE)

£2 MK BULTE T IL18 IL-1B 5k (v45,n=6, pg/mL)
Table 2 Expression levels of IL-18 and IL-1B in the serum of each group of rats(x+s,n=6,pg/mL)

4348 Groups IL-18 IL-1B
25114
ZHA 122. 48+10. 29 22.596. 56
Control group
Y
B 142.51£12.45" 61.66+14.21"
Model group
LXTZF 4 . .
IXTZF group 127. 75+ 14. 63 26.54+7.05
(oeR|
123. 79+6. 81" 25.11£7.27*
CG group

0 52 HAMEL, © P<0.05; SHEBIA AL, " P<0. 05,

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

I 5o ML, P<0.05; SR, *P<0. 05,

2 BUEKRBBIRAL ROS KIEKF LA (x2s,n=5)
Note. Compared with control group, * P<0.05. Compared with model group,*P<0. 05.

Figure 2 Comparison of ROS expression levels in skin tissues of rats in each group(x+s,n=35)
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24 FBAHKXKRKERBKAZLSP ASC, NLRP3,
Caspase-1 mRNA RiAKF

AR 21 PR 5 SR 7K - 5 RU 28 K BRIk 2H 41
tF ASC \NLRP3 }% Caspase-1 mRNA #f X} 31k &
BAaHMA B E FF(P<0.05), 259 T B,
LXTZF 1 5 CG 4 T ¥ J5, & 4 /M & ASC,
NLRP3  Caspase-1 mRNA = 4545 R 41 34 g 2 R
P (P<0.05), WK 3,
2.5 EBEANKNERKEALRF ASC,NLRP3,
Caspase-1 EHFRIEKFE

BT L B 1 e T8 FRAE L B 21 KRR ik 2 41
th 98 iE/IMA ASC  NLRP3  Caspase-1 45 [ #1548

0 5 AEME, © P<0.05; SHEBI AL, *P<0. 05,

HHATHE . AT WA LXTZF 415 CG 4
TG, LR ER A R T2 20 b i) 36 38 3 1 A
RIHREAR, ULIE 4,
2.6 Western blot # ] iz Bk 4B 42 & ASC,
NLRP3, Caspase-1 & B RiA K FE

PRI 20 B P 3% 08 R AIE L AR 4 KRR B Bk
ZH 41 9 E /MA ASC NLRP3 |, Caspase-1 & %
KPR HAY R EME FIH(P<0.05) .,
25T BN LXTZF 45 CG 4T W5, ASC.,
NLRP3  Caspase-1 £ H TE 7 BR el 40l e 3k 3
FER IR 2H 4 S I W E P N (P<0.05) . UL
K5,

B3 BN ASC NLRP3  Caspase-1 mRNA kK- (xxs,n=3)
Note. Compared with control group, * P<0.05. Compared with model group,*P<0. 05.

Figure 3 Expression levels of ASC, NLRP3 and Caspase-1 mRNA in the skin of rats in each group(x+s,n=3)

4 BUUREUZIKALUH ASC NLRP3  Caspase-1 8 [ #ik
Figure 4 Expression of ASC, NLRP3, Caspase-1 protein in skin tissue of rats in each group
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W52 HAML, T P<0.05; SR, ¥ P<0. 05,

5 KA RBAEZRRA L ASC NLRP3  Caspase-1 8 HFIAKF- (2+s,n=3)
Note. Compared with control group, * P<0. 05. Compared with model group,*P<0. 05.

Figure 5 Expression levels of ASC, NLRP3 and Caspase-1 in skin tissues of rats in each group(x+s,n=3)

S

HSP J2: I PR e i WA L A5 4 il %
DAAT fih S 28985 (100% ) | &5 R BT (66% ~
T4%) B Wiz B (51% ~56% ) F1'E 52 2 (30% ~
54%) R FEEARF I OP IR IT LUK S A
Fr PURGe Brad B R T, S Y SO e
SCRFEEA Y BER B VAT A N &
B RS e AR AE TP B 2RYT HSP A
B BT, aehs B Bs > 8 LR R E R
1% JF Hot oK ke BUA W S BRI,
KM 1) FH R EE T EZYIRYT HSP I IR 5 3
RIFZE S RO T MR A AR 3 2 A0
JLE HSP 1Y & Al HSP Al E B G i |
P, TR LA ol D [Tk S
TUCHIS AN 7w AR 0, 5 Az e wE R4
B AL, 35 AR A R 2 S

20 AT AR, T I 4 R B2, AT N
ARE S H R R 25 o 2 1 2 2R A
TR, 3% 0LV BRE 4 T35, W R I FH 224, 3 2

HSP 2R W F RGNS R,
KRB 5 R AE K A8 A N O A K
NLRP3 45E/MA , i NLRP3  ASC Fil pro-Caspase-
1 2R, 0 S RORE IV I A D % e i) o 2
PRATLOTOE  NLRP3 48 5E /M AR 8 pro-
Caspase-1 [ 35 Y F{E Ak, #1085 Y] pro-1L-18 Fl
pro-1L-18 , A= MY 1L-1B Fl IL-18"1" | 33k #L4f
JfL PR F- B AR 32F R E L, ROS &A= A i — 2k
FERES T, SR T, ROS (77 A Fl
T8 R R Ay 2 5 B0 A R 8, 2 T 45 40 RN 4
21200 gpAh i R ROS K4 S s e e &
JEPY ) WEST X W, ROS Al HiE S H S S
NLRP3 F#idad 27> H ik, #8795 ROS A=
AR, AT REVAYT NLRP3 AH R 8 1
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RITHNE 22 ZIF s R W, I 2 0T g e T
P ROS/NLRP3 A 5 i % okt 35 O L5 3R G2 9%
I3 DT SRAE W PRI A5 22 Fh 9ORE 1 5 9 1 s BE
R BeAh, A 5T 48 1, NLRP3 RAE /M
TEVEES HSP IS 9808 I N Hh & ¥ S ZEVE T, nl Bk
JEPEZGIRYT HSP TS

AHEFELL HSP K B BFE X4, 5 R Bos,
H2ASFAA H, HSP R BB K i 38 98 i S v A
s M AR T T-18 (1L-18 7K 3% T & 5
SR 4 ROS 3% 34 7K °F- . NLRP3 , Caspase-1 .
ASC A S R IA KT 34 338, 278 HSP
KER N AETE ROS 4 T NLRP3 R AE /MA %
W, WE TR 5% 2 W, A b ¥ mT DL IR ROS K¢
NLRP3 R /MMA 1 £k AH 5 5 IR Fil 85 1 3% 18 K
S SR HE B 2R R AT DL AR ROS | TL-
18 NLRP3 7K1 (AT $R U AT LA & AR 4% S
g sh ROS /K- B NLRP3  Caspase-1IL-1p , IL-
18 ik N E Al LARE K ROS K FPY
i eEM R R, B O H R B A bR AE
W IR TR 9T HSPHY . ARBEIE 245 3
N, G AR 80T K E T R T s, 5%
R, LXTZF 20 K CG 2H K BBz JIk s B 98
S BH S U 5 LT T A R TL-18 1L-18 7K
B REAR B R 4 h ROS 35 3k K SF  NLRP3 |
Caspase-1, ASC K Jz Fi 1 3R 3k ¥ K OF 1 25 [
ik, DA b2 R H/R mii iR £ 5 aT i HSP K R
B RRAEARE SO, FEAR I o 1L-18  IL-13 7K, 41
il iz e ROS B335 M NLRP3 RAE/IMATE 1L AH
RHE Y FE IR IA K o X Bl 3R W1, ol
1B 697 AT B3 1] ROS /-5 NLRP3 4 5E /MA
Ak, AR HSP 1 B2 kR

AWFSEFE BT T m R % 7 X ROS A &
NLRP3 RAE/MATE 1L B9 238 7 HSP AV AE HL
il o BRI, A FEANAFAE — 2 1 R BR P, R i
AR 24 3] i A B A R A . AR R SR 1
Hh 2l 2 (14 AN (5] 500 B2 A B R A kil S0 AR P | AR A
SZEGHE—2E FISE ROS 4519 NLRP3 S AE/MA
PRI UE Bt 3R 5 7 i PE L], RS FEAE Lk
AR ABAWF AT T & 245 3R 77 HSP A HLGI 5%
PO T B B SR AN S B AR Y
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[ Abstract]
a Caenorhabditis elegans ( C. elegans) model of Parkinson’s disease (PD). Methods C. elegans NL5901 and 6-
hydroxydopamine (6-OHDA )induced N2, BZ555, PD4521, and CB7272 C. elegans strains were treated with DNL

7.5, 15, and 30 mg/L. The survival rate, basal slowing response rate, o-synuclein ( a-syn) aggregation,

Objective To investigate the neuroprotective effect of Dendrobium nobile Lindl ( DNL) extract in

dopaminergic neurons ( DNs) , mitochondrial distribution density of body wall muscle cells, and protein levels in the
membrane were observed. In addition, reactive oxygen species( ROS) , superoxide dismutase( SOD) and glutathione
(GSH) in 6-OHDA induced N2 was detected to explore the effect of DNL on the antioxidative stress ability of PD C.
elegans models. Results Compared with that in the model group, the DN fluorescence intensity was significantly
increased in nematodes treated with DNL and levodopa ( L-DOPA) (P<0.05, P<0.0001), a-syn aggregation was
significantly decreased (P<0.05, P<0.001, P<0.0001), the basal slowing rate ( P<0.05, P<0.01, P<0.001),
mitochondrial density (P<0.05, P<0.01, P<0.001), mitochondrial intima protein content ( P<0.05, P<0.001,
P<0.0001), SOD content (P<0.05), and GSH content were all increased. The ROS content was reduced in
nematodes ( P<0.01). The lifespans of N2 wild-type and PD C. elegans models were prolonged after DNL treatment
(P<0.05, P<0.01, P<0.001). Conclusions

model, improve DN degradation, inhibit a-syn aggregation and neuronal damage, increase the antioxidative stress

DNL can effectively improve motor paralysis in a C. elegans PD

ability, and slow the aging process in C. elegans.
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Dendrobium nobile Lindl; Parkinson’s disease; Caenorhabditis elegans ; neuroprotection
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R AL I3 A 3P RN 2 R T i R Ak A 9
AHFFE 2 A DU N 3B X ) DNL, FH 7K %5 B3
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1.1 SER##

C. elegans fih 7 P71 N2 FRiC a-syn AO%%
A 2k B NL5901 ( pklIs2386 [ unc-54p:: -
synuclein: : YFP+unc-119 1) , #ric DNs f9 5% F& K
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SOD X & (B K ) ; GSH il & (Pt @A)
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H1L2 g EALAN. 1.0 g A NK.7.0 ¢ BEAR K AN
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MREERE 2 60 CJE KM A 1 mol/L PB %t
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FEVSWL 400 wL, 4394 DNL 5 L-DOPA Jin A%k
HUAERK KRR 5 (nematode growth media, NGM ) H |
fi i % 7.5.15.30 mg/L DNL &% 2 mmol/L L-
DOPA W25kt

AR FRAE (R —E AR A FRA R 5 AR
AR (CRECAL AR A BR 2 A ) 5 3 8 92 0 il
(JERHERR AL ) 5 B AL G RS AU R A BR A
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VOB VR 3 M, BKSh 6 41, Hd 5 A H]
6-OHDA 4b3, 75 4h—2H FHAR R AR ALY ddH, 0 fE
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1.3.3 izghfefiiE

BRI IS ) L4 B N2 Z8 difieif«1. 3. 27
TR A R, AR 3 d e, B Bk
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24 .7.5.15.30 mg/L DNL 3 4 2014 i N2 £&
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e TEEW 1 ~ I AEMRILRNER J2 v 2168 5
HH (red fluorescent protein, RFP) i TEEY
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WEIREE TR AR A AR B LT KR R Y 14
BF AR CB7272 Z8 e B« 1. 3. 2" iy 7 vk itk A7
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A5 R GraphPad Prism 8. 4 341
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BN, N2 £k U FE MO 2% i v 2 e A 25 il 42
Bl , 4 AR WA T A Bl 5 W FR O B R
BIEAAS B [R] PN B A 25 il Ak B, ol e US4k
BIREGE DR W Shae T, S XA L,
BRI 32 B g 7 WA SRR (P<0. 0001) 37. 5,15 Al
30 mg/L DNL ZHFHEZG WA SR AR L, 12 5)
BE ¥R I (P<0.05) , KA LB A DNL
HA M PD &isshe HnyrEH (- 1) .

Ve 5 B A HE M P < 0.0001; 5 REAL LA L, P <
0.05, ™ P<0.001, ™ P<0. 0001,
1 DNL 83 PD £k 32 3 g
Note. Compared with Control group, ™ P<0.0001. Compared
with Model group, * P<0. 05, ™ P<0. 001, "™ P<0. 0001.
Figure 1 DNL improved the motor capacity of
PD C. elegans

2.2 DNL ¥z NL5901 £k 1 o-syn BB

4 a-syn 7E NL5901 Z& HUUR P SR EE I, T 3 iod
PG W EE GFP, i AT a-syn RS
L, ATHf 22 DNL J& 5 A ] a-syn REMEH,
E X REZHAH EE , DNL 3 MR BE 4 a-syn 38 42 3490k
/B (P<0.05), #&7%5 DNL A%k NL5901 £ dt
RN a-syn RE(K 2) .,
2.3 DNL % 6-OHDA % 58 BZ555 %
B R REM R TIRG

WEHERUAR) C. elegans EA 8 A~Z2 B HEHEM
20, [ HE £ B RE A S o R RHA AP 20T | Sk K
WARZICHGERHAMZIT™ . C. elegans ) DNs
IR NSRS & EZPIwt i ESTE B NS T TEA IR B
A AR 45 45 #0 AT DL 2k R DNs B9 5 0
BZ555 2k - 1) DNs $E 7 M3k GFP, 24 6-OHDA
TR I TR LR d S X 2K 5] DNs TE S F 3,
%F BZ555 DNs 4387 7] 1 5E DNL J& 75 %f 2k 1t DNs
HAGRPIER ., WK 3 prs, 5XF R4, B
2H DNs 926 B A% 14. 86% ( P<0.0001) , 3 H.
B MLTUE MR TE A, B ST R i AR R
&, SRR, 457,515 F130 mg/L DNL %
BE: 24 B b B G 26 dt DNs 5¢ ' 5 58 43 1) 184 530
24.59% 18.70% . 13.86% . 22.47% ( P < 0.05)
$&7~ DNL BB R L35 6-OHDA XJ £k H i A% 19

WA KHTOCRHEET a-syn BERE ;B a-syn HIXTZEOERAE, S5XRAMLL, * P<0.05, ™ P<0.01,
2 DNL #3% NL5901 £ it a-syn B4k

Note. A, Image of a-syn aggregation in each group under fluorescence microscope. B, Relative fluorescence intensity of a-syn. Compared

with Control group, “ P<0.05, ™ P<0.01.

Figure 2 DNL decreased a-synuclein aggregation in NL5901 C. elegans
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A B VOB T ZERREMZICEG B Z ORI L O DGR T, 5% AL B, * P<0. 0001 ; SR M EL, * P<

0.05, ™ P<0. 0001,

B3 DNL %% 6-OHDA i 31 BZ555 £k ih £ [ b e it i
Note. A, DNs images under fluorescence microscope in each group. B, Relative fluorescence intensity of dopaminergic neurons. Compared with
Control group, " P<0.0001. Compared with Model group, * P<0. 05, " P<0. 0001.
Figure 3 Protection of DNL against 6-OHDA-induced DNs degeneration in BZ555 C. elegans

DNs #5407 , W HEA G EH]
2.4 DNL 25 PD & HEMBIBE

DNs f9 8 0 & ) D g vl DL 1 # 52  C.
elegans (170, IEW R ENLREAR BWAALE
(VAR iz sh 248, 72 A A0 TR 11 35 74 B 3
B, AnAR DNs WK, SRR B AR ARG
T 2 RIS A2 2 R (Y RE T, S BURA T
P BT LA AT W ORAT R 4 A eT DR A2
DNL &7 %f T DNs A R YEH . £ 6-OHDA
AH S 55 B ZEAH L, 55 20 2 R A U 18 R
FFET 77.20% ( P<0.0001) ,7.5 mg/L DNL 45
BRI ZH AH LRl 12 R 3G i (P<0.05) , 15 mg/L
DNL 241 30 mg/L DNL ZH 545 54 25 A1 Fb 55 Al ek
RN T 240. 33% 1 173. 19% ( P<0. 0001) , FH
PEZG Wy 21 5 15T 2 R e 3 A e 12 R B T
127.87%(P<0.01) , $&/~ DNL 2023 PD £k
RS IR TR, B 4P 3 DNs 19 /EH
(El4),
2.5 DNLiIZEE&HmER

1E N2 £ 9 15 mg/L DNL( P<0. 001) £1 30
mg/L DNL(P<0. 0001 ) Y45 R0 4E K 26 e 54y 5 78
22 6-OHDA 551 PD £k Hif DNL #4534
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4 DNL # 2 HURE R 1 5
Note. Compared with Control group,** P <0.0001. Compared
with Model group, * P<0. 05, ** P<0. 01, *** P<0. 0001.
Figure 4 DNL improved slowing rate of C. elegans
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HUFN PD S U AL R ar AE I (K 5) .
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T AN2 HP AR 2R HUE A7 58 B2 6-OHDA 5519 PD BERIZE HUE A7 5 C:NLS901 R A A7 ST IRAIA L, © P<0.05, ™ P<
0.01, ™ P<0.001, ™ P<0. 0001; S L, " P<0. 01, " P<0. 001,

Bl 5 DNL R m Ay
Note. A, Survival rate of N2 wild-type nematodes. B, Survival rate of 6-OHDA-induced PD model nematodes. C, Survival rate of the

NL5901 model nematodes. Compared with Control group, * P<0.05,™ P<0.01,™ P<0.001, ™ P<0.0001. Compared with Model

group, ¥ P<0. 01, P<0. 001.

Figure 5 DNL extended the lifespan of C. elegans

WA RRRE I B AN DO IR . 50 RALAH EL , #* P<0. 0001 ; SHERIZHAT L, = P<0. 01, ™ P<0. 001,
6 DNL #2542 6-OHDA 55 519 PD4251 2k ik % i

Note. A, Mitochondrial density. B, Relative fluorescence intensity. Compared with Control group,”*P<0. 0001. Compared with Model group,

™ P<0.01, ™ P<0.001.

Figure 6 DNL increased mitochondrial density in PD4251 C. elegans induced by 6-OHDA
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7 DNL 2 6-OHDA 551y CB7272 Zk NI /K-
Note. A, Expression of mitochondrial respiratory chain complex I toV in GFP and RFP channels of CB7272. B, Relative fluorescence

intensity of GFP. C, Relative fluorescence intensity of RFP. Compared with Control group,*P<0. 05, P<0.001. Compared with Model

group, * P<0. 05, ** P<0. 001, “** P<0. 0001.

Figure 7 DNL affected the protein levels of CB7272 C. elegans induced by 6-OHDA
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A :ROS ZEGEIE ; B: ROS AT UG EF ;€. SOD 36 #1; D GSH & &, S5xFMBAM L, P<0. 05, P<0. 0001 ; SHE BRI AL, * P

<0.05, ™ P<0.01, ™™ P<0. 0001,

B 8 DNL M 6-OHDA #5511 N2 28 # ROS .SOD #1 GSH 7K
Note. A, ROS fluorescence image. B, Relative fluorescence intensity of ROS. C, SOD activity. D, GSH content. Compared with Control
group, *P<0. 05, P<0.0001. Compared with Model group, * P<0. 05, ** P<0. 01, *** P<0. 0001.
Figure 8 DNL affected levels of ROS, SOD and GSH in 6-OHDA-induced N2 C. elegans
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AR R . BZ 41 A SUANH R T S TGF-B DA, BZ 40F0 N 403 299 422 78 1, Hivh 180
A R 119 AR 5323 S22 AR, Hodh 205 A4S B398, 118 AN I8 5 00 I R A 904 A 4 il R R IF 4 ik
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Pk SEHGRE M 1 FIEIEAH G A 2R N-WEIEE RS G 2 G Ak 3-SR IEA TG A 30 IR BR300 A5 vy ) ToU ) e e
G0 I IR+ IR IR UK I+ R T A R YRR B 4T 4 A (RF) SRR B i AT
A TR 2T A A P ORI RIS 1 R A P B A B R R I A R A s T R R R L

[XER] B B EFYAL IR UELS 5 SRR 2412
[hE5SES] R-33 [ ZRRFRIZAG] A [XEHS] 1671-7856 (2025) 04-0043-15

Construction and evaluation of mouse model of renal fibrosis
with Qi deficiency and dampness stasis

[E£WE IR A SRR S (ZR2021L2Y041, ZR2022QH133) ; [6] 5¢ [ 3R 2 F & T H (82174179, 82204886 ) 5 H [ i £ )5 B}
2EFL 4RI B (2023T160398) 5 H [ 1 - e R 22 564 (2021M702039 )

[1EE RIS 1 (1998—) , 2o ZE L -E g A4 IR SE 7 1] . vh VG BE 45 5 1RYT B R 890 I I RS .
E-mail ; 1377142543@ qq. com

[EEIEE 1226 (1962—) 2o Wt AR AR50 05 1) . HVH R S5 G167 B R MG IRIIGE . E-mail : Iweidw@ 163. com



44 R E B R 2k i 2025 4F 4 A5 35 %45 4 1 Chin J Comp Med, April 2025,Vol. 35,No. 4

GAO Ranran', HAN Cong”®, LIAN Menghui', LI Wei’*
(1. First Clinical Medical School, Shandong University of Traditional Chinese Medicine, Ji’ nan 250014, China.
2. Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Ji’ nan 250014.
3. Shandong University of Traditional Chinese Medicine, Ji’ nan 250014 )

[ Abstract] Objective To construct and evaluate a mouse model of renal fibrosis (RF) combined with Qi
deficiency and dampness stasis, and investigate the changes in protein and metabolic pathways using multiomics.
Methods Twenty-four C57BL/6] mice were divided randomly into normal (N), model (M), and RF and syndrome
combined groups (BZ) (n=8/group). The experiment lasted 6 weeks. A mouse model of RF with Qi deficiency and
dampness stasis was established by “cyclosporine A +high-fat diet+swimming exhaustion+constant temperature and
humidity”. The model was evaluated by detecting general signs, renal function, tongue RGB (red, green, blue)
values, hemorheology indexes, blood lipids, and inflammation and oxidation indexes, combined with hematoxylin and
eosin, Masson, periodic acid-Schiff, and Oil red O staining, terminal deoxynucleotidyl transferase dUTP nick end
labeling apoptosis, and transforming growth factor-B immunofluorescence analysis of renal tissue. Differential proteins
and metabolites were screened by renal proteomics combined with serum metabolomics and subjected to pathway
enrichment analysis. Results Body mass of mice in the BZ group began to decline at week 3 (P<0.05) and
decreased significantly at week 4 (P<0.01) , while food and water consumption decreased, the fur became messy and
less glossy, mood and activity decreased, and stools became watery. Serum creatinine, blood urea nitrogen, urine
albumin-creatinine ratio, and N-acetyl-beta-glucosaminidase ( NAG) were significantly higher in the BZ group
compared with those in the N group (P<0.05, P<0.01), and serum creatinine and NAG levels were significantly
different compared with those in the M group. The R value of tongue images was significantly lower in the BZ group
compared with that in the N group (P<0.01), while the B value was significantly higher ( P<0.05). The viscosity of
the whole blood multi-shear rate and the hematocrit were higher in the BZ group compared with those in the N and M
groups, and the platelet volume was higher than in the N group (P<0.05, P<0.01). Total cholesterol, low-density
lipoprotein cholesterol, C-reactive protein, interleukin-6, and malondialdehyde levels were significantly increased in
the BZ group compared with those in the N and M groups (P<0.01), and superoxide dismutase activity was
significantly decreased compared with that in the N group (P<0.05). Renal tubule vacuolation, inflammatory cell
infiltration, glomerular basement membrane thickening, collagen fiber hyperplasia, and lipid accumulation were
evident, and renal cell apoptosis and transforming growth factor- deposition were increased in the BZ group. There
were 299 differential proteins in the BZ and N groups, including 180 up-regulated and 119 down-regulated proteins,
and 323 differential metabolites, including 205 up-regulated and 118 down-regulated. Primary bile acid biosynthesis,
taurine and hypotaurine metabolism, and biosynthesis of unsaturated fatty acids were co-enriched in differential
proteins and differential metabolites, involving three differential proteins and nine differential metabolites. Among
these, docosapentaenoic acid (22n-3), eicosapentaenoic acid, taurine, 3-sulfinoalanine, taurocholic acid, Acnatl,
Acnat2, and Hsd17b12 showed high prediction accuracy. Conclusions We successfully constructed an RF animal
model of Qi deficiency and dampness stasis using the “cyclosporine A +high-fat diet+exhaustion of swimming+constant
temperature and humidity” method. Biosynthesis of unsaturated fatty acids and taurine and hypotaurine metabolism
may play important roles in this RF mouse model of Qi deficiency and dampness stasis.

[ Keywords] Qi deficiency and dampness stasis; renal fibrosis; combination of disease and syndrome; animal

model ; multiomics
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B 47 Y AL (renal fibrosis, RF) 2@V B  CKD #EEhH &1ERE RF, £FRZ 10% L EHA
(chronic kidney disease, CKD) i J&& 2 AR W i FEAT CKD, BLE. Ak 20 28 36 T A gt
(end stage renal disease, ESRD) {94 FRIE Al 75 — HEA ESRD B Bow /5 B R ERIT B ok B
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RIYLTE Kt i, WH5E RE AR ALH 55K
FA 8+ W05 3, X T 3E 28 CKD Bk i Je [ i
ESRD A BA H 2 3, il i Sh e R i 45
AR RN AT SR AR 2 AT S M 2T B
[ IR AT R BB 55 TR A A5 AT B9 M TIE 45 15 3l ) A
RURFRITFE I A Jot S o 1= 245 1 R PL BB A i B2
R, RF AR I AR 2 B AT & K b = A%
“HETT S FOWHL LR A R R R TC T |
USRI EN A RSN N TS RN
WA Sy IR AR AR AR R SOAR i o =
“IFNFER 5 ouBREE , e AN REIS T UL, 10
TOA, A5 B TS LA R BB H TR R, T A 3
“PRAEE , NAME T Bl R TR+ il
Tk Iy +HEIR TN " 77 6 RF SRk 4 7 <
RERBI” UEAGIE 1, R IR0 25 WL AR AL | S =
Fabn B DURETVTAN e BRI 5 2 A B R AT A I
FLARE LSRN LU O RF B9 B2 25 01 58 42 11
AR S AR, LA AR — P
P15 2H 2% AR 4 25 B A0 3 2T A Ak /)
A SCH A AR 1 A AR AL, S 3 S R AL
i, LAY RF WFFE8R BERT B9 J7 10

1 #MHITTE

1.1 SEIEzh

5 JAS SPF 9 HEME C57TBL/6] /NRL 24 H /1N
BT 19~25 o, ¥IASE [ Jb M i Sz A8 A= )
RHEA R 7] [ SCXK (51)2021-00107 , 16 5% F
LR B 24 K24 i 25 BE SPF % 8 4 S 36 v o
[ SYXK(4)2023-0031], fif A sh# A ke, {4
HEFE /MK, ShASc s 12 h AC R IR, AR szt
Z AR v B 25 R 22 I I s 5 3 40 S 30 48 B A
Ze A HEE (AWE-2022-048) , 314 3R JHEI 45T
NIBELAR,
1.2 FERXFISNE

90 28 B 3 (B v S A AR D 25 A BR A
"), it 5 H10960123 )5 /N B A 40 I8 A K 6
(interleukin-6, IL-6) ELISA i # & (VI.98 25 4E
YIRS A BRA AL 5 230321KE3) 5 /N C S
# H ( C-reactive protein, CRP) ELISA {7 & (7L
I EY R A R A F] L it 230321KE4) 5/
B N— Tt — B - D— 2 J 4 2 B 1 it ( N-acetyl-B-D-
glucosaminidase, NAG) ELISA {7 & (VL5 & 32

HEWI R A RS R HtE S 230321KES) 5 75
( malonaldehyde, MDA ) M3 & ( Fg 58 A9 T
FEBF 55 BT, 1t 5 20221227 ) ; #4841k ) 17 1k
( superoxide dismutase, SOD) M3 & (a5 & A
W) TR FT AT, A5 20221229) 5 IR 2R 0 5 3t
HI & CRYINER A A B, 4145 20221121) 5 BRI
BE 3 R & IR I R A B g it S
20221222) ; JR 2R 00 7 650 & (TR 75 AL AR A B
2,415 20221020) 5 ILEFIN R 12050 & (ORI A+
A B, LS 20221019 ) 5 34 IH FE B ( total
cholesterol, TC) M 2387 & (RN FE FH A4 ARk,
L5 20220908 ) 5 75 A K - 41 (HE) He i & 3¢
( Serviebio, % 5 G1076 ); Masson %t K & %%
( Serviebio, #& 5 G1006 ); PAS ¥t ¥ & 3
( Serviebio, 575 G1008) ; i £I Y WK ( Serviebio, %
5 G1015); Tunel X 7| & ( Serviebio, 5% 5
G1507) .

South990JS3 Ifi i 38 7343 ( T PR R 7 K i
F WA PR ] ) 5 Chemray 240 4 [ 2R AR50t
CCE DN AL AR Ar BE 4 5 352 ALl AR Y
( Labsystems Multiskan MS) ; Sorvall ST 40 A=k 53
A (FEER R BHE A BRZS 7] ) 3 Donatello i 7K
ML( Germany DIAPATH) ;JB-P5 A3 AL ( AR A
L ABRAR]) 5 JB-LS HR i (DR AN T A R
23] sRM2016 o BT B ( E ik R A A IR
/A7) ; ORBITRAP ECLIPSE JF %1% ( 35 82k K
H/RBHE A BR A ] ) ; ACQUITY UPLC I-Class plus
=AW AR B BE QE plus & 43 BE T 5 X
( Waters ) ; Progenesis QI v3.0 #k f ( Nonlinear
Dynamics) ,
1.3 SEWHE
1.3.1 44l

24 L C57BL/6) /NRUE R PEMESR 1 5 5, B
BLA R IE R (N) AL BERL (M) 4 SR MR B 21 2
EAGUEZE & (BZ) 41, 41 8 1,
1.3.2 mfH

Hii 4 Ji M 411 BZ A3 LRI IRE (Fh B
S3E80. 05% ) 1R 3% , M 4 R RO ok 345 i 1 A 1R 2R
(eyclosporine A, CsA )30 mg/ (kg - d) & TR,
555 FJT IR BZ 4R AR L B B IR DR
(2. 5% MH[EEE ) EFE B R DL CsA 30 mg/ (kg « d)
HEH 2 h 5 BN EUBAOK SR TR, S 44 50%
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/N B A AR TR I R 3 K /N BRUE AR XL
T IE T 45 i BE B i BE ) B B v (IR EE (30«
2)°C MRS 80% ~90% ) , Ff Ki/DHF&E 4 h,
Free 2 (B 1), N Ak E, 20 iERES
R
1.3.3  —RIRAE

Sy ik B % /0N B — A 0K A
3 BREHITIEE, RN AR
1.3.4 HIRESRE R

6 il S S A/ INERUBEAIL R T . A UK 25 24 5 JRR I
AR FE B I, ¥ 2 h J5 3000 r/min 50> 10 min 43
BT . 4 A 3l AR Ak 43 A {SCR I 1t LT ( serum
creatinine, Scr) . JK & % ( blood urea nitrogen,
BUN) . J& H 5 /WL EF (urine albumin creatine
ratio, UACR) , ELISA 3411/ LR NAG
1.3.5 /NEIERFREMIIH

FIA /N BT R AT IR B O/ — B, A 48d 7
Hh B TR /0N B A R 148 S B DR 4[]
— A1 B, R b BB 58 R, SR T Adobe
Photoshop 2021 X R £ 09 MG #E 47 0 M7, 85+ Tl
SRR 3 A X, DA% X S8R P 34 RGB
(£ 5% i) (8, e Ja vk P
1.3.6  “UBMRHAH KSR

JIT A i s 34 4 BRI & v 48 2 1% 40 1 156 B
PEATREIN . ELISA 35450/ BRI CRP (IL-6, 2
H B A Ak 53 B A 4 1 22 D048 3 2 B | Il 2% &

( plasma volume, PV) . ZL 4 4 & X ( hematocrit
HCT) . TC K % B g & A H & BE (low density
lipoprotein, LDL-C) .SOD &4 MDA ,
1.3.7 HE Masson PAS JHZT O Ye(n

B HATEE I T b2 R 2 48 h,
4 pm Y |, A3 Y847 HE | Masson , PAS ¢
o, hYERN S B RS, VKRV A, I n g
Wy Hm AR R B R, AR R AR
1.3.8 IO

EHATEE W T 2 R 48 h,
4 pm YJ A BURIESE | A RO K I
ML £ LS I TGF-B —Ht Je — i, DAPL &2 4L 2
MA% , BT K R A, 2O BB
Image J 1. 53k Rl 55000 I | -5 5 B
= B —ARA - BI5GB/ 1E 2P Y
1.3.9 TUNEL 4T

AT YT R EE ZR 0K, S U KB 2
JEE AR AR, #53050] 1 (TdT) FHi5] 2 (dUTP)
IR G It as B A8 0) Fvb A DAPL %
R, FHT 2 S0 VR KGR 9% 1 4 e, I FH 22 6 I ik
g, R BH R T 40 A%, Image J 1. 53k
AL 20 M SR, R TR A = R T A M A S A
x100%
1.3.10 BTy

RIS 2H 408 1 5, Bradford 72200 22 e B2 | il
fi e ER IR A PRic 5 i I Be T 100 pL JishAH A

1 SRR B 2T AL B R R (1 Figdraw 22 7])

Figure 1 Schematic diagram of kidney fibrosis modeling with Qi deficiency and dampness stasis( by Figdraw )
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Ve A A8 R = O R AT A AL B WRORH T -
i BK Ji 3% ( liquid chromatography-tandem mass
spectrometry , LC-MS/MS) JE 3% 43 M7 . i B DDA Bt
A DIA BRI, XTF DDA, {#i /] ORBITRAP
ECLIPSE Ji{SGH AT 434 , JBT i >R FH A5CH 44 i 72l
KR, B e Y 350 ~ 1500 m/z, —
TS S BEFRBE N 120 000 (m/z) , AGC Ny 4x
10°, C-trap fe RIE AR 50 ms, %53
A% A 15 000(200 m/z) ,AGC i 5x10*, it K
HEARTAA 22 ms, XFF DIA, — 04> P 5
120 000( 200 m/z) , AGC K 300% , C-trap $5 K
HEARTEA 50 ms; — 9% BT 4 2B 30 000
(200 m/z) , AGC 2}y 100% , 5 K VE AW} [E] K 54
ms , JIK BEE 4Rl 1 R f 150 33% , A BB ARG
JEEECHE . B Spectronaut 2144 £ X T 4R 04
HEAT uniprot Mus musculus B 2 | R J5 #4786 F
RS IR — b e ', SR T-test KL, P-
value<0. 05, Fold change>1.5 {153 5] % F & M.
X2 S AT R b, KL E R, 4 A 22
SHE AR Z I E TAERHE 2L (receiver operating
characteristic, ROC) #ill 4, il KEGG & & 2%
SR P VE A
13,11 I sl

LC-MS 404 f#i F§ ACQUITY UPLC I-Class plus
AR RO AT ERER QF plus /=1 43 B AY , (0 AL .
ACQUITY UPLC HSS T3 (100 mm x 2.1 mm,
1. 8um) ; #E iR .45 °C; B AH: WA AL K (&
0. 1%H L) ,B: LM ; Wik : 0. 35 mL/min; FEFEA
1.3 WL, PEMEERE N 0~2 min,95% A,5% B;2
~4 min,95%~70% A ,5% ~30% B;4~8 min,70%
~50% A ,30%~50% B;8~10 min,50% ~20% A,
50% ~80% B;10~15 min, 100% B;15. 1~ 16 min,
95% A,5% B, R IEGEFHMA, midH
JE . IE B+ 3800 V1t B 1-3000 V, )2 SR
i35 Arb, i B SR & 8 Arb, B 4 IR B
320 °C, B E m/z. 100~ 1200 Hz, 42 ik o) Pt
.70 000, MS/MS 43 ¥E%.17 500,

JEIREHE 5 A Progenesis QI v3. 0 #4417
R uk TR B A DR B I RDAR TE | 06X 5
FH—4k ., ffi ] The Human Metabolome Database
(HMDB) . Lipidmaps ( v2. 3) Fl METLIN %4 & LA
J EMDB 2.0 A7, A2 5 b s drofe

I ZICE I AT R AR B 58 Hr, DL OPLS-DA
RS — F R i) VIP > 1, T /5 ) P-value <
0. 05 R 2= A QI , 8 ik 3R 2 B T Ak
L E R SR 5 R 22 AR 19 KEGG 1D i#E47
S ST, R R WA RN (P<0.05) &4
pathway #1720, @ ROC Lrpr it
TRV AE A= s 7 0 ) e S R AR |
1.4 SitEFRE

K HI SPSS 25. 0 X &t #4712t 414, LA
PIBhRE2E (s ) FOR , IES R AT 225%
PERZ G, #5722 P IR IR R 7 2000, ZH I
PR LSD B, DL P<0.05 N 2ZESA G H¥E X,

2 #R

2.1 —ARIKAE

S0 3k R g A T R R AN
U AETIRES . N /MR oK B R i
Wt BE KRS, R ERgK, 5
N 2 oA, M 4/ A 5 3 P IR IR T & R R (P
<0.01) ,BZ /NS 3 JJF i b B0 AR BT i F B
(P<0.05),%5 4 M BIA R & FR(P<
0.01) , [RIFF BRI R ARk /b | B &k =Lt
ERE TR RS PR 25 BE IS Sh B R, RAE MG, it
Hh,BZ AR 5 ETFIR S M 4/ U H A4 5
IS (P<0.05) . 4iRILE 2,
2.2 'BIpREITEM

5 N 4L E, M 411 BZ 415 ShEEFEH5 Ser,

W5 MAMIL, " P<0.05,™ P<0.01; 5 N 4 # I,
#P<0.05,"P<0.01,

B2 AT (n=8)
Note. Compared with the M group, * P<0.05, ™ P<0.01.
Compared with the N group,*P<0. 05, P<0. 01.

Figure 2 Body mass of mice(n=238)
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BUN UACR .NAG ¥JH1 BT} (P<0.05 5 P< TNH(P<0.05), B 5 MARER(P<
0.01) ,#2/RF ez, 5 M 4L HLE,BZ 4 0.05), #nOiFmeEns, S5RWE 3, %2,
Ser NAG /KFFH# (P<0.05) ,BUN J UACR 2.4 MiERTFRNER
YT BTG EE L, SRR, 5 N AUAHEE, M 4/ R4 1 22 ) A8 SR A
2.3 % PV HCT A FiFt&E (HER LG22 E L, BZ 4
IREZRER TR M A/NRESR Red (X /DA IMZUIEFRFEE HCT 2N HFM éﬂi’aﬂ
TN (P<0.05), MR, BZ H/MNRHS  ®(P<0.055 P<0.01) PV N B EF S (P
Red (A LT N 4 (P<0.01), 5% Blue fHE ~ <0.01), Z5RIHE3,
F®1 BIUEEIEFR (xxs,n=8)

Table 1 Index of renal function(x+s,n=8)

54 Groups Ser/ ( wmol/L) BUN/(mg/dL) UACR/(mg/g) NAG/(U/L)
N # N group 46.70+3. 55 22.46+4. 17 27. 06+6. 81 89.02+2. 97
M 41 M group 94.92+7. 04* 27.76+2. 80* 60. 45+7. 92* 107. 50+2. 27%*
BZ 41 BZ group 102. 75£5. 93** 28. 58+3. 65* 90. 83+37. 36" 137. 05£3. 02%*

.5 M AL, " P<0.05, ™ P<0.01;5 N @Ak, " P<0.05,"P<0.01,
Note. Compared with the M group, * P<0. 05, ** P<0. 01. Compared with the N group,*P<0. 05, P<0.01.

£2 /IEES RGB HHE (7+s,n=3)

Table 2 Comparison of RGB values of mouse tongue image (x+s,n=3)

44 Groups 2144 Red Lk, Green % Blue
N4 N group 121. 00+4. 00 77.00+14. 73 85. 00+4. 58
M 21 M group 110. 00+2. 65* 79.00+1. 53 86.70+1.53
BZ 41 BZ group 99. 00+4. 51** 84.00+5. 13 97.00+3. 61*"

.5 NAML, P<0.05,%P<0.01; 5 M 4i#iLL, * P<0.05,
Note. Compared with the N group,*P<0. 05,*P<0.01. Compared with the M group, * P<0. 05.

F 3 PEUMBIR AL AFEPR (2£5,n=8)
Table 3 Blood rheological indexes of mice(x+s,n=8)

I REIE/ (mPa - 5) UEERFE (mPa - s)  LLAIIERY %

4340 Groups Whole blood multi shear viscosity - HOT
10/ 40/ 200/s
N 2 N group 11.97+0. 72 7.36+0. 36 3.840. 38 1.27+0. 07 39. 69+2. 63
M 21 M group 13.28+1. 21 7.61+0. 41 4.20+0. 69 1. 46+0. 17 40. 55+2. 37
BZ 41 BZ group 17.99+1. 21%* 8. 63x0.29"" 5.28+0. 80*" 1.52+0. 10 44.91£2. 61%™

I 5 N AL, *P<0.01; 5 M 4iAfLL, " P<0.05, ™ P<0.01,
Note. Compared with the N group,®P<0. 01. Compared with the M group, * P<0. 05, ** P<0. 01.

B3 PRI RER

Figure 3 Comparison of mouse tongue images
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2.5 ImAg.REMEMLIEIRENER

5 N4 #,M 4 TC LDL-C MDA J} &,
SOD TG PR 0 22 53 0501242 X, CRP Al IL-
6 JKF-THE (P<0. 05 8 P<0.01) ;BZ 41 TC .LDL-
C.CRP IL-6 MDA 7K-F-3 8 & T+ (P<0.01) , H
5 MAHS 2% (P<0.01),80D i N
HFFE(P<0.05), 45RWHE 4,
2.6 SHARAREBEHRET

5 NALE,MHA/NEHL HE YRS
INERBE BEAEAR B /NE K R AR PAS Y
B B /N BR S I I 1 TR | AR TS AN i 4 2 5 Masson
Yot R IR AR AR A B 5 94 O e arn /b i g

iR 2, BZ /N AT L /INE B o A 1 AR B A
RV AR BN BRI B | 4T 4 3
AR R E (K 4), & s s, 5 N4
Fbdss , M 4 H BZ 411 41 2L 4n i 8 7= M TGF-B Ut
UM (P<0.05 5 P<0.01) ,BZ 215 M 414 Lt
A= L (P<0.01) ,
2.7 BEAREAFMMERGEESH
PE—2%F N 40 A BZ 4/ R T4 218 1
20 2 IR A R 2H 2% 43 A, I <R S ' 21 4
/NG I AR i Rk 28 Ak, Kl 6 2R
FR A 2A 25 R R0 BZ 415 N 41 & 4tA 299 4
Z5&EA, 180 4~ M, 119 AT, 451

R4 PBURLNE JRAEFEAGIR (x£5,n=8)

Table 4 Blood lipid, inflammation and oxidative indicators in mice(x+s,n=8)

/4 Groups N 2H N group M ZH M group BZ 2 BZ group
o4 =
“‘*‘EEW@?‘{C( mmol/L) 2.76=0. 61 3.73+0.76 5.76+1.37""
%R e 1 F| i
fIRAR i 2 L/ (mmol /1) 0. 98+0. 13 1. 13+0.21 1.96+0. 17%*
LDL-C
¢ fiﬂjﬁclﬁl}{ (mg/L) 2. 3540, 37 2,820, 25" 3.59+0. 36"
AN
AT &/ (py/mL) 80. 65:6. 60 118. 09210, 27" 138, 639, 74"
i VT
Iﬁﬂ%%iﬂﬁ)@f P/ (U/mL) 275.78+25. 47 241.96+32. 08 219. 16442, 29"
N &/ (nmol/mL) .
o 4.51+1.01 5.03+1. 06 6.86+1. 21

.5 N4 M, *P<0.05,%P<0.01; 5 M 41/ 1k, ™ P<0.01,

Note. Compared with the N group,*P<0. 05, P<0.01. Compared with the M group, ** P<0. 01.

4 /PEUEHZREAR L

Figure 4 Kidney histopathological changes in mice
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TE: A BF2HZ TUNEL 41 152 TGF-B %6 ; B A 2L A ML JH T 46 80 (n=3) ; C: 4541 TGF-B FHZOEIRE (n=3), 5 N4, P<
0.05,"P<0.01;5 M &AL, * P<0.01,

B 5 TUNEL #iaf 1=K TGF-B A
Note. A, TUNEL cell apoptosis and TGF-B fluorescence in renal tissue. B, Apoptotic index of each group (n=3). C, Average fluorescence
intensity of TGF-B in each group (n=3). Compared with the N group,*P<0.05,"P<0.01. Compared with the M group, ** P<0. 01.

Figure 5 TUNEL and TGF-B fluorescence

A BRI KN B 2 RE I REA,
6 BZESFEE KL RE A
Note. A, Volcano plot of differential proteins. B, Cluster plot of differential proteins.

Figure 6 Kidney differential proteins volcano and cluster analysis
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ZREAKLE L REE, X2z REAHT
KEGG & 54017, 7T 0L 25 5 8 (1 2890 S MA I
HEIM ZLIE | FR G0 2T BEAR A | PPk 20 e A1 B BIE
O A R Y T NS N = IS (02 I E I o
WA TEEIRAR BRI — B Rl R S [ B R A A
A 25 AR - LA | A2 2O AE - DNA &
Wi (E 7).

T PRETE B 2R 5 0 22 5 A Q) I () o SR 3 A

L A 2H 230 3 T S i e /s 3 7 =5
AT (orthogonal partial least squares discriminant
analysis, OPLS-DA) Il BZ 211 N 41 iy At 9
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Note. Standard red pathway indicates pathways that are enriched with serum differential metabolites.

Figure 7 Renal differential proteins enrichment pathway
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Note. A, Volcano plot of differential metabolite. B, Cluster plot of differential metabolite.

Figure 9 Serum differential metabolites volcano and cluster analysis
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Note. Standard red pathway indicates pathways that are enriched with Renal differential proteins.

Figure 10 Serum differential metabolites enrichment pathway
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Table 5 Common pathways and information involving differential proteins and metabolites
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Figure 11 ROC curve analysis of the differential proteins



54 R E B R 2k 2025 4F 4 A5 35 %45 4 1 Chin J Comp Med, April 2025,Vol. 35,No. 4
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Figure 12 ROC curve analysis of the differential metabolites

TE A REIE B AR SCHIE R I, 1B P 206 IEARSC , W 68 FURE G , B (0 B R AR S M B  [68] F) R/ MR A OGP 1 TR I [68]
T IR 5 C . TR 45 1] S (2R S G, T (S IR IE AR G ZR L AR DG PE R B =L

13 HEPA SRR IR IBAE O T
Note. A, Cluster heatmap. B, Correlation matrix diagram, where red represents positive correlation and blue represents negative
correlation. The darker the color, the greater the correlation. The size of the circle represents the magnitude of the correlation, and the
larger the circle, the greater the correlation. C, Correlation network diagram shows that the green line represents negative correlation, the
red line represents positive correlation, and the thickness of the line represents the level of correlation coefficient.

Figure 13  Correlation analysis of co-expression between protein and metabolism
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[ Abstract ]
polysaccharides (PSP) on diabetic cardiomyopathy (DCM). Methods
were divided randomly into Control, Model, PSP, and metformin groups. After 4 weeks of feeding a high-fat diet,

Objective  To investigate the protective effect and mechanism of Polygonatum sibiricum

Forty SPF-grade male Sprague-Dawley rats

streptozotocin was injected intraperitoneally to establish a rat model of diabetes mellitus. The drug was administered by
gavage for 12 weeks, and body mass and blood glucose were recorded every 2 weeks. Cardiac function was detected by
non-invasive echocardiography at week 16. Myocardial histopathological changes and the degree of myocardial fibrosis
were assessed by hematoxylin and eosin and Masson staining. Serum interleukin ( IL)-6, IL-18, IL-18, tumor
necrosis factor-a (TNF-a0) , triglycerides, total cholesterol, low-density lipoprotein, and high-density lipoprotein were
detected by enzyme-linked immunosorbent assay. Expression levels of the fibrosis-related proteins transforming growth
factor (TGF)-B1, Smad2, Collagen- I , Collagen-1Ill , and the pyroptosis-related proteins NOD-like receptor thermal
protein domain associated protein 3 ( NLRP3 ), apoptosis-associated speck-like protein containing a caspase
recruitment domain ( ASC), and Caspase-1 were detected in rat myocardial tissues by Western blot. Cellular
experiments were performed by exposing H9¢2 cells to high glucose (40 mmol/L) to mimic the in vitro DCM model,
cell viability was detected by Cell Counting Kit-8 assay, and the apoptotic cell ratio was detected by flow cytometry.
Results Rats in the treatment group had significantly lower blood glucose, lipid, and serum inflammatory factor
levels compared with the model group (P<0.05), significantly higher ejection fraction and fractional shortening
values (P <0.05), and improved cardiac function. Myocardial fibers were better aligned and collagen fiber
accumulation was reduced, and myocardial tissue levels of NLRP3, ASC, Caspase-1, Collagen- I , Collagen-1II ,
TGF-B1, and Smad2 were significantly reduced ( P<0.05). In the cellular assay, PSP increased the viability and
decreased the proportion of apoptotic cells in high glucose-induced H9¢2 cardiomyocytes. Conclusions PSP can
improve glucose-lipid metabolism, protect cardiac function, and delay the occurrence of myocardial fibrosis in diabetic
rats, and can also improve the viability of cardiomyocytes. Its mechanism of action may be related to the inhibition of
cellular pyroptosis and delayed occurrence of ventricular remodeling.

[ Keywords ) Polygonatum sibiricum polysaccharides; diabetic cardiomyopathy; pyroptosis; myocardial
fibrosis ; inflammation response
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f LR I R 9 A AL, H T I B AE , Wt
SRR B A v B PR b BEORE £ b
( Polygonatum sibiricum polysaccharides, PSP ) Jg&
I EEATE MR WEST B, PSP HLAT I I
fi B MR B BUEML SUA IR TSR
PSP ] DL o 98 1 S8 A IR, SR S R I T 4
PR X €5, 3R 1 B A B 0 52 e WS S 4
B3t 78 LPS U5 3 iy e R4 AL AU v, PSP i 3
NLRP3/GSDMD {7 541 il 1T 240 ) 1 0 A JHF 454
it BeAh, PSP sk 1 il Y R AR N K |
HP A LG8 BE 2R 48 D BE W08 0 K A% /) 25 8] 15
SR EITI ARG . [H PSP B3 DCM Y RFSY
B T DCM A& A & e #i rp i &2 2t PSP
3 DCM 24 BRAILAR i AN B, DO A SR 7E
PRVF PSP 3l P4 NLRP3 SRAE /IMAHH S 11
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1 #EFTE

1.1 LIEHH
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e 40 H 6~8 JEIE SPF 24l SD KR, 14
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A [ SCXK (1L)2020-0001 ], A 5256 5 ¥y ¥ 4]
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1.1.2  #ie

H9¢2 K RO L4 A W B X I 2 4 O 23 )
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1.2 FERFISNE
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WEMESE 4 J8 5 ME s 1 41 40 mg/kg STZ #: 37 B8 IR
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DI Met) 20, 520 10 2, 1 4RI 2H 25 755
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1.3.5 HEHREEENEL (Western blot) 434
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PVDF X I, 5%BIBNE IR £ 1 h,4 CIER —
POt , 0 H Z W 1 h, 4 @i ib: OB
WARAN 5 ,Image J 2. 14.0 BRI G5
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K3 L A Al A B335 5 VR A8, AR e AN
EDTA B JEREG X240 M B 17T Ak, B S 4 H s 4
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(ANOVA) J5 ik Jr 22 57 P B0 BcHi , WAt iz
/N EZEFD(LSD) . X P<0.05 BHA 22 5
Aot #E L,

2 #R
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SIEHE 2 s, BRI ZH R s IR o B s (P
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IEH LS 3 R, PSP 415 — FXUIA K AR o
B A T T (P<0.05) . #E—2 i

Rebr & B, BEAI 41K B TG . TC | LDL 7K i 3%

ETIER 4 (P<0.01) , 1 HDL 7K 55 2 A%
(P<0.01), AHHLZ T, PSP 45 — H XU K B
) TG .\ TC F LDL 7K & 2 Bk (P<0.05) , HDL
K BFEFE (P<0.01) . Z5 EJFiR PSP BEA AL
RRARCHH PR I BRIt b A2 It Bg 7K (& 1)
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I 2k (P<0. 05) .



62 R E B R 2k 2025 4F 4 A5 35 %45 4 1 Chin J Comp Med, April 2025,Vol. 35,No. 4

2.3 PSP Xt DCM kB A& R 200 0.01) ; SEERIZ A L, PSP 20 B — H SR T1L-6
SIEH A, BRI 106, 10-18 IL-18 1 TL-18 IL-1B Il TNF-a HJFEAR , 22 F BA Giit24 5
TNF-a 5 BB, 22 52 A GE31 % B L (P< U(P<0.05,% 1),

TE AR RS AR K 5 B R U BT 5 C~ F o L b =R RIS | o 2 B IR & VRIS AR S kP, SIER AL, " P<
0.05, ™ P<0. 01; SEAZFH L, * P<0. 05," P<0. 01,
1 PSP Xf DCM K BUBERR A A 5E 1
Note. A, Fasting blood glucose levels of rats. B, Body mass of rats. C~F, Serum TC, TG, HDL, and LDL levels. Compared with Control
group, * P<0. 05, ™ P<0.01. Compared with Model group,*P<0. 05,*P<0. 01.
Figure 1 Effect of PSP on glycolipid metabolism in DCM rats

TE A ARRME M B2 M A0 30 8 B~ C A A BORUE SR (n=3) . FSIEHHAMIL, ™ P<0.01; SEAIZHAH L, " P<0.05," P
<0.01,
2 PSP 3% DCM K RA.OIIRE
Note. A, Representative M-mode Doppler echocardiograms. B~ C, Ejection fraction and fractional shortening(n=3). Compared with Control
group, ™ P<0.01. Compared with Model group,*P<0. 05,*P<0. 01.
Figure 2 PSP improves cardiac function in DCM rats
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2.4 PSP Eii DCM KR 4E4L

wmE 3 fro~, % H HE & Masson 4t {0 PEAL
DCM K FLC LA 2% BUE 5248 fk, HE 4]
UL, IEH A, KBGO ALES A O e R4y e 2t L
LR AEHESVEEST A T, O LR BT AP A DL A e R P 2
MO, A EEZ T B 4 R B O JULET 4 371
I I R ZEALARAS, WLIa) b B 3 5, fE A
Sk e T[] J3 W DL 7E i B Hp A5 i R M Al i R
M, MiAE PSP 415 — B XSUIRZ H , K RO AILER 4

HEGI AR A R | 21 4k o (] P 38 5 A ) L0 L
200 e K e A P 2 Ry 2 DL T B A S B A R T I
KA, HAR IR 1 %8 /0 . Masson 4t {25 5L i
N, IEE AR RO LA e 3 5 e a1 8, HoR
MR S £ A TR . BB 2H BRI O L ET 4
HES AN 2L, P A K W5 R 4T dE A i
15 PSP 2l v Jie Ji 21 A ME R I 25 ek /D 0 LT 4
HEF T 55, — HOBUICA W) 2R 20 i i &
e B D (A F PSP AL, 0 WLET 4 HE 51

%1 PSP X} DCM KR 1L-6,1L-18 IL-18 il TNF-o & = 5200 (2+s,n=10)
Table 1 Effects of PSP on IL-6, 1L-18, IL-1B and TNF-a levels in DCM rats(Z+s,n=10)

2531 FI/r &R - 1B/ (pg/mL) H 4% -6/ (pg/mL) H4r#-18/(pg/mL) iR RFE R F -/ ( pg/mL)
Groups IL-1B IL-6 IL-18 TNF-a
=24
) w4 16.91+2.59 107. 69+4. 77 53.21+4.86 32.21+3.88
Control group
e . .
30.72+5.16™ 119.40£2.57™ 91.12£16.38™ 47.83+£3.36™
DCM group
NG L it
”%g*ﬁ 1l 22.60+2. 10" 160. 45+8. 88" 65. 12+8. 51" 35.28x3. 44"
PSP group
ZHBUIRY
R 23.66+3.27* 126. 74+7. 70* 64.32+8. 95 33. 88+4.22%
Met group

T SIEFAALL, ™ P<0.01; SRR LL, " P<0. 05,%P<0. 01,

Note. Compared with Control group, ™ P<0.01. Compared with Model group,”P<0. 05,*P<0. 01.

A HE Masson Y& a6 I K 50 LA U BRI 2548 1k ; B Western blot 6 il I B0 LZH 21 H Collagen- T | Collagen-1I , TGF-B1
Smad2 AW EIE;C~F. RARBER, SIEFHMLIL, ™ P<0.01; SHEILM L, "P<0.05,"P<0.01,
B3 PSP X DCM K BC JILLF 44k i 5

Note. A, HE and Masson staining was used to detect the histopathological and morphological changes in rats’ myocardial tissue. B, Western

blot was used to detect the expression of Collagen- I Collagen-Ill \TGF-B and Smad2 proteins in rat myocardial tissue. C~F, Quantification

of protein expression. Compared with Control group, ** P<0.01. Compared with Model group,*P<0. 05,"P<0. 01.

Figure 3 Effect of PSP on myocardial fibrosis in rats with DCM
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IAFHE—E B AN 2L, 3 Western blot 7 i
— BRI & B, 5 1EF AUA L, AR A KRR L
HAH Collagen- [ Collagen-1I . TGF-B1 ;% Smad2
I RIBKFH R THE (P<0.01) ; SR
AHEE, PSP 415 — HBUIAL K UG ILdl 28 bk
HHMRBKF A IR RBE(P<0.05), iX—%5
Rt — 2RSS T PSP 7 2% fifk 5 DR s R B JIE &1
Al J7 T HA FRAE A
2.5 PSP xf X R0 AL 42 42 NLRP3, ASC,
Caspase-1 & HFRIZH M

FHEE T IE W 41, B 41 R B0 L4l 8L
NLRP3 ASC VL f Caspase-1 5 FFR A K 1 2 8
i EIHEH (P<0.01), SHEBIAHLL,
PSP 415 — HISUIAL K B WL 2L AP 9 NLRP3 |
ASC J Caspase-1 8 HEKIBK LA BE TP

<0.01), S59FH], PSP BEA Ml £ -4 6 2
FTERE IR R RO LA 2 Rk (K 4)
2.6 PSP XIS HEiFSH HI2 (O L4 E ST 10
= A1]

W3 CCK-8 YA KM AN [R] ¥R BE PSP 78 A [R] i)
Ji) ok 2 % T R B R BT A HOC2 M AR A7 T 13
Wi, HIP 5 B s, 78 12 h A1 24 h BF,0.5 mg/mL
F11.0 mg/mL 4 PSP #47] $2 i35 = bl 45 14 T 1 4
J13% 71 (P<0.05) , H 24 h BHEI BT, HI,
AWFSEEHL 0.5 mg/mL #1 1.0 mg/mL PSP £
24 h HEFTIRSN IR
2.7 PSP X5 HEiFSH HIc2 O AL4H B - 1
= A1]

W 6 Fros , f#i ] Annexin V-FITC PI #ric 4
JIE, >R FH 3t =2 A e A Rz 0 9 T A0 R B A R b

1 : A Western blot &l BLCy L4121 NLRP3  ASC ,Caspase-1 & 135 ; B~D. B RIKER, SIEWHMIL, ™ P<0.01; 5H#

A, " P<0. 01,

4 PSP X DCM K NLRP3 .ASC .Caspase-1 25 4 357K A 520

Note. A, Western blot was used to detect the expression of NLRP3, ASC and Caspase-1 in the myocardium of rats. B~D, Quantification of

protein expression. Compared with Control group, ™ P<0.01. Compared with Model group,* P<0. 01.
Figure 4 Effects of PSP on NLRP3 ASC and Caspase-1 protein expression levels in rats with DCM

I 5EWHME, © P<0.05, ™ P<0.01,

5 PSP %E A S A HOC2 (O LA T 7 i 50

Note. Compared with Control group, * P<0.05, * P<0. 01.

Figure 5 Effect of polysaccharides from PSP on the viability of high glucose-induced H9¢2 cardiomyocytes



o P AR R 4R 2025 4E 4 45 35 545 4 ) Chin J Comp Med, April 2025, Vol. 35,No. 4 65

RS O el B 7 T o g N R S =

(22.96% vs 4.52%) , PSP {720 () 40 fd i 1

Fof R4 22 8. 4% ; PSP 15 771 e 4H A 41 L R 1 e 49l

TIZE6.21%,

2.8 PSP %t H9¢2 » All 48 B2 Collagen- I

Collagen-1II ,TGF-B1 #1 Smad2 & B8 RiXHI &M
Western blot 722 % il HO¢2 0> L 40 fifd

Collagen- I Collagen-1I \TGF-B1 F1 Smad2 £ [13&
RGO, B 7 B R OR, 5IE R A AL, mRE
Collagen- I ,Collagen-1lI \TGF-B1 & Smad2 & gL
TR BE TR (P<0.01) ; SRk M L,
PSP R4 | Rl i 2 LR AR A SRR K3
AT FFE(P<0.01) , IX—Z5RAESE T PSP o] L
I = A T O LB ML 2T 4L

6 PSP Xf im0 HOe2 (O LA LI T 1 5
Figure 6 Effect of polysaccharides from PSP on high glucose-induced apoptosis in H9¢2 cardiomyocytes

7 : A Western blot il H9c2 2 # Collagen- I | Collagen-TI \ TGF-B1 1 Smad2 EH I £ IL;B~E. EHREERE, SIEWHM

Lk, ™ P<0.01; 5@ Lk, * P<0. 01,

7 PSP XF H9c2 LWL Collagen- I Collagen- 1l \TGF-B1 . Smad2 & F4 35 AY 5

Note. A, Western blot was used to detect the expression of Collagen- I ,Collagen-Ill \,TGF-B1 and Smad2 protein expression levels in H9c2

cell. B~E, Quantification of protein expression. Compared with Control group, ™ P<0.01. Compared with HG group, ™ P<0. 01.

Figure 7 Effects of PSP on Collagen- I ,Collagen-1I \ TGF-B1 and Smad2 protein expression levels in H9¢2 cardiomyocytes
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3 it

AR [ PRt PR B A (IDF ) S50 & Al i 4e 1t
Bl 2021 A BRVEEIN 20~79 BHAERYBLARERY
BEIRM B RA IR B T 10. 5%, it = 2045
AE X — P T 2 12. 2% BEE BEIRG R
HNBCEEETE, DCM KR R T, Je b
PRIF G KA e m e T EE R H
FOw LTI 2, B AT AR & A% DCM 3677
25, NI TR R A RURIRYT FBEESE DCM
K.,

DCM AYIGRE IS8 T i K22 < 48 " IF &
“HPET T SV Y BRI KA
R AR FLE DCM B EZLAL, AR i B BH
RVE S ECR  RE E  PA BELC ik, AT Z
PR B AT 3 20 K vt T O L
YA 5 K RAE R, 1755 e I AR R RO AL
o RO WL 4EfE . B3 DCM AT S 200 AL
ATREZAEL, PN S 2 B0 Sy el ) TR
B, H 2 TER YT BRI T2 A SRR AR B, R
AR AR A , 38 FT LLIE 1 A ARk, #iB5 AiG
S RAES . FEAHE ST, PSP il i 3% DCM
K ERBERR AR B0 D B8 U O WLET 2 fb N 98 9

FV B VRS 1 M PR AR A S0 LA i
R A AE A o, T CR RAE A2 1, X — 5
RN 10 R 2F 4E Ak 0y SRR R E T O
Y PSP T HilAT sk b % 1k SR B AR Ak, [
B, PSP i HERSE DCM KRR &F 5K T e Al 46 £h
fie, WERTF EF% M FS%, A, PSP AR T .0
Wb CK-MB il LDH 7K3F- ., Western blot
(Rt —25 53 B N3+ R T 95 IE T PSP 7E I8 %0
WLET4EAL T7 T AR AE . 40 e A T — Ao
IR RE P PEAN M AE 1207 2, 5 ARAE SN 2 (8] 4775
FH B HCEE ' NLRP3 25 (1 e K 25 il -
1 A& ( pro-Caspase-1) LL & ASC #4 i, T NLRP3
R/ NMA = T8 2k A TA] B AR B R TS R
Vi, St 1) I8 75 AL i S 2 S e, FR T 2
NLRP3 & M /MAEAE 3 Caspase-1 #75% , 5 T IL-
1B \IL-18 #AE Kl 5 FE 75, S5 B0 LA e 28 L, 48
i S A0 238 AR i PN A ) R TECRN A i AE T, AT 5
R AR HE DR, D LA difb kA (KT 8) itk — 2
SO EE SO RERRAT T e Rt AT AT
C 575, 7E DCM SR rh L TR SR I 3R3A
R B ARBE S HE— 2P BIE, DCM O i
202 NLRP3  ASC M Caspase-1 25 1 #5215 7K
SEXIA W BT 0 PSP AT WA RGE H T X

B 8 PSP Jfs DCM AL & (B Figdraw Z:1il)
Figure 8 Mechanism by which PSP attenuates DCM ( by Figdraw)
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[ Abstract)
lipopolysaccharide ( LPS)-induced inflammation in peritoneal macrophages in lipopolysaccharide binding protein
(LBP) -knockout (Lbp™™) mice. Methods

establish an LPS-induced inflammation model. Chrm3 expression in Lbp”~ mouse peritoneal macrophages was

To investigate the role of cholinergic receptor muscarinic 3 (Chrm3) in regulating

Objective
Peritoneal macrophages were isolated from wild-type and Lbp™”~ mice to

inhibited by 1, 1-dimethyl-4-diphenylacetoxypiperidinium iodide (4-damp) and small interfering (siRNA) and Chrm3
overexpression was achieved by lentivirus transfection. For 4-damp inhibition, cells were divided into control, LPS,
and inhibitor groups, and for siRNA transfection, cells were divided into control, LPS, si-normal control group, and
si-Chrm3 groups. For overexpression, cells were divided into control, LPS, negative control, and overexpression
groups. Changes in Chrm3 in response to LPS stimulation were verified by Western blot. The effects of 4-damp, si-
Chrm3, and lentivirus on cell inflammation and survival were confirmed by Cell Counting Kit-8, quantitative
polymerase chain reaction, and Western blot assays. Results Chrm3 protein expression was significantly elevated in
Lbp™" peritoneal macrophages post-LPS stimulation ( P<0.001) , whereas there was no notable change in wild-type
cells. The cell survival rate was significantly increased in the 4-damp and si-Chrm3 groups (P<0.05, P<0.01), and
cell survival was significantly reduced in the overexpression group (P<0.01). Furthermore, 4-damp and si-Chrm3
significantly reduced expression levels of the inflammatory factors tumor necrosis factor (TNF)-a, interleukin (IL)-
1B, TL-6 (P<0.01, P<0.001) , and phospho-exiracellular signal-regulated kinase ( p-ERK) ( P<0.01, P<0.001),
which are associated with cell damage and inflammation. In contrast, TNF-a, IL-1B3, 1L-6 ( P<0.001), and p-ERK
protein ( P < 0.001) were significantly elevated in the overexpression group. Conclusions LPS stimulation
upregulated the expression of Chrm3 and proinflammatory cytokines in Lbp™~ peritoneal macrophages. Specific
downregulation of Chrm3 by 4-damp and si-Chrm3 significantly decreased LPS-induced proinflammatory cytokines in
Lbp™" peritoneal macrophages, while upregulation of Chrm3 using overexpressing lentivirus significantly elevated the
expression of related inflammatory factors. Chrm3 is implicated in the regulation of the LPS-induced inflammation
response in peritoneal macrophages in Lbp™~ mice.

[ Keywords] Chrm3; Lbp™ mice; peritoneal macrophages; 4-damp; RNAi; overexpression; MAPK signaling
pathway
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fi§ Z ¥ (lipopolysaccharide , LPS) 1E A N B R
W BRI LT, E AR TR 22 [RBA P TT ( gram-
negative bacteria, GNB) 4 AME 243524 K
FAME B SE T I 2407 B, LPS £ DA 41 g A1 RS il
Skt LPS — Bk ABLIRPY , SEVTRES | & 4 B e
RIS, LPS #EANUARS T2l 1t 5 15 2 HE4,
& %6 M (lipopolysaccharide-binding protein, LBP) 2%
BRI, LBP 1Ry — i 2 52 2
FI, R R4 G A M N TR LPSY . EREW
B LPS ¥z =ANMI R I HY CD14 324K JE IR LPS-
LBP-CD14 = JC 5 & 1, W 0 98 A8 I 1
F WA —Fh Z D e e i 26 T

B AR B SRR RIBE T 4B T Ak Y 4
308 5 fike e AN ) A5 5 0, 214 L W 40 i K
TGS BT AT AR R I 52 44, 4 Toll #3214
TLR2/TLR4, filt & 1% 538 ¥, 40 22 24580 85 H
P4 ( mitogen activated protein kinases, MAPK) I
PR S AR PH - (AN A A 2 TL-6  1L-13 i
PRBEP 7 TNF-0) 77 DT A 280 b B3 AT 3 75 114 77
HERE,

AWFFE WA RS LBP JE K 7] 236 i LPS il
BT S B A B ZE T T v, FRATT L
Lop™ /MU A AN AR fa 7 1 IS Bk R

II %2 & 1a #Y (‘angiotensin Il receptor type la,
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Agtrla) A1 B L I £ Z K& olA A 52 K
(adrenoceptor alpha la, Adrala) 7E LPS 55 i &
EAR A% 1B vh R 45 SR T o 9K T 38 e 41 )
5 siRNA ¢ PRl e AT KRI85, LPS 51 &
() S AE B ISEAS A 75 53 BEL VBT, LT 40 e 95 47 1) 2% fi
FEEESA R X4 /R7E LBP FEPR BRI 75 5%
T, LPS B RAEAF 5 Al B ok HA A Fim e 13
BT AW Bt — PR R Lop™ ™ /N BRI
T AE AU S (R S AL 1B AL, USSR A ) B
LPS B f 19 43 F IR R 2% 1 I IR IE IT
PRE 3R IMLAE SRH DG FAE A8 i B I B2 {4k 7 284 1 i
O AR

RE B8 fiE 32 74 7 2 5 3 ( cholinergic receptor
muscarinic 3,Chrm3) /& G & H B2 R R ER —
BT AR BT LSS A Gq G Gg-PLC-
DAG/IP3 55 4% 3 & 42 IR Ca™ , Hik 7T L)
4 MAPK 1553l B B0OS . A BFFE R A 3, BH Wy
M3R A] LU S AE PR | 48 5 470 98 6928 S i DA
T8/ FRg ) A K A e 988 R 1 B g S
WCAMF 22 0 93 A X %3¢ 28] 38 2o 25 58 08 A7 1R 45 24 ]
DAV 1A A AR, 3 10 3 Y 2 38 8 52 1k LA e %
PEFIE2B) R S s 1 5 4-damp | si-Chrm3 4%
SEPEREAR Chrm3 HYZRIK A RHOUFEAR T LPS 515k
AR 2 AE , JF 38 3 ook 2 K18 998 B S 1 B ik 1
Chrm3 7£ LPS 5 4 SAE H B9 4E L, 9 LPS Bir
B SERE S BT HE SRUBT AL

1 #RFFE

1.1 SCIEzh

BRI mA I S5 56 B ) B A PR A A
1A (% 20 H SPF 9% Lbp ™~ Wbk 6 WS AR &
20~22 g BN, 5 H SPF 4% C57BL/6J Witk 6 JH
W R 20 ~ 22 ¢ /R [ SCXK () 2023 -
0002 ], 5255 H BRI 3% T I ARS8 — R R K450 00
FERE [ SYXK () 2023-0012 ], % I8/ B 15 1
£ 12 h/12 h JRJE 22~25 °C JBJF 55% ~60% , 52
B2 I AR A S sh o0 48 B H it e G
(15002024056 ) , 5256 /)N B A FHEAE 3R S5,
1.2 FERFISNE

WAt SRR AN ( LA T A TR PR
F],367-51-1) ; LPS ( 32 [# Sigma-Aldrich, L5418) ;
4-damp ( Z£E MCE; HY-100958) ; T4 RNA (dt 5t

R W N 74 ) ; Lipofectamine™ RNAIMAX
iYL (25 Invitrogen, 13778-150) ; RNA $2H
W& (3£ E Omega, R6934-02) ; 30 4 i F &
( HZA TaKaRa, RRO47A ) ; £ 11 il 410 il 1R 5 W
( LV HERG AR P R 25 R A PR ] GRF101) 5 %
TR T ) R VR A VR (L Y Tl A P B 25 R A R
AT, GRF102) 5 %0 RIPA 41400/ 41 it P o 22 it
R (L v Il A ) = 25 BB AT B DL PCIOL )
BCA # vk B 170 & ( L A A= ) 2 25 )
AT, Z)102) ; Chrm3 | B-actin . ERK1/2 , p-
ERK ( "' [E Cohensionn, CQA4080, CPA9066 .
CPA1944 CPA4924) ; I12EdT o — b ( iR A
YIERIE A R F),LF102) . 28 Wi (6
[ ZEISS, %15 382011386 ) ; 4 itd 555 32 46 ( 1% [
Thermo , "5 . 1160) ; Light Cycle 480 II S5 G
E & PCR L (f&[E Thermo, %5, Light Cycle 480
1) ;8 R b2 O R & 58 (321 Bio-
Rad, %5 BR17952) ; 85 A HL UK ER 3 R 48 ( 3£
Bio-Rad , 4“5 : Mini protean ) ; {5 18 & — i i 32t
I ( 2 Spectra Max, 15 .i3x)
1.3 LH*
1301 I W 44 i ) 1 B

S AR B TE AR UIE i W 4 A, X/
FUE ST 0.1 mL B 3%%0 3 2 BERRANIA T |3 d
JEANFE/ N IR IGTE 75% Z BEH IR 3 min, B,
DAL /N BREET 38 B Bk, 1 G 52 Sk i 37 1557
B T M A IMUZ) 0.5 cm b GREITHT X B) |
DL 30005 A BN VR S B 2 ki w 1) BN 2212
LA JERHVER 9 58 1 6 1 FES BEL 0 /5 20 EHE T 10
mL A BEER 7K, SRS 37 B LAFE IR U /0 BROIE 3
IR EF ERIEAZEE 3 min, KE/NBUE E TAMEMY, JC
AT, B PO A I, 3 g 8 /0
W I PR, T [T 2 9 ml ROV VR, H
2000 r/min &5 .0> 10 min, 3 W5 W, 32, 40 i
THEL
1.3.2  #fiusrdl

TR 2 L A g IR A (25 XTI |
LPS 20 A(LPS Z4bFE 12 h) #1571 41 (4-damp +
i 30 min J5 A LPS 2[RI WEE 12 h); #5 4
siRNA 7265 40 B 43 X BE4H B (25 FH X RE) (LPS
20 B(LPS % 12 h) .si-NC 4 (si-NC #5312 h
JG A LPS & 12 h) . si-Chrm3 4 ( si-Chrm3
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A% 12 h ST LPS AR BR 12 h) ;i3 Fik 2k
Y5> AR REL C (25 X IR) (LPS 4 C(LPS %
& 12 h)  BHPEXT R (5% % Lentivirus ( ZsGreen-
Puro)/CMV-NC 12 h J5 Bl A LPS 4bFH 12 h) |
IR (¥4 YL Lentivirus ( ZsGreen-Puro ) /CMV-
Chrm3 12 h J5 AN A LPS FL[EEH 12 h), WT
AU /N BRI W 240 A D0 20 SRy ok BRZH (25 R
HEY A0 LPS 41 (LPS 4bFH 12 h)
1.3.3  LPS ZbFRAS S 20 i 58 RE AR TR

F BB AT 4 80% 241 JifD %3 FE S A, 1%
TR MGEE JG A LPS i L2 0 1 pg/mL,
I 12 h 5 RO 2258 5,
1.3.4 456155 4-damp AbFR B4 A9

VI A T 1 I 2 e b 3R % B R T
T =LA, A5 4-damp ZHHITA S nmol/L
B 4-damp , ¥ HF 1 h J5IIA LPS £ 1 pg/mL Jf3t
AFE 12 h WEEREAE .
1.3.5 T4 RNA #434

TE EVEANM Y si-NC 2R si-Chrm3 2153 51%%
% 50 nmol/L ) siRNA E5W), 404 12 h i),
B LPS A il 12 h J5, WA A0, 45 1,
si-Chrm3 F4 % %1 & GGATCTATAAGGAAACTGA ,
1E 1] K. 5’ -GGAUCUAUAAGGAAACUGA ( dT)
(dT)-3"; = [f] . 5’ -UCAGUUUCCUUAUAG
AUCC(dT) (dT)-3’
1.3.6 12JERERIA

B¢ 4 I B ey (%) L s I T 200 L R 40 o
e B(MOL = 5) 78 FAPE X BR4H (%5 4% Lentivirus
(ZsGreen-Puro ) /CMV-NC ) Fil 5o 3% 3K 4 (5% 4
Lentivirus ( ZsGreen-Puro ) /CMV-Chrm3) " il A i&
TR TR T YL FE YL 12 h e, SEAT I, SRS 4k
ZEREIR 12 h, ZJE A LPS BEAT il , 12 h J5 ik

LA, &
1.3.7 SERFSE)EE & PCR(RT-PCR)

RT-PCR %} Chrm3 . B-actin IL-1B IL-6, TNF-
o ) mRNA FikAKF#HITR I, R H TRIzol i
R firr LW AR B, G805 — S TR B 43 B 5L RNA JF:
N e B, 22 i e B 7 s R0 5 B cDNA L 2R
Je L cDNA SyREAGE i3 SYBR #4552 W AR £ 9F3F
ATy 3G RN 25 s SEAT I A it 22 o p, SR Y
WAk SEvE B B-actin YEMINS: )5 R 2784 1%
BRI TAI Rk T (R 1) .
1.3.8 CCK-8 Kl 4 s7ih R

7E 96 fLAR h R AL (6x10°/4L) , B2 1% 3
APATR AL, H RS TR R (37 °C,5% CO,) Tt
A7 AL 3 (AP, TP RNA K18 5 2o %
ik) AE LPS KA 40P A 1 pg/mL 1 LPS Ml
12 h, ZJEmEFLIMA 10 wL CCK-8 7], 7&
PR R MRS TR AR PRI E 3 b, Bl G
PRI E 450 nm AEWOGEE (OD MH) |, i B AR
2 TR AT R
1.3.9 Western blot Kl #H ¢ 8 H 1) #3815 50

FHE 1% 8 11 T30 1) 700 B i 18 1 00+ 590 19
RIPA 4 fift 5% R AF vK I 24 i 40 Bl 20 min, FH
BCA v B i iR ke I 2 vk B, ey
10 g FOZR FIRE IR A T e 7 182 0 2R TR s 1k
JHe RIS L K ( SDS-PAGE) |, 8K & 2 T #5585 85
R B W 2 (PVDR) B |-, HICEADR
BB AE 37 °C £ PVDF X 15 min, 1XTBST
WEUE 3 i J5 ¥ — PU B-actin (1 : 2000 ~ 1 :
10 000) .Chrm3(1 : 500~1 : 2000) .ERK ,p-ERK
(1:750)%5 PVDF f&— &7 4 CHAMATHEL
&, IxXTBST & ¥k 3 i, B K 10 min; HRP Fric e
PEZH(1 : 2000~1: 10 000) T 37 CHEH 1.5~

®1 5T
Table 1 Primer sequences

HEH EEG9(57-3") Bl 519 (s -3")

Gene Forward primer(5° -3 ) Reverse primer (5°-3")
Chrm3 CCTCGCCTTTGTTTCCCAAC TTGAGGAGAAATTCCCAGAGGT
B-actin GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT

IL-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
IL-1B GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
TNF-a CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG
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2 h, IXTBST ¥ ¥t 3 6 J5 i il ECL WM w240
M8, LA B-actin fE NS 8, FI A Image lab 6.0
TR AT THE I AR R AR X SRR
1.4 HitEFE

SRR T B e bR 22 (aes) /ow, IFR
JH GraphPad Prism 8. 4.2 #4748 1127 3 4,
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Figure 2 Inflammatory response of peritoneal macrophages to LPS stimulation in WT mice and Lbp™™ mice
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Note. A, Changes in Chrm3 protein in WT mice. B, Changes in Chrm3 protein after inhibitor treatment in Lbp~~ mice. C, Changes in

Chrm3 protein after siRNA treatment in Lbp~~ mice. D, Changes in Chrm3 protein after overexpression treatment in Lbp~~ mice. Compared

with Control group A, P<0.001. Compared with Inhibitor group, * P<0. 05. Compared with Control group B, *** P<0. 001. Compared with

si-Chrm3 group,* P<0. 01. Compared with Control group C,™™™P<0.001. Compared with Overexpression group,“““P<0. 001.

Figure 3 Changes in Chrm3 expression under LPS stimulation
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after Chrm3 overexpression. Compared with Tnhibitor group,* P <0.05. Compared with si-Chrm3 group, *P <0.05. Compared with
Overexpression group, “P<0. 05.

Figure 4 Effect of inhibition of Chrm3 expression and overexpression of Chrm3 on peritoneal macrophages viability in Lbp™~ mice
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Note. A, Changes in inflammatory factors after Chrm3 inhibition. B, Changes in inflammatory factors after Chrm3 knockdown.
Compared with Inhibitor group, “* P<0. 001, *** P<0. 0001. Compared with si-Chrm3 group,**P<0. 001 ,** P<0. 0001.
Figure 5 Inhibition of Chrm3 expression on IL-18, IL-6 and TNF-a in peritoneal macrophages of Lbp™~ mice
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Figure 6 Overexpress of Chrm3 expression on IL-1B, IL-6 and TNF-a in peritoneal macrophages of Lbp™ ™ mice
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Note. A, Changes in p-ERK protein after Chrm3 inhibition. B, Changes in p-ERK protein after Chrm3 knockdown. C, Changes in p-ERK
protein after Chrm3 overexpression. Compared with the Control group,” P<0. 001. Compared with Inhibitor group, ™ P<0. 01. Compared with
Control group B,*4* P<0.001. Compared with si-Chrm3 group,™P<0. 01. Compared with Control group C,™™®P<0.001. Compared with
Overexpression group, ““P<0. 01.

Figure 7 Effect of inhibiting and overexpressing the expression of Chrm3 protein on the expression of p-ERK protein
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[ Abstract])
pathology in rats entering a low-pressure and low-oxygen (LPLO) environment simulating moving from the plains to a

plateau. Methods

Objective To explore time-related changes in renal function, renal injury biomarkers, and renal
Thirty male Sprague-Dawley rats were divided randomly into five groups (n=6 rats per group).
Rats in the Control group were placed outside the chamber under normal pressure and oxygen conditions. Rats in the
experimental groups were placed in an LPLO chamber to simulate a plateau environment at 5000 m above sea level,
and were maintained in the chamber for 3, 7, 14, and 28 days, respectively. Serum levels of creatinine (CRE),
cystatin C (CysC) , neutrophil gelatinase-associated lipocalin ( NGAL) , kidney injury molecule-1 ( KIM-1), and
interleukin-18 ( IL-18) were measured as biomarkers of renal injury. Pathological changes in the kidney were
observed by hematoxylin and eosin and periodic acid-Schiff staining, with quantitative assessment of the following
parameters: average glomerular diameter, peritubular capillary (PTC) density per tubule, tubular injury score, and
NGAL, KIM-1, CysC, and CRE were significantly increased in the
experimental compared with the Control group (all P<0.05). The average glomerulus diameter was significantly

reduced in the LPLO 3 d group and significantly increased in the LPLO 14 d group (both P<0.05). The peritubular

outer medulla (OM) congestion score. Results

capillary (PTC) /tubule ratio was significantly decreased. The renal tubular injury and OM congestion scores were
significantly increased ( both P < 0.05). Regression analysis showed that PTC/tubule was linearly negatively
correlated with the LPLO duration, while CRE, CysC, and pathological indicators ( mean glomerular diameter, OM
congestion score, renal tubular injury score) were curvilinearly correlated with the duration of LPLO (all P<0.05).
Variables with a curvilinear correlation were analyzed using restricted cubic splines( RCS). Each curve exhibited an
inverted-L shape, with inflection points on day 7, indicating that the rate of increase of all indicators was highest
within the first 7 days of LPLO, and the rate of increase then slowed from 7 days to 28 days. Conclusions A
simulated move from a plains to a plateau environment was associated with significant structural and functional renal
damage, but the kidneys then showed a self-adaptive adjustment process towards the plateau environment.

[ Keywords] high-altitude hypoxia; kidney injury; renal injury markers; renal pathological changes

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

A 1.4 AL NAETE RGO T 2400 m (1)
e JEHB X R H T N SR X AT S F
e VAR T B DX, T R L X AR e R v O
T A e SR AR, e A R g 7K e 0 i
IR i A 7 R ) A R A D R E S R
A, TR AR X ELAG IR R T AR 3R
Bk BRI B 2 AT
PR N, TR P g X 08 P B R ( chronic
kidney disease ,CKD) H% N 18. 3% ~30. 4%,
B T E CKD B 10. 8% MR ; 54k
AT R BRI A R RS RNk
1€ K ( glomerular filtration rate, GFR ) 7£ %5 1] 4
TR BRI AR SR IR B X 4 4 RN D L
KBt e B — g pse T s kB, 7E
R EAR A BEIEIR 5000 m BFREE KR I 2
MR PR AR R (R, B H AT, KRR
AL B0 AT 5 0k i AN e d L - =
i 25 P AP AR AR 2 sF ) A B 5 2 A AR S A 5
BRA: BRSSP AE B PR AR IR 5 A T A

PO SR R ARG AR A5 T B 40 9 11 R OB AR 3 it
SR ZRAVR R ARR A0 2 Bsf B A 56 1) R B I ¥ 2 % '
95 B 48 A 10 A8 A, R O TR R AR H0L TR 4R
5000 m FAEC ARG 480 B0 58 I 6 15 ) fig S 2 2R 45 4%
HpAT N

1 #MHITTE

1.1 ZLIEZh¥

SPF 2 8 JH| % I 1 Sprague-Dawley K F& 30
HRBTRE 260~ 280 g, W4 T~k 5% 4 38 F1] 4 52 5 5l
Y ARA RS 7] [ SCXK ( 52)2021-0011 ], 3
T g F b 5t i 20 35 Be B I IR 52 56 3 9 b o
[SYXK( 5%)2022-0049 1 , i@ W P4 57 1 J5 2517
S, Wi A PR ROK R S IR O (22«
2)C 1B N 50% ~60% , 4E+F 12 h JEIEFI 12 h
BRER ER . AR & AR ER R A
B b 20 4 B B S 56 B 40 B 2 D it v
[ sjtkkll-1x-2023 (011) ], S 5 oo A% v ™ 4% 3 5 3
Yy Szmy 3R JEN)
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L2 FERFESNE

I NGAL & i 50 & (ab119602, it %5 .
GR3362911-1); Il ¥ KIM-1 #& 3 i % &
(ab119597 5 : GR3413976-2) ; IfiL 3% CysC 5]
A & (ab201281, #t 5. GR3416876-2) ; Il ¥
CRE #1132 7] 2 ( ab65340, #t 5 GR3405925-2) ;
g IL-18 A i 3K fl & (ab213909, #it .
GR3388522-1) ¥l H % [E Abcom,,

TREARSEAE ( DSF- 11 2h 4 52 56 51 FE AR ) 1 F
MDA Al A A BRI A AR BURKCE
BX43 i HEU] 5 4% H 3DHISTECH-D12; 4
LR oIl N AN S R AR S TR S BT R SN S 3/NEI P
SPOCCEETTHIE A 2k FESE UV-2600,
1.3 ZWHE
1.3.1 S miy d A 4

XTHRZL (6 H) . THEAMH o 8 0 B8 A 1%
28 d; LA (24 H) i AMRRARERE , BELLE L
3000 m FREETHOE R 2 d, bR E R AR S50
DL 2 m/s S EE G181 A3k 23R 5000 m 7K
(RS 50 kPa, WKL 10%) , #4550 2H i — 20
BEMLY-23 R 4 20, 53 i FER AR 5000 m A5
W3d.7d.14d K28 d7 B AR TIE KA
Je BB SR
1.3.2 FEARMEE

IR BRI S R PR ARG RS, B %
BRI B, OB 2~3 mL, % E 1 h )5,
7E 4 CH4E T LA 3000 /min &0 20 min, B2
MLVEE T -80 CvKAH#AFll, % —4: I CRE,
CysC NGAL KIM-1.IL-18,
1.3.3  'BHLURHER A SO

R B PR IR B B A 8L s )
R IS J5 AT IR R AT (HE ) Y28 Masson %t
o, AT N L U P AR T, E AL
Jo M B ST A PR BEHLIE B 10 A4~ B A5 55 AL EF (200
) %P BN 05 1T 25 24 AR A AT 40 B, B /N
B PE AR IR B /N8 1T 28 AR X4 15 1 ™
EAREIAT.0 4, T B ] WL 51 4, A
PHE ST 8 <10% 32 43, 10% <SS LB 5 3
<25%;3 41 ,25% < B MEF L 558 <50% ;4 47,
50% < BB E SR H <75% 55 43, AR
BRE>T5%, B/NEB RS /NG S Rk
7B NE AN ZE 4 B NS R

Boty O B B R T I AR B P4 AE HE B2
@] 9 BN BT (outer medulla, OM ) [X 35, X
FLLT A0 M S T ) BERE  PEAR S 0~5 43, ST
SRS IRER DX S A 2T 20 L SE IR B, 0 43 38R
P IS I R AT (0% 31l ) |5 4337 Fir A3 1l UL
M FEIML(100%5TEML) , 73%%:0=0% .1=20% 2=
40% 3=60% 4=80% .5=100%""", "B /NG JH [l
E40 1L 45 ( peritubular capillary, PTC) % & 143 .
BRI FBEIE 10 /> 120 000 pum?® X3, 8% X
BN PTC 50/ '8 /NE S (PTC/tubule ) HL{E
B /INBR /NI 2 AR B 76 0 B A i FH /N
B A I vk« A w0 s B AR
(ZEN 3.3) I <2 5 34 A8 R v i) o O 1) I /DN 3K
(A IR R (B0) PR B B /Nak (35 A B /N ER) )
BB FE FA IR B R SRR K B AR, KT
B, B RRREDIR & 10 AN /NER, 24 Lt
B NERK/NES: . UL LT TE R %,
1.4 ZitFEHE

R HI SPSS 22. 0 # 4 R i 7 (version 4.2.2,
R Foundation for Statistical Computing, Vienna,
Austria ), A K MSTATA % 4 ( https ://www.
mstata. com/ ) FEATHIT2E 5017, IEAS A T2
TR LY B AR 22 (wxs ) T, ZHLIA] HLECR
FHEAR 2 7 2250 W7 5 AE IE A 40 A B 18 Bk LA
(I8 (25% 75% A 5380 o, Z2 A 1] LR H
Kruskal-Wallis H R 55, DAL &7 B 858 A= 1 B
[ B2 (K% A B 22 i, AR B P 7KF (CRE
CysC) B 51 1)1 45 b5 (NGAL [ KIM-1,IL-8) K ¥ Ji
AR BR (B /NERF- 2 B AR PTC/tubule | ' Hf T 58
MPFr B INE LT ) Sy PR A B g At [l U A
B EE<0. 05 PUNBBRIRERS U5, LA R SFJ5VF
MR G ROR . R LD A Gt A aEL
PERIEARIRL ff ] RCS 2007, DA ARt {7 2 e v
( Akaike information criterion ) B AR {H AE A 11 e 4
R $E, LLES 10,50 A1 90 @ 43 o7 /E 1
(knots ) ,P<0. 05 B2 H A2 5 R AR 1 2 W) A7 7E i
SR P-Nonliner<0. 05 #2878 H 72X i 5 N 248 7
ZIEAFTE R F AR OC R . DL RCS MiZepbiers
Pt R 18] A5 A 9 393 53 (inflection point ) , HI 5+
R TR A N SR R AR i R
IR, P<0.05 =R HAGIHE X,
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2 #R

2.1 HAEEIHEE,
b3
2.1.1 'BUREE bR
5%F BB M4, 1L 7E CRE 7F LPLO 14 K4H i
FTh i, LPLO 28 K415 (P<0.05) ; 1ML CysC
16 LPLO 3 R E T+, LPLO 7 R4k
LPLO 28 ReH% 7 R B E FFHE (¥ P<0.05),
JRER
2.1.2 'Hfifatetr
5%k BRZH L AL, I3 NGAL 7F LPLO 14 K4
W E T, MY KIM-1 78 LPLO 3 K41 W% T+

B ek S HARESF

(34 P<0.05) . I35 1L-18 441 [\ TG i 2 2%
L 1,
2.1.3 HnE

5 IR LR, A5 A S B 4 B o R K AR Y
T EEES, WK 1,

Xt B4 oA, 4 5252 PTC/tubule FU{H 5
TRERa S Hodh LPLO 14 K4 % 28 K41 PTC/
tubule [ {H 5L 3E FEAK (P<0.05) ,OM F¢ IfiL ¥4
B /NER AT 2 L Hod LPLO 14,28
K OM FEIM IS i3 TH &, LPLO 3.7 .14 28 K
/NG T4 W E T (P<0.001) . L
1,

X HEZH B ZINBR B /N R TRD BT A5 A E

‘HE:A:XJ—I%E%;B:E”%{(E;C:EN% NGAL 7J<$;D:Iﬂl?% KIM-1 7J(SF,EJ]I[{% 1L-18 7J(E|Z;F:Iﬂl?% CysC 7J<¥;G:JI[L‘J% CRE 7J(EF;H:”%/J\

ROV AR 1 PTC/tubule FUAH ;T B BEBTFE M43 K. B /NVE

By SXTRAM L, * P<0.05,

* P<0.01, ™ P<0.001;5 LPLO 3

KU, P<0.05,"P<0.01," P<0.001 ;5 LPLO 7 KA, “ P<0.05,%% P<0.01,%%% P<0.001;5 LPLO 14 KZHL,* P<0.05,

B1 SAKRREGE

VBRI RS L B S FE AR HUR

Note. A, Weight of right kidney. B, Length of right kidney. C, Serum NGAL. D, Serum KIM-1. E, Serum IL-18. F, Serum CysC. G, Serum

CRE. H, Average diameter of glomeruli. I, Ratio of PTC/tubule. J, OM congestion score. K, Renal tubular injury score. Compared with

Control group, " P<0.05, ™ P<0.01, ™

P<0.001. Compared with LPLO 3 d group,*P<0. 05, P<0. 01,*P<0. 001. Compared with LPLO 7 d

group, “ P<0.05,%* P<0.01,%** P<0. 001. Compared with LPLO 14 d group,* P<0. 05.

Figure 1 Comparison of renal function, renal injury indicators, and renal pathological scoring indicators among

different groups of rats
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B I O, B A R GO T, BEE S
] B AE K, S0 41 B /N ER ELAR A 4 /N -3 K -4
INT B AR AL EE e LPLO 3 KR4 R 44 H b B IR,
LPLO 14 Rk & E, LPLO 28 R4 14 KA
BFL/N(P<0.05, 18 1) ; #853 B /N ek BB 40
I A RE TN B 4 055 RERE AL, B /NS A
PerE Pk BN LR AniE ik S 46 SO
VTR BN L R A T DS YRR AR A
JINGEAE TS PN AT DL 1 G A R 5 Y INAS ] LR A L
RPN R RERE R AR A OB Y5k 5 B A B
S H B A S I, 21400 SRS 5 B IR R I L 4
MR s, WL 2,
2.2 REREFERESSH6E. ERGIERE
BHAREIESHXER

0] 94341 435 3R S 7%, PTC/ tubule 515 1545 4

I IH] L 28 P 171 405G, CRE |, CysC Az B 20 4955 3k
A5 (B /NBREE EAR OM FE IS B B /N 3405
P43 5 AR SR 22 B R] 4 il 26 A O (1 P<
0.05) ; Il 7§ NGAL KIM-1 }% IL-18 /K- 5% B A%
AFEITEE, Wk 2,K 3,
2.3 #HXT= RCS 7

WA 4 Fr7s, CRE , CysC 7K ¥ 2 B 6 R 48 A5
(' /NERTFH EAR OM T8 M5 B B/ INE 5 43 1
a5) AR AL SR e Bl s R g i A AR X R
A TR s Bt 2 A1 R AP SRR i) 22 | JHWE AR AU 12
Wt 22 RCS KA e s B IR 5 CRE
CysC B /RS2 B A . OM FE I3 B B /N 4
DV O #5281 LB §3 S 3 7E 5
TR, PRSI AR AE L RARE 7 d N3G R R i
K, 7~28 d Bl m i R SE

T A REUE B BUR L, 2L @7 S bRl o 52 i R 4T 48 B 25 2 BUE B B 2L 5 C - 23620 R BV B s 2
B2 M RS R R R AR Al

Note. A, Pathology of renal cortex in each group of rats, the red arrows indicate blue collagen fibers. B, Pathology of renal medulla in each

group of rats. C, Pathology of renal injury in experimental group rats.

Figure 2 Simulating high-altitude environment and pathological changes in rat kidneys
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R 2 RARAAR )5 W HRE B 0iTR br L2 B SO0 BT 20 OC 2 69 [ 9 234
Table 2 Regression analysis of the relationship between the duration of low-pressure hypoxia and renal function, renal injury
indicators, and renal histopathological scores

PUE S FR R 2 R
Observation target Model type R F P Constant Bl/p2/p3
— v it 2B
CRE/(pg/mL) #(AHEE & 0.322 5.950 0. 008 1. 040 0. 123/-0. 003
Quadratic curve
CysC/ (pg/mL) — U 0.238 3.904 0.033 1.327 0.075/-0. 003
Quadratic curve ’ ’ ’ ’ ’ :
/G - -
NGAL/ ( pg/mL) Quadratic curve 0. 161 2.495 0. 102
/N IER _ _
KIM-1/( pg/mL) Quadratic curve 0. 042 0.570 0.572
TR - -
IL-18/ ( pg/mL) Quadratic curve 0.017 0. 206 0. 815
T Wi i i
Weight of right kidney Quadratic curve 0.031 0.431 0. 654
HEKE/cm Wt _ -
Length of right kidney Quadratic curve 0. 081 1191 0.319
! SRS A /é — v 23
%/J\}j.éq:ﬂ:’jﬁf /pm . *U\FFH k 0.298 24. 876 <0. 001 109. 074 -2.902/0. 454/-0. 012
Average diameter of glomeruli Cubic curve
PTC/tubule %%H: 0.122 3. 861 0. 050 1.778 -0.010
iner
NSt e o 2 1 3577/ — Ve 4
%mﬁ?ﬂml¥ﬁ é{A‘H-H & 0. 848 75. 450 <0. 001 0.414 0.299/-0. 008
OM congestion score Quadratic curve
HS ) [NAL B A 3577/ — e thse
KBSy — W2 0.707  213.811  <0.00I 1042 0. 348/-0. 009

Renal tubular injury score

Quadratic curve

T A R JRUERE {5 B I ) 5 L0 CRE ; B o AP0 g JEL BRI 457 B I V) 55 L3 CysC 5 C o BE40 ooy SR PR S55 45 B I 1] 45 W /N IR 2 AR D
O JECER S5 45 R N 18] 45 PTC/ wubule ; E < A8 5 JFUPR 35 £52 B ) 18] 45 15 166 5 5 AL DP9 5 - AU oo R 4 B8 I 1) 5 /NS BB 037 20
3 B JEUERE 5 B I ] 5 K B D BE S B 23 B AR SR 2 A
Note. A, CRE levels with duration of stay in high-altitude environments. B, CysC levels with duration of stay in high-altitude environments.
C, Glomerular diameter with duration of stay in high-altitude environments. D, PTC/tubule with duration of stay in high-altitude environments.
E, OM congestion score with duration of stay in high-altitude environments. F, Renal tubular injury score with duration of stay in high-altitude
environments.
Figure 3 Correlation analysis between simulated high-altitude environment residence time and rat kidney function and

pathological score
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T A AP JRUPR S5 452 B N (8] 5 M3 CRE 5 B B0 RUPR IS5 B I 8] 45 0L 15 CysC5 C o BREADL 3 JRUPR IS 45 B F fia) 55 1 /N BRF
Y EAR D AR e SRR 45 B F (7] 5 R S LT 40 o AN 85 DR A3 4 B e ) 5 B /N 0037 4

4 AL SRR 5 B I ) 5 R B e

W B BR AR A B BRI S R 2 e

Note. A, CRE levels with duration of stay in high-altitude environments. B, CysC levels with duration of stay in high-altitude

environments. C, Glomerular diameter with duration of stay in high-altitude environments. D, OM congestion score with duration of

stay in high-altitude environments. E, Renal tubular injury score with duration of stay in high-altitude environments.

Figure 4 Restricted cubic spline analysis of the relationship between simulated high-altitude environment residence

time and changes in renal function and renal pathological indicators in rats

3 itie

AHIF G 8 FH ARG ARG S AR AR 40 S DR A 5
JRIREE , 8 57 AR AR IR 8 T R BV i A B A
IO FH L A8 AR 285 A B BE PR 43, 34T & B0 K R
FESEA = AR AR A A 5 B B bs ie o
B/NERE Y B RS A AR, B /NE 0
L, PTC W, ZMbE 5 78 1ML,

R IR B ) R SRR AR B E R
i T, AR R AR R T, ' 3 o ) PR AN 2 5 2T
A RS A AL &= R D ey G ) R
B ETE R B#  GFR M4k, PICHLER %5 & 8t %
1l 75 3 AW IR 4500 m S5 B GFR T B,
BESTLE %' % BB AT 3 PEAE IR 4500 m ZE 7%
3 d J5 GFR FFis tH 0 i 2 TR, ¥ sE ik S8 s
INERIABUS GFR B B v T AN B O S IR AR OET
A SEEG 2 B /NP HARTE LPLO 3 R4
B, 3 AR E AR AR A R 85 R R B, I
BRI D B NERIR R G N, (B, TRAT R
H LPLO 7 K41, B /NRF- 34 A2 JF R 18 K,
LPLO 14 KR#H ik m{H, 1M LPLO 28 KK 14 K

YL A/ NIFHET X BRALKOT /N BRI R 128
LA RLB R H PR B U, /N BR S Bk
L /1 B AR A, 55 I R 5 8 30 i
IR, B /NERAE A 5 IR B 5 BAT 138 L 1
AEJT. WANG S5 STt J i ST i) 1% S
RS R A /NERAE K, B /NER LRI R
LT AR 11 /KPS 50 AR 5 1T -5 i LT AP 66,
RTINS 1 LT 40 M 1 2 o St 7
F TR A8 /ISR A ) S DR 5 O
JEREAS IR, oV B A5 IR Y 1 7, RS
VE 3 BRI U7 Ak, e B A 7
B AT HE— L DT R R AR IR AR R BT R
E/INER LA P BLAR

/N 2 3l TR R A PR A FE R, T T
S BN 80% Y L IR T, A
KA G AL UL, SO b 75
AR RER b Y 2o A5 R U, (R T
BT SR ALSURERE , I 4
BEAh, B /INEF R GERY I BORIE T PTC,PTC BLAT L
TRERE I 225 Z RS R L, /N
RO BARON U, PTC R EANMA i
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H B/ INER BRI S Ik, Hh o2 /N T R 4
BN 41 (renal peritubular capillary endothelial
cells, RPECs ) FI & JE A4 5, PTC IfiL 37 8 20 K ik 48,
5 A RPECs #5347 2 PTC #8140, i i PTC
B , A0 2B /N SR, S BUR NVE 2 83
KBz ARWFEE SR 4] PTC/ tubule
ELAI B0 f 25 R B, B R IR AR S B 8 T 53
PTC #iifi, Ifl# NGAL 1 KIM-1 J& B /N H 4
BAGARICY Y BT R LTS NGAL & KIM-1
SN = I = W T G M I VT A S
MELLOR %5 & ¥, 52183 th i 71 - T 2= ik
1085 m J&i, MLiE NGAL B St BT = a3, 78 = IR
TEALIRATIS , LTS NGAL B3 7he . ARWF5E Mk
BB /N I B, 4 A BE AR O,
PR IE A AR A R BE IS 1T B i 1 B i PTC
O NEZ B

B B /INER I /N 1) 5 BRAR AR A1, AR AF 5T 2E
— R, SR A B AMEE T B S TR, OM 7T
MPEA>FHiE . OM FE Iz 2T 20 7 1M 5 G % e
(red blood cell trapping) "' Bl ifi P4 AKT HH IL
OM 75 I, 555 75 B J5 1) 21 200 J B P o 4 b e A
B NG BT, 7R AR BN SR, 2
Beam ik AKT g EBEERREZ—"

A e A BB e Z 1, L 7E CRE I
CysC [THE 7T FH T2 W AKI™ | CysC 2 46 1 53
A JLBREEAR DG AKT BU H AT SEbRicd ™ If B
AL TR S ER AKIPY ) SEE 4 CRE M
CysC FH R/ 7RI AR E A5 T il 80 Tk
ZP,

it — 25 W AR A U PR 8 45 B8 e ) 5
PG5 2, ASBIE 5 0 FH AH 56 1% 43 B %2 B, PTC/
tubule 515 H A 480 M6 157 B4 ek ] S 28 o 7 AH G,
AV R AR Bk = Uk 2R A G, $E R AR Bl A
ISR IR 15 B8 I 1) %) S 4K B 46 495 1) 725 A 3
PR PR SRS L B, RCS 4B & B il
ZRAH DC I & T A5 AR L RCS it 2 45 5 2 9 e 7
d,7 d ZJa MELRRE 7 d Z A1 FRE, 328 P 5
HEARRIASE 7 d W, B Z R R, 7 d 552
oL B 5% , DR L, I AL A4 X6 R ARG R AIG S0 24
358 I B0 B 0405 A A A AR R Y AL R DL 32 i i
O o BRI

25 LA AR ST R A TR O R A

JEAR ARG 400 55 I ' 20 8 S 2H U 3L s ek (1] 7
eS|k Btk AR AR SR8 5 5 D hE
SEAR, B LR 1 g 45 B A (] 2% 0
P X e AR SR PR B A7 A O I SR R e A, A
HIF9E D s J B A ML B A 4R 43 T i B
SR R, SR T A M XA R R X
(Y AR I AL S5 AL D BE AP FEAZ 1

SE .
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Technical factors influencing non-surgical embryo transfer in mice

LIU Xiaojing, LIU Xiaoxin, ZHANG Tiancun, TIAN Yonglu, LI Xiaying”, WEI Yusheng
(Laboratory Animal Research Center, School of Life Science, Peking University, Beijing 100871, China)

[ Abstract]  Objective We aimed to investigate the effects of different non-surgical embryo transfer devices,
number of transferred embryos, embryo stage, and embryos obtained from different mouse strains on the efficiency of
non-surgical embryo transfer in mice, and to compare the efficiencies of surgical and non-surgical embryo transfer, in
order to establish a stable non-surgical embryo transfer technology system. Methods Mouse embryo transfer was

carried out using non-surgical method . Results The pregnancy rates using two different non-surgical transfer devices

were (75.00+0.00)% and (66.67+14.43)% ,and the birth rates were (46. 11£6.31)% and (18.89+0.96) %,
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respectively. Transfer of 10, 15, and 20 embryos resulted in pregnancy rates of (66.67+11.55)%, (80.00=
0.00) %, and (66.67+23.09)%, and birth rates of (29.33+4.16)%, (38.67+4.81)%, and (17.00+3.46) %,
respectively. When blastocysts and morulae were transferred non-surgically, the resulting pregnancy rates were
(80.00+£0.00)% and (46.67+11.55)% and the birth rates were (38.67+4.81)% and (10.22+2.77) %,
respectively. Four strains (C57BL/6J, ICR, genetically modified mice A, genetically modified mice B) were used as
donors for non-surgical embryo transfer, with resulting pregnancy rates of (66.67+11.55)%, (80.00+0.00)%,
(73.33+11.55)%, and (80.00+0.00)%, and birth rates of (26.67+2.67)%, (38.67+4.81)%, (32.00%
3.53)%, and (29.34+2.31)%, respectively. Fifteen pseudo-pregnant mice were transplanted surgically and 15
were transplanted non-surgically, with pregnancy rates of (80.00+0.00)% and (86.67+11.55)%, and birth rates
of (38.67+4.81)% and (36.00+5.82) %, respectively. Conclusions Transfer device A resulted in a higher birth

rate in this study. The embryo transfer efficiency was higher when 15 embryos were transferred into unilateral uterine

horns of pseudo-pregnant 2. 5-day recipients. Blastocyst-stage embryo transfer was more efficient than morula-stage

transfer.
procedures.

[ Keywords)

There was no significant difference in efficiency between surgical and non-surgical embryo transfer

mice; non-surgical transfer; embryo transfer
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A B A;B. BAHAS B,
E1 PIFRES
Note. A, Transfer device A. B, Transfer device B.

Figure 1 Two types of embryo transfer devices

E3 W NEIE> 25K diDEE 2iER 467

Table 1 Transplant data of different transplants devices

RER/n BWEF/n R/ % FHH+ BAHRI S/, AR/

- S /0 2 AA +ARUEIE
$§$E%§ Surrogate  Pregnant  Pregnancy brifE2E Number of ~ Number of EIE{?K/ % PR
Devices . ’ B . K Fertility rate xX*s

mice mice rate xXts transfer blastocysts  births
4 3 75.00 60 26 43.33
¥ A
Bt . 4 3 75.00  (75.00+0.00) % 60 25 41. 67 (46.11+6.31)%
Transfer device A
4 3 75.00 60 32 53.33
4 2 50. 00 60 12 20.00"
ol B 4 3 75.00 (66.67+14.43) % 60 11 18.33"  (18.89+0.96) %
Transfer device B
4 3 75.00 60 11 18.33"

TSR A UM, © P<0.05,
Note. Compared with transfer device A group, * P<0. 05.

T SRHER A AL, © P<0.05,
B2 ARSI
Note. Compared with transfer device A group, * P<0. 05.

Figure 2 Comparison of embryo transfer efficiency of different devices

SRR 2 B R R FOR I To 2 5 10 BOFn ABIIE I AR i — 20 X SRR AN R B IR AL AR A
15 AR AEATARIGE 5, 15 AR 20 AR 2R A7 R 22 REEAT AL, SER A & A #EATHE T RS

S (P<0.01, 18 3) A R RN 15 BURG, 452 Rank 3 fr
2.3 A EIRERRFHEAXS B E R ER AN N BRI i TR (P<0.05)

TEF BB AR BRI W B B AR AR R T REN (P<0.001)
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Table 2 Transplant data of different number of embryos

AR A B RO HAF%
Hn RER/n R/ WRE/ % %ﬁj‘{ﬁx JE%/n A %un Fertilty S
Number of  Surrogate ~ Pregnant  Pregnancy bz Total Number ~ Number of -
transfer mice mice rate XS of transfer births rate s
blastocysts blastocysts
5 3 60. 00 50 13 26. 00
10 5 3 60. 00 (66.67+11.55)% 50 14 28. 00 (29.33+4.16) %
5 4 80. 00 50 17 34.00
5 4 80. 00 75 30 40. 00
15 5 4 80. 00 (80. 00+0. 00) % 75 25 33.33 (38.67+4.81)%
5 4 80. 00 75 32 42. 67
5 2 40. 00 100 15 15.00™
20 5 4 80. 00 (66.67+23.09) % 100 15 15.00™ (17.00+3. 46) %
5 4 80. 00 100 21 21.00™

TSR 15 ML, T P<0. 01,
Note. Compared with the group of 15 embryos transplanted, ™ P<0. 01.

T 5FAE 15 #eiAL, ™ P<0.01,
3 AR ECR AR AL
Note. Compared with the group of 15 embryos transplanted, ™ P<0. 01.

Figure 3 Comparison of embryo transfer efficiency of different number of embryos

x 3 AEEMHEHG RS

Table 3 Transfer data at different embryonic stages

JERRRHY R/ WRE/n BER/% FEIE - BABEME/n  thAEB/n AR/ % SFE{E -
Embryonic  Surrogate  Pregnant  Pregnancy bz Number of transfer Number Fertility brifE 2=
stages mice mice rate ks blastocysts of births rate X
5 4 80. 00 75 30 40. 00
£
5 4 80. 00 (80.00+0.00) % 75 25 33.33 (38.67+4.81)%
Blastocyst
5 4 80. 00 75 32 42. 67
5 2 40.00" 75 6 8.00™
ZEHM , )
I8 5 2 40.00" (46.67+11.55)% 75 7 9.33™  (10.22+2.77)%
Morula
5 3 60.00 " 75 10 13.33™

T SREARULL, © P<0. 05, ™ P<0. 001,
Note. Compared with the blastocyst group, * P<0. 05, ™™ P<0. 001.
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Table 4 Transfer data of different strains of mouse embryo types

Pt i
JR 7 &R/ WRER/L WR/%  FIH: ¥/ n AR EAFR% py ee
Embryo Surrogate  Pregnant  Pregnancy bR Number of Number Fertility .
type mice mice rate xks transfer of births rate s
blastocysts
5 3 60. 00 75 18 24.00
C57BL/6] 5 3 60.00 (66.67x11.55)% 75 20 26. 67 (26.67+2.67) %
5 4 80. 00 75 22 29.33
5 4 80. 00 75 30 40.00"
ICR 5 4 80.00 (80.00+0.00) % 75 25 33.33"° (38.67+4.81)%
5 4 80. 00 75 32 42.67"
- 5 4 80. 00 75 23 30. 67
B A Z10M A
Genetically modified A 5 3 60.00 (73.33+11.55)% 75 22 29.33 (32.00+3.53)%
5 4 80. 00 75 27 36.00
- 5 4 80. 00 75 20 26. 67
Mz B
Genetically modified B 5 4 80.00 (80.00+0.00) % 75 23 30. 67 (29.34+2.31)%
5 4 80. 00 75 23 30. 67

E: 5 C57BL/6) 4HAHIL, * P<0. 05,
Note. Compared with the C57BL/6] group, " P<0. 05.

.5 C57BL/6] AL, * P<0.05,

4 R BRHROR L

Note. Compared with the C57BL/6] group, " P<0. 05.

Figure 4 Comparison of efficiency at different embryo types
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Table 5 Transfer data of diffrent surgical types

.5 . SIHFENEL %
FAKH AR WRRn WRE% Tl PO, Tl
. N Number of AR/ % N
Surgical ~ Surrogate  Pregnant  Pregnancy brifE 2 Number of o brif 2
X X transfer K Fertility rate
type mice mice rate xS births xS
blastocysts
EFARBM 5 4 80. 00 75 30 40. 00
Non-surgical 5 4 80. 00 (80.00+0. 00) % 75 25 33.33 (38.67+4.81)%
transfer 5 4 80. 00 75 32 42. 67
FARBM 5 4 80. 00 75 22 29.30
Surgical 5 5 100. 00 (86.67+11.55)% 75 30 40. 00 (36.00+5.82) %
transfer 5 4 80. 00 75 29 38.67
o TRROR AN, 7 2014 4F BIN ALL %0 f125
3 Wi
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PR i /DN B R A o R 32 (AR 2 S 0 7
BT R N BRI 00 T 5 B b, LAY
A= RN BRI RUE A /)N BRUFE T AR IR G 3% A 1 3%
AL TR R )z N PR S
I, ARSI 4 450 & C57BL/6J ICR (A JE[H
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B L B 5 PR i BRAE O b4 MR 2 B 3S k #
ICR /M, 455 B8 ICR /N B A A R, A= 47
K (38.67%) FIRZER (80% ) J& 4 A~ R ders
), ABFFEARIE ] ICR 22 B, Ak AR
AR MESE A T E AN, TR E R
B6CBAF1/0laHsd B2 iR, 5 4F B8 s 2 A A%
BRIk 35% DRI/ B 2R ) o R A 4
A ELR S50 RN SE 5 2 B SEBR R L, AN S5k
PR 3 PR /N R A T R A, &5 R R A 3
B BT B 366 A BRZE AR AT R TR 2 2 -
MZEAKR, HACR S 51 CSTBL/6] /N R
FEAT RS R UL AT A e A I A A
WG R B AR R IEHF BN, FHEFAR
WRIR RS HE 7 TR RCR A TR

o RRWINSE Y (P e A TN
5T PR F AR B AR AR th A e B AR A
LA R E L I8 A P 424 B R N R SE R, IR
FARBAEERMEZ T2 1 2] )5 BT AR
55, PN RS R 35 A DL S B8R T i PR 2 S o A
R EZES, EFRBABRIER 0 E 2N
A OF A IG5 HE AR R &, DLk b
1N B 2510 s @M ARBAE AR N IRAR 5~ 10 pl
s, 75 WU AT BE S R IR RS IR @B A A%
HEAFRAEET 2 H R BEIE Y | 2 YR el v 45 5% i AE
ABCR s @R MG TA , b e i/ BRUBR YL ; O R 1
Je /N BT DR TR S i A8CsE A R | PR IE R 3R BR B
L.

HATE IR RS AR N F d5c) 12 Mk 2 F AR R
FiL, (HF AR AR ZB, A T8 42 5 4 A
PR LT AREM, AETFARBA T R K
RRAR T T ARBSAE ISty JIT 5 Sk 190 200 R 5, T B
TFARMAR G WK E LA T 8% e 45 08 16 I K E 11 R
(S BT A O N R R /= 0 1 [T e = S/ N
FEAH i ARA Lo T AR AR F AR A f] .20 X5
55 N B R B AR ZER AL R EHFAR
MAEF AR SCR A AR, AR5 45 Rt @R
BT AR S0 AR TR 5250 AL A AT R AR 2R
TwEES, &L EFARBM LTz A
TN R AR A E S AT
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Research progress on mechanisms of neuropilin-1 in atherosclerosis

ZHANG Xinyi', CAT Hongwen®"
(1. the First Clinical Medical College of Zhejiang Chinese Medical University, Hangzhou 310053, China.
2. Department of Cardiology, Zhejiang Provincial Hospital of Traditional Chinese Medicine, Hangzhou 310006 )

[ Abstract]  Atherosclerosis is the main pathological basis of coronary heart disease, and is thus of great
importance in terms of the prevention and treatment of coronary heart disease. Neuropilin-1 (NRP1) , a member of the
neuropilin receptor family, is closely associated with various growth factors, including vascular endothelial growth
factor ( VEGF) and transforming growth factor-B ( TGF-B). NRPI influences the progression of atherosclerosis
through its crucial roles in angiogenesis and inflammatory responses, and sensing of wall shear stress on the vascular
endothelium. This review thus explores the mechanisms underlying the role of NRP1 in atherosclerosis and the
development of NRP1-targeted therapeutic strategies, to provide new insights into the diagnosis and treatment of
atherosclerosis.
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SEE OV SR 42 BRI PN O L I 3 R 5
PRI 2 — , AR K R gt BT, a3 E A 2
2SR S T A S SR/ N VA = P I O 1 = o
(atherosclerosis, AS) 42 7.0 19 35 B2 95 Bl BL Al
T8 AS S FEXT PG el O B B L, 7E AS
R R TR DA R A T %) 98 RE A S B ) B RE B
55580 A= L A5 5 e AR R RS PR B R R OC TE
ZABHEHA-1( neuropilin-1, NRP1) il 1 ## 4 Ifil.
BN A K F ((vascular endothelial growth
factor, VEGF) . %% 1t 4 K A ¥ B ( transforming
growth factor-B, TGF-B) %5 514 T8 % AS
PERR, fdlD, NRP1 ik 9% B S 5 %60 145 9 B B
TS VI SR R, AR SCHUE NRPT 7E AS 1
FEHLHI AT AR Btk A — 23R

1 NRP1 #fi&

P BE AR5 T 130~ 140 kDa Ay
i 2 TR Uik Ity 55 FE W 2K 11, 40 A NRPL il NRP2,
NRP1 1 NRP2 43 51] fh 7 57 4% g 44 b 8 A [F]
L 10p12 1 234 Gk, HA TR 7 3[R R A
44% ., NRP1 T 1987 4EFEIR I TUE Ry —Fh
PRI AS B BN 010 B Rl & B, HL B S p e
AR #2850 5% 5 1] A - 3 ( Semaphorin3, Sema3 )
F RSS2 A Bl Je B R BRAE S5 2 A AR K H T
FeZREEA 2 NRPI T I A i 7 b g i
o AN R B AR LA 5 — 2R 30 5 5 3 0, PR
N & T ) 2582 . NRP1 4T
130 kDa, HH 923 S S 41 A%, FL B B5E0E =K il
17 NNE Tt FEARZERY 43 N 3 A X8, 43 5]
SR N i Ak e | B 8 A A
B £ o 235 R 3, M R D 2 AL 3R S 4 3 A
B, 53000 2 4> CUB 5493 (al/a2 254 58) .2 4~
BRI T V/VITE5 #3888 ( b1/b2 2549 38 ) A1 MAM
GEMIIR (e SRR 1,

NRP1 1E 0 —Fh Z D REAZ 14, th 2 Fh 40 i 2
RIFIR AL HE R 2250 | P B2 20 MG F- 9 LA R
JULAT N 42 40 i 25 , A P R R o e 2 i 28
A AT AE R R | G I 2 v O T A5 T
LNIORRR 7 IR R s e o B i U
VEGF \TGF-B % ZFh FC (A AR R A S 4 i 1y
HEAES, ITAESKE, NRP1 7B AR W2 ph 2R
FrPERNR B BRI (40 SARS-CoV-2 AfR) iy

WRERAEF 32 B3z 3, Bk W TR B3GR T 4 A
#U15) NRP1 25 0F & th e 2 A0 HEE 0 ik
A NRP1 78O L4 96 45 475 16 22 o0 (5, i ik
PR 0 LB 1 24 40 A% 305 £k 0 200 0 356 5 A it
FEUURL, RO ILEF 4e AL Y 0E SR NRP1 7E AS
ARV 328 P B BEHIE 1 PN iz 40 i % i i
E AR, B S, NRPL 3 o T 0 S
JULZ A A 0 B R 444 5 5 M BEBR A 2 i, R, 3
W TGF-B 5 5 18 i A1 55 U1 N 77 M i, NRP1
BT 4R B2 A0 M R A U8 S SN, M
Xt AS B EIRPYEH . 14, Bkt 5 VEGF
FHEAEFH, PR P9 Bz 240 B 1) 38 B8 A0 I A5 AR A, 3
& AS LA P B2 A& RN A I A TR R Y O B
T, HAETH—LHF5E B8 NRPL AN AS ¥4
7 IR AE T (HET ST NRP1 ARG SRS 75
B R H AR R iy 2Ry gEt

2 NRP1 £ 5 AS BT R

2.1 AS BERFEBBIREE R

AS JE—FE PE R GENE R AT BN , AR I
NGNS E G P2 200 M 7 18 R I R 3R . AS BB
(18 A AT 3 A 30 B T PN B A PR ) R R A 5 B
2 18 5 25 [ (low-density lipoprotein , LDL) #E A Ifil
ERETIF AN ox-LDL, fil & JRy B i RAE S, B
I 21 MU A7 Ik ox-LDL JE G IR 0 AL, Rk £ 4 4 e
B, iE— 25 m Rl REY . FE AR
Semaphorins \ TGF-B i &£ 4 Jfi X h{ Ay 8] 42 8 455
RIEM N E , Semaphorins f&— e W) 7E i 48 &R
g R ISR 51 50, SRl ke TR PR 4
P8 I N RN A GE of B kR B B9 AE .
SemadD F1 Sema7A 77 il 38 12 £ 37F 1L /N AR 3 6 il
AR BB Rl T AS B9 & & A1, Sema3 A fiE
ULZIE NS R R 8 e O I Ba 22| R A =
D RAESNE, T AS (9 & J&", TGF-B J&
TEPR FR G0 — ol F1 2 1 200 L PR, 3 3 9 1 g o
RAE R IR I B - LA N K T RE A%
S5 PR AS R AN FEIMAE NI, TGF-B 15
S P IS T | e~ 18] B Ak 5 20N B T Re
BT, 1M N B2 TGF-B SZ AR 55 7T {412 4 i 26 B 43
T ICAM-1 H1 VCAM-1 Y383 LA K2 1 240 0 32 1 sk
AR v JIEL [T P I A% 47 T SR H g e 1
A RO HET Y AS AR RTEIR " R A
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Ab , TGF-B 5 T BT A 240 i i Ak M LT 4 20 g
AT AT AR RS 28 37 40 A0 I 45 PN Ak, 2 5 1 4
HMIE G RE I S i B A 5 — T T, TGF-B
T T 4000 (regulatory T cells, Tregs ) JE
BCAAERF LI RE 1 AR 711 Tregs 760 L4
SAE PRI 1) D 5 4 CREAE L, Tregs £ 1Y
HEINJE AS BEHISCAE 19— A L RVERAED . BRI,
TGF-B £ AS H HA X # EM , BiG AR T
i 3 T S P AR T ) o SRE B3R
2.2 NRP1EATREFESES

NRP1 i al/a2 Z5H3045 A Sema3 Kk
AL AEERCE AR R, Sema3 A i A HI I Akt
ERK Fll NF-kB 45 48 it AH G %, /0 9 i BE P 3%
ik R R PR AERY . T30 NRP-1 2k 55
Sema3A 135 Xt g 2 W5 T 10 4 E 8 T A0
FtL A1 B BT B Al 09 B 3 VR, 3R B NRP-1 7R
Sema3A KAEHLRAE A HERE RIER" . SR
TEFA B BUAH M NRP1 A9 2% 35 5 0 B IE 20
LAY IS FECIR S % DI AE DG, 24 NRP1 5 Sema3A 4%
A, AT LA E NF-xB M 5T ) 90 RS R
R BOE NF-wB {5538 B, AT 55 5 46 i
$8 5 RN 9% 0 B R A OG G 3 R R Y W I,
NRP1 1) Z [a] 98 35 AL %1 7] B AS [5] 40 ffd 28 2 iy
RIE

NRP1 £ TGF-B B 35 A S Z KA T 1l
PN B A0 B8 5 58 Vg LA Sy 3 B RS, — ik
KUt TGF-B LIAETE YRR A T AW, 2—1
G TGF-B 43 T Al — A~ ¥ ARk A 5C K (latency
associated peptide, LAP ) ZH i 1Y 5% K B9 1 4 K
LAP @i 145 TCF-B1 AL F AR ZS , i TGF-B1
Ga 3% b LR AR, 0 O EL A T B 1 B ) 0 b B
WY, NRP1ZEARANG M TCF-B1 B £ A1 Ty
A, b1 G5kl by R ey 1 A BE 5 LAP
M2 FR IS &, RN SEEUESE T NRP1 fEfE
455 LAP-TGF-B1, ¥1£ 55 11) CD4"CD25" T 4 fifg
CIEVRTPE T 408 S5 40 B PR M T 40 s
PERIZRM , X B R NRP1 7E Tregs A4k AT fE
HEF SR, I B Bl 26 0 A oY SR,
NRP1 Bk gt T CD4™T 40 i fE 3 sh ik b 8
SR 1 46 20 it ] BB 3E A AR AR AR AN PR
IFN-y, TSI AS f k>

NRP1 a] LIE N TGF-B 5 515 S 1 1E 5

TR R FEVEH . B 4%S, NRP1 AE2A TGF-
B B2 AT LI i B 42454 TGF-B B IS Hk
RIE X, B F TCF-B e 1A X H 37 (4 iy &t 3,
WANG 25120 % 50 NRP1 76 JJF 145 57 3 L2
it F 3 A R 4 R AR B AR S A HE D AR B
NRP1 i# 33 {2 # TGF-B/Smad2 15 5 1% 5 3 1 i
PPARy Fl PGCla ¥ 3R 3k, 3 1M 45 il 28 4E S N,
NRP1 il S5FAK TGF- 3 8% 0T Wesion Hy i 2
A, HK, BN A 41 s NRPI i it 45 &
TGF-B ZWRE AW, = Z AKX TGF-B 135 F1 )
BUEIR TGF-B SZ KA E Pk, N fie i TGF-B 52
RIS AL ST 45 5 i %%, 40 NRP1 i
5 TGF-BR2 454 , e ik Smad (55145, 15T N %
] AL fERE TGF-B1 BYE ML F NRP1 Af
LLK: TGF-BR1 F TGF-BR2 i e /e —if , I il —
AR, X R BFEE A B F 2 ik 2 A& R IE
B, IS S8 SRR B —5 T, N
F 2 T I O 0] 5 4 A S, NRP 1 3 i A 41 g
(] 3% 2 v AR LA PN B2 5 %5 85 1 ( VE-cadherin, VE-
cad) ] TGF-B 55 , X PRl il /E A Bh F B 1k
N RZ 4 B R0 A 4G RE 2 B, BOSSEBOEUF
8O3 A AR P A BUER SE B8, R P ML 3 B g 2 A
PIIFIEATAAE SV W, % B NRP1 REFEZ W T
fie i VE-cad 5 p120 catenin 45 G, N 4EFF 5
WA Y 52 B, IR 5 TGF-BR2 T M E &9,
il TGF-B FiffH516%. NRP1 By F S E i &
FERTE B (A A R IR A T A A S A B
FE, DT 386 001 P 2 #8035 2 AR R , 6 BH P 2 NRP 1
RERIEHTRAETINE] AS K AE™ ) FEak IR A ik
Z W B IRE /D B st MRS = NRP1 By B2
ARSI T AR B A AS BEBR ) DT AR IR S
TiX—EP

B2, NRP1 5 TGF-B A HAE FH i 4H i 75 5
TEHPE NG S P e Rrp il E CHEIEM, 75
L5518 LA At DG LA g, NRP1 J& TGF-B8
F G I E R Y R 5 0 AE Y R 4l M NRPL
YEh TGF-B 155 3 ) Gu i 5 IR i &8 VE
DAL B2 200 B ) i e Ak RS- T LA i 26 A AR R Y
e AS B RIEY B, SRS M AR IR BT, BB I
NRP1 J##% TGF-B 1551 2 N i ML B A BT &
SERHE A B TBIIR AS s,
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3 NRPIS5 ASHIRRMESTSE

3.1 ASHROERGENLEHE

M OE R AT AS B, S5 LDL B35 |
AL S BLIR AN L TE B, Y JRy 0 98 i I o 3 5 Bk
TR, it BRE e 110 15 R AN RS S 1k 38 i, Bk
A RERE T — 2 5] & AR T A, B A, i
I A7 A DO 2 B e A S It T B, B AR A
R BRE SR N B 75 4 VARSI, AE 3 B A 1 e
5509 25 2 w24, S BOBE B Al I R R E
o7, 3800 I A5 DA ZE B XU , T LA BRE B ) i A
BRI T B AT ER . VEGE 3 1A
Sk ELA B0 i 4 3 5 1 AR I AT
Ho VEGF-A 2™ S 18 Az 1 32 B0 DT A
FVAYT AS FUEE A NRP1 B VEGF 2 51
BEIBPY | VEGF-A 38 i3 #0% 14 P9 iz A K R
F-5Z4K (vascular endothelial growth factor receptor,
VEGFR) -2, 5| & VEGFR-2 1 [ B W2 1k, 3 1 1
Z PG5 40 F B9 55, 3@ 1 PI3K/Akt/mTOR
55 18 H% 5 N 2 — & 1L A & T (endothelial
nitric oxide synthase, eNOS) RYE AL, oA iR NO
A B AR P B 20 B 5 AN RS, B0 i/ 2R
BE R I, [R) A 5 | A L5 7 5, BAIR AS 19 2 2B XL
W62 BRI, 33X — 3ot -t AT BERE hn g Ak i A Y AR
B, B BT A 18 T N AS BEHR K S B
Kb A e e e BB A AS B e
3.2 NRP1i#7 VEGF 5% &

NRP1 £} VEGF 3t 32 (AR 3 1M 45 A= A5
ST, S 5Pk R DIEE VR T, NRP1 B¢ H %
SR A AE R F I VEGF-A 254, 5% 5 BS & iR
G5z & VEGFR-1 VEGFR-2 45 5T B &,
X RS G4 B T 1438 VEGF-A iS00 155 4 J2
YT FS A1 VEGF {55200 43 F 4 Akt \ ERK1/2
il p38 MAPK #Af I BERR L™ . NRP1 5 VEGF
Ko FLRR P (AR B F 32 25m 0 b1 FT b2 4544
BSEEL, Ho b1 & SCHE; NRPL 5 VEGF 24K %%
ANEST ¢ 4530 PDZ & 528, NRPL 43 F
KT RAMEZEILG S VEGF ZiR 44, i
YE2h VEGF (3L 324K 3458 VEGF SZ AR B0E J5 1Y
FEMES ) 5 NRPIL (AH S MERF ST H AT 322
R F VEGF-A A1 VEGFR-2, f it A SCHRIR

T NRP1 5 VEGF-B VEGFR-1 F1EFRIHLIEI

NRP1 5 VEGF-A %54 n 3458 VEGFR-2 Ji%
JE WG S AL S, KPR A E . M NRP1
5 VEGF-A W46 AT VR ia I 6 0 W 7 38 A
HEWHTIFEFRGUELY Y SR AS ih
SRV SRR NRPL F VEGF-A AYIEYE, LA
PRAE VR g5 B 1 A5 A A TR] s, S 0 15 148 )
162 RN R 1, -7 10045 A A5 B B g D ]
REM ELPK AR, VEGF-B REWSH 11 i#1E Akt {7510
B AR O LA B, Y8/ S5k i P VR 4%, VEGF-B
AR BT LUAE O VGR350, B T3697 0 LR
U s AT =X A0 e it O RS BT BRI R
P, VEGF-B TS C Siks & R i Ik = 90
X NRP1 (%) bl 2538/ 5m a5 Gae 71, BRI
TAHN A VEGF-A X3, 5 VEGF-B/NRP1 {55
T 5T B 4G TR LY . VEGF 32 i 7 41
0BT S i O N o7 N = 11 = T < )
VEGFR-1 A 73 tLAE# AR, T VEGFR-2 78 41 g N
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Role of optic atrophy 1-mediated mitochondrial dynamics in the occurrence and
development of central nervous system diseases
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(1. Rehabilitation Medicine College, Henan University of Chinese Medicine, Zhengzhou 450046, China.
2. the First Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450000)

[ Abstract]  Mitochondria are the center of intracellular energy metabolism. Mitochondrial dynamics refers to
the dynamic process of mitochondrial fusion and fission, which plays an important role in maintaining mitochondrial
homeostasis and central nervous system function. Optic atrophy 1 (OPA1) is a key factor involved in mitochondrial
dynamics. OPAL1 acts by regulating mitochondrial fusion and fission, reducing oxidative stress, inhibiting apoptosis,
and promoting mitochondrial autophagy, to maintain the dynamic changes in mitochondrial quantity, structure, and

biological function. Numerous studies have shown that OPA1-mediated mitochondrial dynamics plays an important role
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in ischemic stroke, Alzheimer’ s disease, Parkinson’ s disease, spinal cord injury, multiple sclerosis, and other

central nervous system diseases. Here we review the regulatory mechanism of OPA1l in terms of mitochondrial

dynamics and the important role of mitochondrial function mediated by OPA1 in central nervous system diseases, to

provide new ideas for clinical treatment.
[ Keywords)

Alzheimer’ s disease

mitochondrial dynamics; optic atrophy 1; central nervous system disease; ischemic stroke;
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Figure 1 Mitochondrial fusion and fission
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Figure 2 Mitochondrial structure
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Research advances in iron overload and related animal models

TANG Huian, AO Guangyu, CHEN Min, ZHANG Yujiao, CHEN Zejun "
( Department of Kidney, Chengdu University of Traditional Chinese Medicine of Integrated
TCM & Western Medicine Hospital, Chengdu 610016, China)

[ Abstract]  Tron is an essential trace element for the human body and is critical for vital cellular processes,
such as DNA synthesis, respiration, and oxygen transport. The body maintains iron homeostasis through a coordinated
balance of absorption, utilization, storage, and distribution. Both iron deficiency and excess can lead to pathologies,
with the latter triggering lipid peroxidation and DNA mutations via the Fenton reaction, potentially causing iron-
induced cell death in severe cases. Although iron overload can inflict severe damage on multiple organs, including the
brain, liver, spleen, heart, ovaries, and kidneys, the mechanisms that regulate iron homeostasis in response to
overload are not fully understood. Various animal models have been developed to help elucidate these mechanisms,
each reflecting different aspects of iron overload relevant to human diseases, and selection of the most appropriate
animal model is needed for the accurate simulation of the pathological and physiological states associated with human
iron overload-related diseases. This review synthesizes recent literature on animal models pertinent to iron overload, to

offer insights to support the development and analysis of models for diseases related to iron overload.
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Table 1 Animal models of gene mutations related to iron overload

HER Sy TRES T P TEIR 45 )R
Species-strian Modeling method Ration Assessment criteria Outcomes
IRk VG SRV e T BRI R
s, Hdac3™™ 5 Alb-Cre” /N 7 SN Qe pti=g 7Ny . N
Hdac3-LIER il J At AR BB RCE=300 0 T e e rer st
» (Cre-loxP R&%%) Hamp mRNA | )
N i 50 ppm . Ferroptosis, hepatomegaly ,
Hdac3™™*_Alb-Cre* LIC. SIC T, hepcidin l, Fpn o .
Hdac3-1L KO mice hepatic fibrosis
mice crosshreeding ( duodenum. spleen ) T, Hamp
mRNA |
AU YAP 1 s . .-
- . MSERA L T 2R | | 2ki%is
(shRNA ik, RNA T4) e
YAP K342M , EACHZ®. W) 1, Hamp e -
ML Knockdown of YAP  protein NA mRNA | ST R b

YAP K342M mice

Th3/+ C57BL/6)
AN R
Th3/+ C57BL/6]

male mice

LEWzi/zi KR!
LEWzi/zi rat

Y245X A
N AR
Y245X knock-

in mice

C57BL/6 Hjv™~
JNELS)
C57BL/6

Hjp™™

mice

(shRNA-mediated
knockdown, RNA

interference )

RAEH T

Hybridization

SD 1 zitter( zi/zi ) J& K Y + Lewis

IR FR KR (I5)
Zitter ( zi/zi ) genolype in
Sprague-Dawley ( SD )  rats

crossed with Lewis inbred rats

(backcrossed)

belh3/+ + Tfr2\245></\245x ( C57BI_/

6] WHR T EZ)
be|l|3/+ + T2 Y245X/Y245X

( backcrossed on a C57BL/6]
background )

[ B R

Gene knockout

NA

NA

380 ppm

75~
100 ppm

SIC T hepeidin | , Fpn( duodenum,
spleen) 1 ,Hamp mRNA 1

FFgk B B8 1 ARG 1 4
AT BEE
LIC, FER, NTBI T, hepcidin |

Mg Bk B2 FLRR Al 1, ki
BRI | IR R
R, ke AR B

SIC, LDH T, Fpn( choroid plexus)
! , iron deposition in the brain and
kidneys T , iron-positive staining in

the choroid plexus

Az |
Hepcidin 1

g B — & w1
TOBREP O LT ) BRI ER
| B O (F 3R T
1) ,Hamp mRNA |

LIC, DMTI T, FER ( spleen | ,
T, 1,
( duodenum, liver T ),

Hamp mRNA 1

liver hepcidin Fpn

spleen,

Hepatomegaly, iron toxicity

Bl P M, 0 L, AR
RIE , IR FRISZETL

B-thalassemia, cardiomyopathy,
disorders of  carbohydrate
metabolism , disorders of

lipid metabolism

ILAST A L, 8 0 P Pl 5 4

I 22 KA RE AL AE
Intravascular hemolysis,
inflammatory demyelinating

disease, multiple sclerosis

AL R TUE I, MUK
HH, splenomegaly

T (R T A
HH
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&R
TR W T BRAEEED 45 JR)
Species-strian Modeling method Ration Assessment criteria Outcomes
Ik L 2Rk BE T, I B DA
X » R OEBRVI T H
Bmp2 KO MV Bmp2™"; Bmp6™™ ; Tek-Cre+/ lR ﬁ | S I, Hamp
m yir
VR X (Tek-Cre+, A floxed) 2~ o . AL I B EVUEE
wa . LIC, SIC T, splenic iron deposition
Bmp2 KO Bmp2""; Bmp6™™; Tek-Cre + 380 ppm . . . HH
o mi ) Tek.C foxed I, pancreatic/ cardiac iron
e mice mice ( (Tek-Cre+, floxed genes) deposilionT , Hamp mRNA |
JAERR L0 ke 8 T Bk TR
Bmp6 KO Mtk Bmp2*"™; Bmp6"™" ; Tek-Cre+/]N LR 0 BEBTAR T, Hamp
SN FR (Tek-Cre+, 3£ floxed) 2~ mRNA | A% i £ R U RE
Bmp6 KO Bmp2™™; Bmp6™"; Tek-Cre + 380 ppm  LIC, SIC T, splenic iron deposition HH
male mice mice (Tek-Cre+, floxed genes) I, pancreatic/  cardiac  iron
deposition T, Hamp mRNA 1
IR/NIRTR /795 A L7 -4 = I
PR | MBRUIR L R O
Ecs Bmp6 ¢cKO Bmp6™" ; Tek-Cre+ ( Cre-loxP 5 ;E%‘E/% i : QI?E RlNA%L g
N SERULES |, Hamp m . .
HEPENER %) A Y RUESTe
380 ppm LIC, SIC, Tf T, hepcidin |,
Ecs Bmp6 ¢KO Bmp6™";  Tek-Cre + ( Cre-loxp . . . HH
i splenic  iron  deposition |,
male mice system ) . L ..
pancreatic/cardiac iron deposition
1, Hamp mRNA !
C57BL/6]; 129S5/SvEvBrd i %
Smadl/5"" 5 Cre % 3 /N B
Smad1/5 KO AEHE ( Cre-loxP F40) IR L RV L T, ek .
- . PR ARk A
INER Crossing: Smadl/5"" ( C57BL/ 380 ppm T ,Hamp mRNA | . . .
Severe iron overload in the liver
Smad1/5 KO mice 6]J; 129S5/SvEvBrd ) X Cre LIC, SIC, Tf T, Hamp mRNA |
transgenic ~ mice  ( Cre-loxP
system )
Hfe”" 3 Bmp2™",
: ' . JEFRR IS RV B BRI A T, -
Hfe KO /NRT (Tek-Cre+, 4 EFHEIR ) “ SR | HPRRE H A I € 2 YU S
Hfe KO mice ~-, [ k-Cre b HH
ffe KO mice Hfe™™s Bmp2™; - ( Tek-Cre +, LIC, SIC, Tf 1, hepeidin |
systemic knockout )
IR/ IRTR /795 A L7 -4 = I
WEL, TURR L T f
Bmp2+Hfe KO Hfe”™; Bmp2™"; i";f iT%%ﬂf b AR
o LR N S
N (Tek-Cre+, 2 B PERER) , . PRI 6B VTE SE
o NA LIC, SIC, Tf T, hepcidin |,
Bmp2+Hfe Hfe”™; Bmp2""; ( Tek-Cre +, . . i, HH
- ' splenic  iron  deposition | ,
KO mice" " systemic knockout ) . . .
pancreatic/ cardiac iron
deposition T
C57BL/6] Hfe”” M B 5 N N T
o CDI1. 129 Gnpat”~ it 285 3% BRI RRAR B R BR R A T
Gnpat™ ™ ek e /G o BWE |, Bmp6, Smad7 mRNA |
B at 4
IR cm Hamp | S PR
Hfe”"; Gnpat”~ mice were NA

Gnpat™™ male

mice

generated by crossing C57BL/6J
Hfe”” with  CD1. 129

Gnpat™™ males

females

LIC, SIC, Tf T, hepecidin |,
splenic iron deposition | , Bmp6/
Smad7 mRNA, Hamp 1

Disruption of iron homeostasis




Aliver
Hepc™"" mice

(hepatocyte-specific) mice

(Gene targeting + Cre/loxP)

LIC, SIC T, FER |, Fpn(spleen
and duodenum) 1, pancreatic iron

deposition T, DCYTB, DMTI 1
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(HEN AT I T BRAEEED 45 JR)
Species-strian Modeling method Ration Assessment criteria Outcomes
IRk LT SRk B BRI R | Fe
C57BL/6 Hfe”™  [RELH,ES g5 EGm & BB 324K 1, Hampl %2 Hamp2
JNERL Homologous recombination, mRNA T ,Slc40al |
} 270 ppm . 10L
C57BL/6 embryonic stem cells and LIC, SIC T, hepcidin 1, T,
Hfe”™ mice embryo fusion Hamp1/Hamp2 mRNA T,
Sle40al |
; e PRI EE T B | ki
R 4L, ES A0 S R S
AKR Hfe” /MR . %Z &k 1. Hampl/2, Slc40al
Homologous recombination,
AKR ) 270 ppm  mRNA | IOL
, embryonic stem cells and L
Hfe”™ mice!”" . LIC T, hepcidin | , Tfrl, Hampl/
embryo fusion
Hamp2, Slc40al mRNA |
Hfe H67D/H67D .
: . IR I TE SRk B BRI A T, S
N 0 T 41 - plevmibtitat A L G L
m NEE
Hfe H6TD/ Homologous recombination PP ) . HH
LIC, SIC, Tf T, hepcidin |
H67D mice
€294Y/H67D . PRk W B B ek T, -
o Il 5t 241 : . S ML 6 R UL A
VR o 200 ppm  BRIEE |
Homologous recombination . HH
C294Y/H67D mice LIC, SIC, Tf T, hepeidin |
S ok ke [ -
CSTBL/6 Hfe'- }?T%%\JI[HE %‘{ZEJX\%%EI !ff_ﬁ’i
o 25 150 kAT BRME FBkERzE
/N e LRLRZ A
NA ppm, 1] BRRRZEk 21 . .
C57BL/6 o . Mitochondrial damage
o 2 weeks LIC, SIC, FER, Fpn T, hepcidin,
Hfe” ™ mice Tfel |, Mfrn2 1
IR/ IR R /R 35 A7 SIS
; 97,8 E |, Bmp6 mRNA
12986/ SvEvTac + CSTBL/6 i 4 &8 1 A %i lw e
- o TR B RGBT, Ak DT
o (o) H (R R BEBR + Cre/loxP ) o e g
Hjp™ ™ Het/ L ) il LR Z A
12956/ SvEvTac+C57BL/6 mixed 226 ppm - . .
va,/, male mice ) LIC, SIC, FER, Tf T, hepcidin -~ Mitochondrial damage
background (' Gene-targeted .
l, Bmp6 mRNA T , pancreatic/
knockout +Cre/loxP) L. . .
cardiac iron deposition T, splenic
iron deposition |
PR MmiE g T A
Hamp1™'"™ /N5 F ik Cre & BEmEA (R 28 1R
Hepe™™" etk LAY 5L R R (E2a-Cre) 22T FRERDIAL T, + AR R LR
N (F B + Cre/loxP) NA B M &EEEA 1T e
. ) o ) ) Myocardial dysfunction
Hepc™*" male mice Hamp1''*xE2a-Cre mice LIC, SIC T, FER |, Fpn(spleen
( Gene targeting+Cre/loxP) and duodenum) 1, pancreatic iron
deposition T, DCYTB, DMTI 1
Hamp1"™" /N B4 3% 35 1 40 B IRk PR EE T, kE |,
RS PE Alb-Cre 20 B/ R 32 PFeEER (R T8 m) 1,5
: FiC (356 (R 425 + Cre/ToxP MRERIURR T, + iR %
Hepevr g TECRRRERCre/loxP) RRILRA T F IR R s
Hamp1*™* xAlb-Cre NA B. M &EitisEr 11

Severe iron overload in the liver
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&R
TR W T P TEIR 45 JR)
Species-strian Modeling method Ration Assessment criteria Outcomes
C57BL/6) M Bl ENU Ab #2
flatiron Z27% , 5 [A] 2 ME R B0 28
Fprl (3200 (I#AZEAIA) | W LR T B -
IR C57BL/6] male mice treated with NA B2 | BHE T I (0 R U AE
Fpnl (H32R) ENU to induce flatiron mutation, . HH
] . LIC, SIC T, Tf, hep(:ldlnl
mice backcrossed with females of the
same strain ( chemical
mutagenesis )
Ndst1 Hepatocyte 200 ppm AP MEBRVEE T, RIM R,
KO /ML Ndst1”" Alb-Cre ( CRISPR/Cas9 (1 week) ~ Hamp mRNA | , Bk 1
Ndst1 Hepatocyte & [F 4% ) ~ 8300 LIC, SIC 1, hepcidin | , Hamp IOL
¢KO mice Ndst1”" Alb-Cre( CRISPR/Cas9) ppm ( 3 mRNA |, Splenic iron
weeks ) deposition T
HFRR (i e X3 (ML Rk 2, e
BEA T BRIEE | MBI
C57BL/6; SV129 IRA&H 5t LOE DR BRI ER TR T, AlK3
Alk3 KO M Alk3"™™; Alb-Cre( Alb-Cre, mRNA, Tfrc mRNA |, Bmp6
JINER FEA floxed) . 380 ppm mRNA T . . IOL
Alk3 KO C57BL/6; SV129 mixed LIC ( central region of the liver),
female mice background Alk3""; Alb-Cre SIC, Tf T, splenic iron deposition
(floxed) (Alb-Cre, gene floxed) |, kidney/pancreatic/ cardiac iron
deposition T, Alk3 mRNA. Tfrc
mRNA | | Bmp6 mRNA 1
T, V129 L BFAKCHIITIRE) IHRLIE
Alk2 KO MEPE Al2™"; Alb-Cre HHREAD T, KK |, Al
i mRNA . Tfre mRNA | , Bmp6
IR ( Alb-Cre , Z£[H floxed )
. 380 ppm  mRNA T 0L
Alk2 KO C57BL/6; SV129 mixed

female mice

background Alk2""; Alb-Cre
(Alb-Cre, gene floxed)

LIC ( periportal pattern ), SIC, Tf
1, hepcidin | , Alk2 mRNA, Tfrc
mRNA | , Bmp6 mRNA 1

(33 T :ij][]; l ;F%fEﬁ;KO;%?&%;CKO;%#F‘HE%?ﬁl&%;NA;)‘C'—I—'ﬂ%%&;Hamp mRNA;@Eﬂ%% mRNA;DCYTB;‘I“:?E%?E]E@@?
B;DMT1 ; M4 J@ 58 1 1;NTBI . JEFE4 R 19 45 54 ; Sled0al - 265512 5 14 ; Bmp6 mRNA ;B IEZS & 2L 1 6 mRNA ;Smad7 mRNA
SMAD ZJRIM 51 7 mRNA ; Alk2 mRNA : #75 2 32 M 3 mRNA ; Tfre mRNA 88k 8 32 A mRNA

Note. T, Increase. | , Decrease. KO, Knock out. ¢KO, Conditional knock out. NA, Not applicable. Hamp mRNA, Hepcidin mRNA.
DCYTB, Duodenal cytochrome B. DMT1, Divalent metal-ion transporter 1. NTBI, Non-transferrin bound iron. Slc40al, Solute carrier family
40 member 1. Bmp6 mRNA, Bone morphogenetic protein 6 mRNA. Smad7 mRNA, SMAD family member 7 mRNA. Alk2 mRNA, Activin

receptor-like kinase 2 mRNA. Tfrc mRNA, Transferrin receptor mRNA.

2.2 RALBR#ENIFES IOL FhiiEs
ADWEGE KB T0L A 5 22 Fh5 9 19 9
R AREA O, I % T A0 10L 5 HAbg
PR — A5 IR A L i, ALTAMURA
N Fpn S ANRE 2 RUBE IR B K
PUAAG 5 A8 M R FRAE 19 Lepr™ ™ /N B2 28 2K 45
Lepr™ ™/ Fpn™ % /N, PALER T TOL /E 4 2 A
W DRI FR A HR R B ) R FT i X I RO DR

39 R0 TR 53 28 I 300 O A& BB R, BAO 450l
C57BL/6 15 5t T H Fpn-floxed ( Fpn™™) /NEL 5
NEX-Cre /RAEEL LA = A2 45 1R 1 Fpn™ ™ /1
B, BIVAE G 1z )22 it By 1) 32 220 28 0 rhast A5
BR Fpn, 52 BT 7R 2 T BRI 00 ¥ 5 22 4 A IC
1204 IR 5E Fpn 7T k3% APPswe/PS1dE9 /)N ELHY
BRAE T MICAZ B 5, AKR 35 5t F ) Hfe””
Tee2™ /NERZAE LA G He™ ™ xTfr2™ X748 3 A
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I /0N BB P B TOL B 28T 45 457, MOON
SRS 13 JEX R 3R CSTBL/6] i R 3 T
4 SA A R e/ A R ER B ( AOM/DSS ) T
/NELT LA 2000 ppm/kg &2 B R MV 42 LA ) 45
R85 H W TOL #7858 & B, IOL T 14
AOM/DSS 75 5 1 2 4 2 [ e 3k | HEZZ T 45 s i
AR JE RIS A R 5K & 0L BT
HAX,

CHAN 21178 9 B ifErE B6D2F1 /NS T
300 cGy MRS 2 SRS+ F ST 0.5 mg H
FERFAWETR 40175 5 2 PR BE 2R 11 0995 7 S Atk -
ST 0 JE I B T A TR IR 375 mg, KA
70 JE AP TOL A58 | LU TOL X 2t 6 &
1L 75 1 52 ) DL K VP Ak 4k 25 6 R 9 A stk
CHAUDHARY 25"V 75 Hfe™ /I B 4 IR A 1 &
75 2 BRI, LT f# TOL 5 8% PR B 9 =22 [A]
FITETERE R
2.3 5MEE IOL Zhip#E sy

T AT 7 B ) i T8 B M A ) £ B L
VARG 8 AN 3 5 5 T e TR BE Ak, DR LG I 1 0
TR A R A RE RS B0 TOL A E AT
ANHE UL, SR 22 U B I LA B b 7 4 50 A A D BR
Gh, EBILBEAR, B HRGE M 2 b #E R ol
20 mg/kg KT (mg/kg BW) , I35 i 7K 2 L5
R, SR, MEEA =K T 60 mg/kg BW
B, AR AR B 4 B Rg ), 7E JLEE R
NHEAR A SO0 & 0 2 HE A 431 25 2R 200 ~ 300
mg/kg BW Hl 1400 mg/kg BW' " | 1 3h ¥ 52 1%
Hh R A R KO B BN RS S kAT 3, B
TR e FE A AN AT, {H B2 RAT =53k 2% ~3% (20
000~30 000 ppm) ,

2.3.1 L8 H (transferrin-bound iron, Holo-
Tf)

ZHANG %1 38 5 [6] C57BL/6 /> KU 5 4
T4 10 mg B9 Holo-Tf 7 201 i 1 2kad 2% /) B
B RISk BETE 2 h 9 i 4K 4 4% Hamp
mRNA ¥R 4 h 35 B 0EAE , M4 b I3 8k 2k 2/
kst 25 09 A5 75 4, TR2 F1 FTHL A AH R 3 0
455 7R Holo-Tf H45& -2 L Xt BMP6 YR,
JFFRR E3 2 RZEHEHE SMURF1 7] DL i 4
oI 3 4k ik 2k S T 40 i %) BMIP ) 2 1 P ke s S
P:E35 BMP/SMAD #4%

2.3.2 FTIERRPNE

WA SCRT IR TOL H 4517 & AR I B L 48 e A
LR IR TN RERE IR, T S B 4 o0 e T, R &
IRF TR I AR ML 2 — P LI %2 7E 8 JA
% CSTBL/6 /N BB XU ¥ B A b 3 59 ik B o
0.5.1.2 pg/d, I HELLFEST 1 A 09468 R 2k gk
(ferric ammonium citrate, FAC) , DL 2 /) BV
oy JOL B W58 26 TOL i A0 28 50 Ay 6
Binl REVH R F8R175 5 T A2 5L AL furin 19T
PA LA B i Vs 1 228 3% L F- ( BDNE) [0, 1%
AT A AU B I £ 3 3 SR g 0 A R TR TR R 4
X107 mol/L A BEIRER & /K rh aE AT 2R, 8
(1) 60 h %3 f5 B AT ZE A BRI TOL #5380 | /N
5T 20 154 5 0k % A A S L A5 B I8 A7 4 24
IOL ¥k FPN1 F1 DMT1 /K FE3 0, CAROTA
AL I AR IO o — B FRAE A B A 7 L
FEARHIA KN, i iF NRF2/HO-1 38 4 3556
RIEPUEACIE R, A BLE T B0 B 43 T 208 TOL
PR,
2.3.3 iR

PRI — Fh IO 45 Bk B R Eh 45 6 0,
BRAE R 6 s I 5 LA 48 02 FH 18 1 B s b 45
REBEIGYT O 1 IREANFER . HUANG 5%t 9 A
1% C57BL/6 /N B K 3k 16 B A E R B R Ak
(333.3 mg/(kg + d), #5 Rl A K& 24K
2585.9 mg, /N T 150 B A5 45 R HETE & 4800 mg/d)
P Mg R i TOL A | % IRECAT O B R
B2 10L B4, 31 & B/ BOA AT A7 M D RE B AT
AR A P LE A 4 AR sh BT
2.3.4 TR

B— b P IR B I LA /N BRUAE 4 S H A 2 g/kg
SRR P Ak M R T R A0 v R R T T
T IOL #%1 SRIPETCHWANDEE 25145045 1t A
RV THRIT B—Hb g 2% il AR5 TOL Jir 35 i) o
ZONATIRERERT , e A ML AT REJE @ 0 T Y45 58
A &, I IEIZ TOL AR ALY A i 28 ok i 7%
b SRR T BE A Bh g 2 AR Ak | i 41 e 9 T A e
IR PR BRI Ao B AR AIE
2.3.5 KA = L REK (ferric nitriloacetic acid,
Fe-NTA)

Fe-NTA # HF175 5 A AN A G Bt 7Y |
ZAHTEWN, FRIE NS 10 mg Fe/kg K
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AL = LR M S AR 1 h 5 ik B,
RS HEHN AT i 5 1 424k A0 0L 38 A48 05 4 2 0 110
BEIIC, 7E 24 h 5 MR [0 75 2 R I6 7 K, e vl
FH T 57 1B AR PN 43 00 400 52 453 5| % H DR s 1 Ak
RS WAL, B S AT & Bk T 90% K
Wistar HEP: K B2 22 W 5 i v 6 76 25 I H KA
Fom A LRI T 51 & TOL DL ARIET IRl
VT NG Cdkn2a/3b 2835 5 & B AR
2.3.6 e (iron dextran, Fe Dex)

Fe Dex J& 4k & 1 10L sh )5 AU 57 5 UL Y &k
F, - HL R B I B AT, 1R
i S A T R Ik S L Y 2k TOL &% KRR
Fr i — 3 K - P IR (HPG ) %l ™= 2R 3 PR A 0,
SHU % REUS 2 A B A RUNRAEE 5 d
Ji 1 5 300 wL A8 10 mg Fe Dex 2~4 JE#E 4
B I0OL 2%l . FIDELIS 21 5@ % 3 A # i
TEYE Wistar K BUEERE S d 83 8 09 18 s 1 5
200 mg/ (kg - d) A7 HEMEEFER, DLt F T 2F Al BH Wt
M SRR AT 2052 TOL 1f 3 51405 B9 A 5%
PE, QIN 25005 3 4 8 1 Ik, 1 SE 8 JA R AR
PE C5S7TBL/6) /N BRI i 33 B 3 40 ) R 0.1 ¢/kg

(LF 41) .0.5 g/kg(MF 41) . 1.0 g/kg( HF 41) )
A7 THE W BT AJ AR 0 1 e AR M TOL RS AN 584
ANV RB E 4 K SEAB L T TOL X P4 43 306 1 B9 6 4=
FEINRERGRZIR , WF 75 /% TOL W] g i3 il IK o 4
JS WA B A0 IR BRI 6] Wt {5 514
SR PE I BE  HF 47N U 282 e 1 L
il 5 25 1, FARERAR S R A

WU %5 3 o X % 6 ~ 8 JE % 9 BALB/c
/NEEEA TR 10 J5] B 200 mg 1 A7 Jié b IR
J I PR3 i, DA I AR 0L P A e A AR AR i 9 A O
IOL A SRR AVILA %507 58 5o i i o 0 5
100 mg/ (kg - d) B8 5 d, 33t 4 F A4 e d isF
BRERFAANTT , DAL ST A8 PE 101 /N USSR ¥R 55
iz B % TOL A0 LYK A8 /9 PR 47 L & . JENSEN
FEE IR 15 AN XM RF LR AR /N A R
HEFT WL A e B Ik (B8] 7 ~ 125 mg/kg) 84
RemsHE 3 (7~21 AN ) EIRA e T4k (52 5.0
~140 mg/kg) ¥4 HM8 P TOL LAY | DL R .00
Wt T2 = BORTE TOL S5 44T Al 110 B2k 9 A 2
P, & BZAE A AT R A48 i i a1 TOL 1 B
PO IERE (R 2) .

R 2 NIRRT S PR

Table 2 Animal model of exogenous iron overload

LHES

Species-strian

Bl

Tron formulations

TERETT
Modeling method

PN HEAS

Evaluation indicators

555

Outcome

PAYR G TS 10 mg Holo-Tf

C57BL/6 MEYE 2 mg/mL Holo-  (SMEMEES: £ 1k I0L)
IV Tf 2y Single intraperitoneal injection of 10
C57BL/6 2 mg/mL Holo- mg Holo-Tf ( exogenous induction,
male mice Tf cell acute 10L)
JE I TR 5, ) IR A -2 mg Fe/kg
BW/d(3 J&),6 mg Fe/kg BW/d (3
J&) ,10 mg Fe/kg BW/d(2 41 H)
. WOE = 2 (%’5%%‘@) o
Wistar K B Wbk Intraperitoneal injection at doses of: 2
Wistar rat Fe-NTA mg Fe/kg BW/day (3 weeks), 6 mg
Fe/kg BW/day (3 weeks), 10 mg
Fe/kg BW/day (2 months) ( drug
induction)
MRIR IR 2% BREESK (1 7] , bt Je R
BRI (2~6 ppm )2 d
T MR e (A
CSTBL/6 2% Oral administration of 2% carbonyl
. carbonyl iron iron (1 week) , followed by a low-iron
male mice

diet (2~6 ppm iron) for 2 days
(drug induction)

ML 8k e B . Hamp mRNA 5% £k
EEHZE 2 BREAER L,
SMADI1 1 ,SMURF1 |
SIC, Hamp mRNA, TFR2, FTHI
SMADI 1, SMURF1 |

FFERHk BE i 1
LIC, Tf T

vk B Ak B A EE 4% 1, Hamp
mRNA | Bmp6 mRNA | B 2 1k 19
SMAD1 F1 SMADS %9 1

LIC, FTH1, Hamp mRNA, Bmp6
mRNA, pSMAD1/5 1

I0L

BR % | TOL, i & )
[ SRS

Diabetes mellitus, iron
overload, islet

dysfunction

JFgkid %

Hepatic iron overload
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Species-strian  Iron formulations Modeling method Evaluation indicators Outcome
AV IS T ST 45 mg/kg BW STZ 7%
SRR AR B S A SR 2
¥ 3 mg Fe/kg BW/d(12 &) (2% . = _
Wi W msmn e RO g | semm ez L=
e [55] - ; . . . L haEiEE N 1(8) | PR P B 9
PN Iron Single intraperitoneal injection of 45 o . . .
) . . Hepcidin |, Tfr 1, DMTI Diabetic nephropathy
Wistar male rat  polymaltose mg/kg BW STZ to induce diabetes, .
) (kidney) 1
followed by oral gavage of polymaltose
iron at 3 mg Fe/kg BW/day (12
weeks ) (drug induction)
BT A A 400 pmol/L (¥ F7 E He k
ER R FLKE 60 h( 2545, & hmoxlb sodl  pigsl T, /MK B4
B oA BB # 10L) L, Z R iE E i 1, Fpn
T L6 [ER AR Placed in a fish tank containing mRNA 1 TR
wild-type FAC 400 pmol/L ferric ammonium citrate  hmox1b, sodl , ptgsl T, Brain iron deposition
zebrafish for 60 h ( drug induction, acute iron microglial cell |, DMT1, Fpn
overload ) mRNA T
HEH 2.5 mg Fe/d (16 J&) (59T REBTRURHENE A2 1 SR U0ER, T
C57BL/6 ffE Pk PR S S, 18 1% 10L) B LT BRI Bk B 2 IR
7N 4 TRk Oral gavage of 2.5 mg Fe/d (16 1 Bk¥s8HEH 1T WH 4 FR0%
C57BL/6 Ferric citrate weeks ) ( drug intervention for iron Substantia nigra and basal ganglia Parkinson’s disease
male mice metabolism induction, chronic 10L) iron accumulation, LIC, SIC,
Tfrl, Fpn 1
JEIEE TS 1100 mg/ (kg - d) , HELE S
CSTBL/6 d(25Wifs s, 24k 10L)
IR 5 TERE Ik Intraperitoneal injection: 100 mg/ (kg — MLIEERME MRS 1 =4 B I AE
- . Fe Dex « d)for 5 consecutive days SIC, TIBC 1 Hyperlipidemia
C57BL/6 mice . .
(drug induction, acute IOL)
CSTBL/6) M RERETEAT - 1.0 g/kg, BJR) 1 IR, R78h PR MG BRIKEE T B M RZ ok ™, bl S 3
[50] ) o 8 JE (1244 10L) K mRNA |, Slc40al mRNA, fE324H
(N AR T2k . L R . "
CSTBL/6] Fe D Intraperitoneal injection: 1.0 g/kg, fEORJEHLE 1 Infertility and difficult
female mi e rex once weekly for 8 weeks ( chronic LIC, SIC 1, Tfrc mRNA |, labor, ovarian
emate miee 10L) Fill, Sle40al mRNA, FSH 1 function impairment
BRI B JE 1 Hamp N
. } BRI T Ham B0
AT 2 JEJETE 5T IDHC 100 mg/kg, B H 1 B4R HE 1, Sle40al e 8k 1M P A i
Wistar 1 14 ’E;&% - WIS 8 W(AWiET) Z SRIEWEA L BT EA ;(T 1 i bil
; educe ile
FeELLe . . Intraperitoneal injection of IDHC (100 2 | , % ALRIABEH K . Hmox1 1 . .
. Dextran heparin secretion,  metabolic
Wistar male rat mg/kg) , every other day, for a total LIC, SIC T, Hamp, Fil,
complex . . ; . . abnormal
of 8 administrations ( drug induction) Sle40al, Trfe, IRP1, IRP2 |,
enteropathy syndrome
GSSG, Hmox1 1
FEREBFEL, 5. 0~ 140 mg Fe/kg 1A
LR U UL T, RS 14
& R R ™A
Wi g7 A BRI 2k (HWiFs) DIEBRGTAR O IERRTTAR

Gottingen miniature Fe Dex

female pig

Iron dextran, 5.0 ~ 140 mg Fe/kg
body weight, intramuscular injection
once weekly for 14 months ( drug

induction)

Cardiac iron deposition

Cardiac iron deposition
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LHEN B AT BEAECER 4
Species-strian  Iron formulations Modeling method Evaluation indicators Outcome
AL 7 ARE RS 1 L BOAT A
PR TR A 20 (kb (25 . . o 1w
CSTBL/6 iy, TR CYIRT) g et B EITRE T B DL
MBS PP IR Bk e Injection of 1 pL of ferric ammonium IR Hippocampal
. FAC citrate into the hippocampus via .
C57BL/6 mice X K FIL, FTH T Tfrl | neural injury
stereotactic technique
(drug induction)
S5 24 h LU S K A 4 T
15 me/kg (98K FR B2 2R MG
1Ob B ERTEIRAANERSUR s ot 1 0
0 40 m Ferk BN IS I CE01 g e 1t
Wistar 4! BB ) NZZR | l\:lﬁ)
. 12/ 24 h prior, IOL was induced by . . 0L
Wistar rat . L. . Spleen iron deposition ( compared
SFOH intravenous injection of 15 mg/kg iron
. to female rat) T, LIC |, SIC T
carboxymaltose, followed by daily oral ( dto f Hfate)
gavage of 40 mg Fe/kg BW sucrose compared fo fertotis sufile
iron hydroxide for 13 weeks ( drug
induction)
SEH 24 h DA G S 0O 5 45
15 mg/kg PYAERR H L 32 28 055 &
0L, BfiJm 1 K ARG R GR AR 2k 40 PR T 1T (S5HMEMEAE) , 1
Fe/kg BW(13 i) (249i%%)  BRUIBI(CSMEPERILL)
SIC o T, ms &
Wistar JC B R X 24 h prior, TI0L was induced by LICT T (compared to male rat), TOL

Wistar rat

Ferrous sulfate

intravenous injection of 15 mg/kg iron
carboxymaltose, followed by daily oral
gavage of 40 mg Fe/kg BW ferrous

sulfate for 13 weeks (drug induction)

spleen iron deposition ( compared

to female rat)

1 Ho-If: 2 £k % 11 ; Hamp mRNA ; 2 5% 25 8 K A0 15 1 RNA; TFR2 . ¥ 8k 88 A 324K 2, FTH ., 38 AU B 4% ; FTL. 2k 2 A % 4% ; SMADI .
SMAD &M 51 1;SMURF1:SMAD 4 5 E3 72 28 (73RS 1, DMT1 . & B HiEE M 1;hmox1b . MLLZEINERE 1 8918 T ;sod1 .
ABEALYIE AL 15 ptsgl  BUFIIR 2R AT B ALY A B 15 e BB 320K IRP . 8RR 35 25 195 SledOal ; B2 8 11 FSH AR B I K

GSSG . AL I B H Ak

Note. Ho-If, Holo-transferrin. Hamp mRNA, Hepcidin mRNA. TFR2, Transferrin receptor 2. FTH, Ferritin heavy chain. FTL, Ferritin light
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Relationship between hypoxia-inducible factor-1« and cardiac
energy metabolism
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(College of Basic Medical Sciences, Dalian Medical University, Dalian 116000, China)

[ Abstract]  The heart serves as the “energy factory” of the human body and is responsible for maintaining
blood circulation and oxygen supplies. Its normal functioning thus relies on the generation of substantial amounts of
ATP to support its mechanical activities. Under pathological conditions such as myocardial infarction, coronary artery
sclerosis, and pulmonary hypertension, however, an insufficient blood supply leads to a reduced oxygen supply,
subsequently activating a series of compensatory protective mechanisms. Hypoxia-inducible factor-lac (HIF-1at) , as a

nuclear transcription factor stably expressed under hypoxic conditions, has been shown to regulate oxygen transport by
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promoting angiogenesis and vasodilation, and to optimize oxygen utilization by regulating the balance of glucose and

lipid metabolisms, thus participating in the regulation of various cardiac diseases. HIF-la plays a crucial role in

regulating cardiac energy metabolism and oxidative stress. This review systematically summarizes recent research

regarding the various mechanisms of action of HIF-la in reprogramming cardiac energy metabolism, explores its

potential clinical applications in cardiovascular diseases, and proposes future research directions and possible

treatment strategies. By comprehensively summarizing the mechanism of HIF-1a in ischemic heart disease, this article

aims to provide new ideas and therapeutic targets for the prevention and treatment of cardiovascular diseases.
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HIF-1a; hypoxia; lipid metabolism; glycolysis; oxidative stress
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Progress in murine models of pulmonary vascular plexiform lesions
of pulmonary arterial hypertension
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2. Collaborative Innovation Center for Chinese Medicine and Respiratory Diseases Co-constructed by Henan
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[ Abstract]  The need for suitable interventions for progressive pulmonary vascular lesions has become a
bottleneck and a consequent focus in the prevention and treatment of clinical pulmonary hypertension. Plexiform
lesions in pulmonary arterioles are the typical pathological manifestation of irreversible abnormal pulmonary vascular
remodeling and the criterion for stage IV pulmonary vascular remodeling. There is currently no effective clinical

intervention for such pathophysiological lesions, highlighting the need for corresponding animal models. This review
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considers new progress in the stereology of plexiform lesions and highlights plexiform-lesion models in mice and rats

induced by multifactor stimulation, such as two-hit models and genetic engineering. It also evaluates the

characteristics and applications of these models to provide a reference for animal experimental studies and to clarify the

mechanism of pulmonary hypertension with pulmonary vascular plexiform lesions.

[ Keywords ]

engineering technology model

mouse; rat; pulmonary vascular plexiform disease; multifactor stimulation model; genetic
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Table 1 Comparison of the PH models induced by compound stimulation with pulmonary vascular plexiform lesions

T EARE SRR AE BRI, WA 1,

PORAER) HEp ek
LRI R iy Sk PRI 78 BB i 2 =3yl HLAEAE L R 14 g FR
Models Animal Method Conditions for the formation of = Manifestations  Other lesions Limitations of the
name B o plexiform lesions of plexiform  or functional model
lesions changes
ZEMDIRR 1 RS B e
N YTk 72 Jili, 5 Fonn il 3 ki, 9 IS
BFRESE MCT (60 e o i BhKORERE I 1 412
me/kg) TR 14~ o e e T K MR 5 25 0 L5
2R T ey gy WU AT DBk, SRR AT,
Jii BT A + Left lung was excised, K*TIEF;EET}‘}\W\J%;R ° Py Tl 45 SILY L A =]
MCTE ] KBl followed by with a Inore: d/ b ft lf blood Plexiform Right heart  Aneurysm-like
Pneumonectomy Rat single subcutaneous ﬂncreaslj Sl efiu gl ress o . ?0 lesions occur  hypertrophy plexiform lesions are
+MCT injection of MCT ( 60 owomye e exc,l HON distal to and lung few. Model requires
damages  the  endothelium, . . . .
mg/kg) 1 week later. . branch points  injury general surgical skills
. . then, metabolites of MCTs i R .
Plexiform lesions were . .. and is high mortality
o . aggravate endothelial injury, ,
appeared in 14 ~ 21 d ” . . rate
fler iniecti which form plexiform lesions
after injection
MCT A 7= 49y o i o A
40 5 5 P ARG 44 A e
VA B A543 ; e P ALK S A 4 i I b
YR P TE ST MCT A S il O 4R, 45 4 i N—
(60 mg/kg), 1K & MM E, SORATEMEM ARG L2 WM’%
O (380 mmHg) % &% 4  MAE R TAFTEA G Richt PR A2 iy % 11 B
MOT!#450 KE J& Metabolites of MCT damage 1% gl el HAMEE
- . R : A single intraperitoneal  pulmonary vascular ~ Presence of ;flen r;cu d}lln Plexiform lesions
M}g')l?xm a injection of MCT (60 endothelium; chronic hypoxia plexiform (YI;G ORI appear incidentally with
mg/kg ), followed by contracts  pulmonary  blood lesions is dn; ) poor reproducibility
low pressure ( 380 vessels, inducing pulmonary controversial p:l monary
mmHg) for 4 weeks vascular  inflammation and artery .
. . thrombosis
aggravating vascular endothelial
damage
il 3l K AL 5 o A 4
Sugen5416 i VEGFR1/2 K) P E P SN~
TETEGE S A B0 T IR 10% B9 il 3l JEH % B AR, 5
HIFRAT 7, S BURAFRIN B IKTR AR PR P R 25 Al
MNP VEGFRI/2 A4 W 28, 4 K K 5 i 21 20 22 Bk
Ok R o 4 FIBERBLET AN AN, AR A LI SINS PN e
SugenSAI6(20 merlg) . AR TSR A BT ]
Sugens416 + 10% 0,,3 J, % @ L SRIIE A K Pulmonary artery
ﬁkg a (21% 0,)2~12 i Sugen5416 in%li.bition. for EJ‘OJ[—L], b Vasc.ular lesions
fr [4.11,47-49] . ~ VEGFR1/2  activity  induces  10% of . continues to worsen,
A KB A single subcutaneous . . Right . K
L apoptosis of endothelial cells  pulmonary . but the right ventricular
Sugen5416 + Rat injection of Sugen5416 . . . . ventricular .
. and  hypoxia strikes again  arteries systolic pressure
hypoxia + (20 mg/kg ), 10% . hypertrophy
5 0 3 weeks damage  endothelial  cells, formed gradually  decreases,
flormoxia S 7 resulting in  forming anti-  plexiform inconsistent  with the
nommoxia (21% 0, ), apoptotic  endothelial  cells, lesions, with synchronous
2~12 weeks which survival is no longer need  both  stalk- deterioration in clinical
for VEGFR1/2. Under like type and patients and the
normoxia,  they  proliferate  aneurysm- expression  of  most
abnormally and form plexiform like type genes in lung tissue is

lesions

different from that of

human patients




P E P AR R 4R 2025 4F 4 45 35 %5 4 Chin J Comp Med, April 2025, Vol. 35,No. 4

&R
MORAER) Bk
BERIARR o PRI BB W 2% 1 e HLAEAE L R (¥ SRy BR
) Tk - . - . o
Models X Conditions for the formation of =~ Manifestations  Other lesions Limitations of the
Animals Methods " . . . S
name plexiform lesions of plexiform  or functional model
lesions changes
KE ALEEA LS mL B FRAMERRRTN =4 6%y @i &, B Ao Wk,
Rat  ZLANMIZLEA A Sl BABSFIE AL H ORI ILEE, B A M Mok, Bk S5 AZEE M PH R
W, 7 K 1w, & RIREMS R MAERYE RN i, A7 g BRI B Ik e
10d; 5 HEZ FES  HH,2A Sugen5416 S MM Plexiform ] AFF A MR TE A B
Sugen5416 200 mg/ & N Rz 381457 , T IR A lesions Hypertension BER, HEREN
kg, 3t 26 d Hemolysis causes the release of occurred in  splenomegaly — ZNBFF R $ 15 1 &) 5%
1.5 mL of 10 blood adenosine deaminase and purine at least 6% , pulmonary AY{%%
SueenS416 + once daily for 10 days;  nucleoside phosphorylase,  of the vessels edema, and Right ventricular
:;L:ijl'sl ] first day subcutaneous reducing the vascular protective right  heart systolic pressure is too
(Sﬁ s416 + Sugen5416 200 mg/kg effects of adenosine  and failure high and not
uger . for 26 days guanosine, and  Sugen5416 compatible with
hematolysis . .
again induces vascular moderate  pulmonary

endothelial damage, which form

hypertension in human

plexiform lesion

patients with hemolytic
PH. Blood injection
procedure is complex,
requiring high surgical
skills  and

instrumentation

expensive

55 Sugen5416 + ik 5+ A/ A R AR AL, —
6 7 R AT i 97 SOR BEIE AR 22,
ZT 20 2R 1 B IR+ IR AR UL LB J
A 55 B R+ e TR B R R L

5 ERIEEIMMARREERER

5.1 Egln1"?“* INGR

PHD2/HIF-2a {55 2 LA M PH Ay H %
T IE B AR R AR R T N B
R 20 M 5 i 40 RG Egln] (ZmA% PHD2) KEpA | 4
3L Eglnl floxed /N, $R)5 , Eginl floxed /N
Tie2 Ja sl T/ W55k TR Bh 1) Cre e 3L /N RUACHL,
FEA Y Egln1 ™ /INER o SRR [ RV 1M A5 PN
Bz 4 PHD2 2351 Eginl ™ /N o H 7 e 1
FE A PH 2A LT B A ZE PAH i A 1)
SCHERTELRRAE Y 0 i 20 ok it 8 P9 B S R A1
FREF 3 T | AR A5 LA R 1 45 il 7 45 A 25 14 il 2
POk EE A s HEA TR B A 0 B D RE I AR 1 2 A O 0
VB, K2 80% /NRAE 6 A R RTsET- 0 R
BTENZE PHD2/HIF-20 {555 5l 5 AR PH (A
KT 3H) RAFENHY), (A H Tz BR/NR Y
it A5 A B R AR 5 NS PAH R,
PEBEA R 2B o BAR Y PAH RS RL, BLAT
BT AL 3 /13 ] 245 ) V5 IR IR (B8 1) — S Ak

RAG T ) LA A (N R ZIRAEHR) F
i 5 JE AR (i 50 ER R R ) N T %
B I 259008055 Egln1 ™ /NI A7 0 351K
i), 5 EATRY A P sk R — 20 3 0 BGE
TGO EINRE A0 K A8 5 88
VYRR S 01 4 s sh W 0 A A S (B
MITCHRCR . XSGR 45 R 5 m K PAH 3%
PRATRCRIE L, 3.5 H i/ BRI B T
BRI | FEEAATE T BRI s Ik ( B>
100 wm) , /1N A4 [l 2 Jik 2 B2 3% 0 hy o 45 P E Y
BRI P9 185 AT BE S i DR A 728 119 K A A A
FEPE H>3.5 F % B9 ARG 22 1 45 R WA A,
i L IT It — LSS, BRE Egln1 "2 /NG i
A A S BN/ BRBE T 2 o AR 25 1y 7= A=
FAR AR AL i R ) 8 R A5 R

52 IL-6 T RIEZFHER/NR (IL-6 over
expression transgenic mice, IL-6 TG+)

HRAE &= PH 195 BE A B4 LRty 2230 0 A1
IRERE AR R e i P ) ke ER PN & 3
AT, FE L JE A T PAH S5 B BT 1) R
2, H A IL-6 KA TRk

BN RS CC10 J2 31 F (Clara cell 10 kDa
promoter, CC10) 5 AZEFE 4 1L-6 2+ 1 A9 H
PERLGR 7 5. 5 AbRl A JE K CC10-TL-6 5 56 FL



o E P AR R 4R 2025 4E 4 45 35 545 4 ) Chin J Comp Med, April 2025, Vol. 35,No. 4 141

Y IL-6 L5 5 MM TF 4 DM E T8 5 A
SMNEFE ST —A 37 JERIIFR X 8 CC10-1L-6 JE X
N (CBAXCS7BL/6) F2 /N, TE g 63k 1L-6
2 FE /N (T0-6 TG+) 1

iti & E 27 S 12 /0N BROPR AR AIE | 9% 90 41 i K
A T A A E A I AE DL R G TR 5, A A
CD3+ CD4+ CD8+ MHC Il 2841 B220+4Hig, &
TP P R R A5 il 41 4 TL-6  TFN -y 2540 Jifg
Wy REEED D R 3~4 A, liEsHiEg
PE SR E B 2 B, U0 B 20 it Sy =6 IR K i
TR 2 R o B R A B & 1 1A1 ( Collagan
1A1, CoL1A1) R4 i & 4 ik 8 > 45 55
A Bl 2, 2 B0 Ml 96 0 I A 28 R0 A 3 k5
PRI BETE WA S i i ] L ) 9% i A
952 S Xt i i 76 R IR R S B A2, S B B
Jk i S H AL, BRIE 3~4 AN H L BRIl Bk LA
LR AR RSN, B BT 25T A 2K PAH
SR SR () B2 R AT Q0 S T LA S {5 i
/NBIK; ECs Y6 AE | S SR] O R P IERE K IR 2 R
MRBERGAE T (EAd A A R shi & BRI
AR SR A B R 3 K /N BRI B 1
FRARLE, M /DN B BAS o S B> BR T A
A, JFEt S BRG AE  AnA o JIES R D g i £ 2
LAY BRI IZER SR PAH B
AAE—EZES, |5, /NEUG I 3 Sl kR = <48
it 5t ik v T B A s Al 2 R g T
e PR £8 3 — 8 il 32 s ik Fn S2 S48 st ki A Lk
IR R TL-6 43I 2 /N B B AR I
o7 FA) 5 AL 5 17T e R A8 DU) 2 P T 2 A U e A
PRI, S S50 R i 45 1 BBl 98 s hvy, DA i B 1L-6
IKETH i, P R RS S R R A )

ZE LR AR RS BT 3 4l PH B 25302
TPAR (an g BH 2 4 Al e s il b | 22 g 55 5 9
Jili B ik s ), o A, AR A T 9 0 X il I 4 S
FEIRMHLHIET, HRnZER s b 3~4
F Yy, A Bl A S A 1S 0, MRS A8 & A R
InssomE , FE LY,

5.3 EH,. - KO “Z&%3$TH" MR

A TR ARTET A R 129/5v) /MR L
Fa g KO /NEL, /028 3K 1 (intersectin-
Is, ITSN) B2k ; i) , ARG B4 R 24K (Myc-
EH, . DNA 52[% 3] pReceiver/myc-M43 R {&H1) |
AL E Y Bz 40 Bf 34 58 ) — > ITSN 9 DNA | Bt

(EH ey ) HEA KO /Nl 2 B% 48 h 1A 1
UK FFEE 9 WK RS EH g MIRRIE

/N B A i A 22 o 400 B %) 3 B 3 R S R
T NIl AN 1= = e o e S
AE 20 M 5, 5 BB BRI R JE TR T i 4 A
FEVES AR FN 1 L2 F PN Rz 40 it 348 A= 7= A 1)
i iR o B 5E 4 P 2, DA S 22 RO 25 1 AR R AR
WIANTE ARS8 4 [F) OV 280 B IR ARG A BB 5T
S PIR 95 8 | 45 RE A AR Y B4 A9 PR AR s AR
L XSO AR 25 LT A SR S R R 28
HE i S B Ak ) R KB R B 4~ 12 A
PRI AR 7895 728 1 /1N 3 ik i) Jidi 1 487 PR 55CFE s
7 N m LR L, A7 A 9 0 40 IR, SRRk
A, A0 UL E AR, 53 A, il A1 21 3 )R A R
i 240 R T i B S JRE | ADoK e [R) BT S B
JRUTAR, SEER A A /N RAE T, 34, R/
SR BT Bl Ik s e AN A O E B R, A 55 Ml il 4
1) 5 B AR ™ B R FE AN AL

PERZFZ0E PAH JE B & R RN i) 2 ]
R IGR P vk B B e AR Bk, B
I BAT DRI 725 1) PH RS | 28 i 1) 25 S
AURIE . AN Sugen5416 -+ 4 + i 48 K BB AL, 5C
A AT O 2 WO e A o0 3 B R R A s ik 44 34
AT 22 57, T L TG Ve W 1 30 2 A X 9 R
100, 35 o A D= B I, (R
EH, oy -KO™" /N EUB /R B A H () PH /R, 5
T g, 7 ) DA FE A AR (AL R AR ) B
T 37.5% i HAR 2R, KAk AR s
RNA X ARG AR S SR AR (Xist) B TR FITE
PR S5 B0, 2 MEME EH 6 -KO™" /N ERATA
KA Pk PAH FB 3 09 i 3l ik 9 B 40 f iy g &
BT R SRER B, 9234k p38/Elk1/c-
Fos 15510 B (176 16 ( TCie MM s |, 105 538
AR B Ik it 45 P Bz 200 i S G A R B AR
oA (1) T LA 5 ) S O /0 B
BT R, LIREEREER  EH G -KO™”
IV — P LT IncRNA-Xist #1797, & B T Lo
PAH M2 0T 58 A7 | 038 B F PAH PR 51 22
S E R, BN, TR, KT
EH, o B& THEHF ECs AO3G 58 At B AR KA1, 36 1
3 T UIBER AR PAH /) ECs 40 9 706 R 19
PALOH X b A SR PR T AR AR il iy DB g A )
FIAAT LR, WLk 2,
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Table 2 Genetically engineered PH models with pulmonary vascular plexiform lesions

AR O e
- L o SCERESBE
FERI AR S . 1t ARG 2 B . AR Jrg B
% o e . A4k S :
Models . Conditions for the Manifestations of . Limitations of the
Animals Methods . . . Other lesions or
name formation of plexiform lesions . model
. . functional changes
plexiform lesions
FI R TR A o
e L AR 1~2 ]
A Eglnl” /N, 3.5 AR/NR, HAE W TE T35
Eglnl floved NELY  WEMRILEE PSRN > 100 wm B9 LEE o BT T IR LA PHD2/
T Cre §3E /MRl PHD2 ik 8% th BLAAR Jog ¢ oL HIF-2a £ 5 4 S0
s e A . 50%,6 H AT
AR AR Eginl mice were %X NN il
Eginl /B . . . KK 80% .
Tie2Gro6[ 34,54] . Offspring of Eglnl  established using In 3. 5-month-old . . Confined to targeting
’ Mice . ) . ) . Right heart failure ;
Sfloxed mice mated genetic engineering mice, 8% of the leath started at 1 the PHD2/HIF-2a
with T Cre transgenic  techniques to reduce vessels > 100 wm in i Sare signal transduction
R R . 2 months, 50% at K
mice PHD2 expression in  diameter showed machinery
L tothelial Lexif losi 3.5 months and
vascular endothelial plexiiorm lesions 80% at 6 months
cells
A o Wi 30 B R S A
RO TR ek m e, g SR L
CCI0-IL-6 J [H 6 AR VB G /NBUMIL  3~4 RTTHREIL AT DB AR " o
A(CBA x CSTBL/ A% IL-6 ORIk 0 i IR 28 i K oE1e e e
ey . . - . i, SR B FEALT
6)F2 /R Using genetic  (fFTEFI) Chronic ]
1L-6 JNVER, . . . . Thickness  of  the
[55-57] . CC10-IL-6 gene was engineering It was controversial pneumonia, o
TG+ Mice . ) K . media increased and
transferred into  techniques, the of occur for mild emphysema, right th | ¢ elastic
(CBA x C57BL/6)  over-expression  of plexiform lesions at heart hypertrophy, ¢ .num )er. of elastie
. . . lamina increased ,
F2 mice IL-6 in mouse lung age 3~4 months and slow weight . . .
. . which was inconsistent
vessels was induced gain . . i
with clinical patients
FFH 3 A TR
A5 5/ R i
m ~
B P9 B2 4 i ITSN A
N 5 ke il g
LA TSN bR/ Bk BUIEURLES B 2
a7 N B a VNG & A0 BB TTSN F=A: 1 NH2 K
g o SR Bl K OTRMEIRIE S O B
(KO™™7) ZHRHE (R S ik R i Askilib ik sok T—\E%;ﬁ‘(ﬁ*’]ﬂﬁ Vﬁ:]ﬁﬁgilﬂﬁ ;%;’?TE C
N — R o) 1, Z o
1 EH ey ZEHTA ek (R B4~ 12 DMARIE *’j}?’_’ﬂ-ﬁ‘ﬁﬂljﬁ fﬁ%H‘ELE/JE;”IﬁJ
= 3 . == >~ s b7
BN, FEBG 48 hVE WS 0 B A MK AR, L AR 4 R j%x Pulm;a E')/ECS were
AW HE18d Bl PR 25 . Y :
TSN nockout/  Usi A inately 4~ 12 Degree of transduced only with
EH - IR noe Ol_l Slr,lb . gene ppTOXImd 6?7 pulmonary  artery the NH2-terminal
TSN/ 60 €31 AA- heterozygous  mice  engineering to  plexiform lesions are . . .
KOQ™V/-[0.6] Mice S . . remodeling was  prolein fragment
( KO"™ =)  were induce reduced per lung section K .
liod with EH TSN . . neludi Imost different by chronic  produced by granzyme
app 1e~ wit N 1SN~ ‘ expreslswn rm 11?(,.u {ng f; rr}ofsl pneumonia, right B cleavage of ITSN;
gene input into the m(iusel Plilmi)lﬂii. r}i zdflo‘us R hypertrophy,  the potential
lungs thr.ouhlgh the \jalblc A t}e:n ot etf orms and no  death contribution of the C-
orbit fmd injected at ;ICHS’ i N during the  terminal fragment to
48 h intervals for 18 sy gene - was experimental period  this mouse phenotype
d induced continuous

expression ( this gene
induces endothelial

cell proliferation)

was not considered

6 E-F BMPR2 S pyEE T /N

F PR 58 AR 2 35t 4% 1 il 3l ik =5 K (heritable
pulmonary arterial hypertension, HPAH) f& 3 A% 3t

AHEHE, FIEREA 1T 324K (bone morphogenetic
protein receptor type 2, BMPR2) Z& 48 J& i M4 &
LAY PAH U SE N AR 5+, 78 HPAH 5 /Y LB
it 509% ), VESh HPAH % 5152 (1 507 2 4 5
% BMPR2 A8 5 — EJ& PAH s )85
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RS, A — 7T, R BMPR2 & [R5 5335

FETET HPAH B34 HE A 12 5 B,
1A R E] 30% A9 N FERE% B PAH'® | 5t 2 Ut
R HLE T RER AN, XARFI AR N, I
BEUE R KT, R BMPR2 3 K 48 3% 1 B
i, LA EE RS e E R, BEHar,
FHE R TR AR S 8089 BMPR2 & [R5 53 19 78 il
K AR, 5 Bk R B2, nZaE A R IE K
PH ,{HLfili 1L %5 44 ) 95 A8 R B %, A A AN 21 T
g, H A MR, B A, AR
AU/ BB 2 B0 00 22 53 B G BL & FR ) R m
BMPR2 i [R5 S % it 1 A5 5440 52 il 79 52 22 e -
MER TAMEF 4 15 19 2.4 kb B9 Clai-Scal J Bt
) BMPR2"~ 4 & /N EROGHIR AR, il a0 ok Fe AR i /)
B i AR B AR T B Az /N B R R R A R
fiff £ AR BMPR2 K 4h I F 71 bp By HL55E (v
FEH B2k ) BMPR2YY™ K BTG4, T I

BN A PH AL R AE ) 45 F BMP9 3
4y 353K BMPR2 (1) BMPR2 ™™ /NER, Jiti 8l ok 5 s
REARK , I R AR A5 B0 A 700 5 {ELJE: X6 PN 2 4
MI5E 45k 2 BMPR2 #3511 BMPR2P ™ /NRRL, i
A8 P BB S T A A d 7 T R e X AR
PR AR ET X BMPR2 3 K S #5516 245 4 5 H:
EINERNIRIT R, 2 B AR AL IR Y () 2
PR EAE

5-LOX 5 5 # BMPR27*™™ K T &
/U T % 4976 728 RN T BE B MR A 7> | B 78 EL 50
AR T N AN (] 8 9 R T, AT e o B AR
7% T EE ST S5 I R HPAH B35 25 i ™
MM RS, B T XA EEAN, 8551k R &
# BMPR2 JERAS S 1) & B, X BMPR2 & R i#E 17
I S RAE O NGt R W 2 S L A A 13 < VAR =
AR R BRL . FE T BMPR2 Hp5  BE 4 T2
2 PH BRI T T 45, Wk 3,

&3 BMPR2 # ik P TR/ Bl R Bl
Table 3 Genetically engineered mice or rats of the BMPR2 targets

FRTE
BIRIARR . PH ] Xof PRI R 07 i L A4 5 25 25
Models KJJ% ik Time of Responses to the Grade of pulmonary
Animals Methods R L .
name spontaneous environmental stimuli vascular lesions
PH formation
MBS T AL AN 4 S 1 2.4 kb
Clal-Scal Ji Bzf) A BMPR2 JE[H 1) ES
SEWE WAIE ST £ CSTBL/6J /NI 4 R4 3 & (119 500 L i/ 3h
i LI O e N N R i TR LA BE B ARG T 58 A= ) 1
C57BL/6) /N B 2% 28, 77 AR il N, PRl bk 7 5 A 1L
BMPR2"" /M For 3 weeks of hypoxia (11%
BMPR /NBL ES clones of the human BMPR2 gene 2~51H oxygen ), the degree of 1%
2 +/167-68] Mice containing the 2.4 kb Clal-Scal 2~5 months  pulmonary artery muscle arization [ level
fragment of exons 4 and 5 deleted were was lower than that of wild
microinjected  into  blastocysts  of control mice, and the mean
C57BL/6) mice, and the formed pulmonary artery pressure was
chimera mice were crossed with female similar
C57BL/6] mice to produce BMPR2* "~
mice
1 9%,6 ™1 16.0%
PR 12 4~ H 27.8%
TE SD KB, I JH 98 4% % I 57 A FRPER MR 22 57,
F BMPR2 £ [F Sh i 71 bp fY 5 RN, AT TR R R Y PR
BMPR - RAVE SIS 4 4 _ 6 Ji PH %ﬂﬁﬁﬂu%%#im I level,  16.0%
o/ ATibgl69) Rat In SD rats, a single allelic deletion of 6 months Hypoxic stimulation can form positive rate at 6

71 bp in exon of the BMPR2 gene was
constructed using zinc finger nuclease

technology

27. 8%

positive rate at 12

more severe PH and abnormal months;
pulmonary vascular remodeling
months. Male and
female difference,

female negative
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FRTE
AL PR S ik PH fiif ] Xof PRI S it L A 453 S 25
Models Animals Methods Time of Responses to the Grade of pulmonary
name spontaneous environmental stimuli vascular lesions
PH formation
NS 899 i & AR K AE KAL)
BMPR Il %t K /5 Bt (R899X) I A
C5TBL/6 /N BERR , 7 42 H iR /N
BL; S MEME CSTBL/6 SE ML, T U A BMP 39545 fili 2y ok e s A1 i 1
" S +/R899X ot =
QRSN Mice uman gene fragment o reversed the pulmonary ;7"
(R899X ) at position 899 is injected arterial hypertension and
into blastocysts of CS57BL/6 mice to pulmonary vascular remodeling
produce chimeric mice; mating with
female CS7BL/6 to form heterozygous
R899X offspring ( BMPR2*™*%)
#AHF L1-Cre HE1AR R CSTBL/6J /1ML
5 HA BMPR2 45 {7 Bk N ) — 4
floxed ¥ W /N R 2428, Ff Y
Rosa26 i 5 N HET Ai6 floxed reporter PO JLF el
FE R AL AR Y R 24 32, 19 31 L- BMPR2 £ A H /N, 4T
Cre*/Ai6"”~/BMPR2"™ ™ ]I BMPO 2 M50 T P I 1
BMPR N BMPR2" /N itk KA In neonatal mice with an almost P
EC-/—[71] e C57BL/6]) mice carrying the L1-Cre Freshman, complete absence of BMPR2
2 Mice . . . ; L Unknown
construct were crossed with mice with unknown expression,  administration  of
one floxed copy of the BMPR2 allele BMP9 instead promoted
and the offspring were crossed with mice proliferation ~ of  the  inner
carrying the Ai6 floxed reporter gene membrane
construct within the Rosa26 locus to
generate L1-Cre”"/Ai6""/
BMPR2"™"™ | the BMPR2"“""" mice
HIRAEN BT 5~ 5 A ALBE (5-
lipoxygenase ,5-LOX ) A5G LA
T IEHA 4~ 6 AR B
TE F344 IR, T B % R i Wi, 3 P RG™  PHLS JAAE o oy e =
AHgE BMPR2 K v, 9 & F Fisk sy R 25% , T A OEY) e s S
N o ; —AENRIE o I 8 955 7, i L 3 B
BT 1 AR RS X A 527 bp By HE v frgad
el % PH . AR I 78
SRR YIS S Transgene of the important . .
BMPR KR . . No PH was . . After 5-LLOX induction,
/ASIThp( 2] In F344 rat, a monoallelic deletion of inflammatory mediator 5- .
2 ' Rat . . formed . . . grade I lesions
527 bp in the crossover region of the ithi lipooxidase ( 5-lipoxygenase, 5- ° 4. and similar
intron and exon 1 boundary of the Wl‘ mooone LOX), fed into the lungs of 4 ~ d{)pei?rfm, ane ls . a‘
BMPR2 gene was constructed by zinc yeat 6-week-old  rats,  developed prextlo d estons
finger nuclease technology severe PH at 3 weeks, had a 5- appeare
week survival rate of only 25%,
and often died from right
ventricular failure
B AL TR E, £ 8
JAF S, 12~ 14 Y i,
JEVSAE P TS i A SR B R
VI 4 TR L Bl 4 20
Rosa26-rtTA2  /p Bl 5 Rosa26 IMU\’/\ 4 Jj.’ DAk 0 fil 21 24
dela+ 2 AN W20, )92 s 7
BMPR2 NRAEHL, N 24 A T Lo Lo .
Rosa26- Doxycycline incorporation in food 7% WL TN 4218
ARG R ARH ;
BMPR . . . was induced for 8 weeks and No level Il report was
lelsd+[ 73] Mice Rosa26-rtTA2 mice were mated with Unknown
20 formed at 12 ~ 14 weeks of age.  reported

Rosa26  BMPR2d+

heterozygous mice were established

mice, and

Intratracheal injection of
liposomal clodronate once a week
for 4

macrophages in the lung tissue

weeks  to  reduce

reduced the lesions
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Research progress on the mechanism of acute leukemia mediated by ferroptosis

ZHU Dacheng* , LIU Yan, WEI Jiaxu
(Jiangxi University of Chinese Medicine, Nanchang 330004, China)

[ Abstract]  Ferroptosis is closely related to iron metabolism, lipid metabolism, and amino acid metabolism,
which contribute to the production of reactive oxygen species, mitochondrial damage, and cell death. Ferroptosis has
recently been recognized as a key regulatory mechanism during tumor development, including in acute leukemia. This
review considers the inhibitory effects of drugs on the occurrence and development of acute leukemia, by regulating
key proteins or factors involved in the above three metabolic pathways of ferroptosis and by interfering with the
production of lipid peroxides. We also point out the deficiencies in current research and describe the role of ferroptosis
in acute leukemia. The application of these findings in clinical trials will provide new ideas for future research and the
treatment of leukemia.
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Figure 1 Schematic diagram of the mechanism of ferroptosis
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K Fe JFe i 1 ( ferroportin 1,
FPN1) i A& Z G5, 38 2o 2% 48k T 4] 35 25 1
(ceruloplasmin, CP) %&b i Fe’*' FEHE 4 H
(transferrin, TF) 5 %% 2k 45 1 % & 1 ( transferrin
receptor protein 1, TFR1) T fijik £ 4 &
i A 0 3 T ) R0 30 i T T 1) S s A
ST 3 ( six-transmembrane epithelial antigen of
the prostate 3, STEAP3) if J/ily Fe™ ™ | —3 4
Fe 4 —th &)@ ¥ iz & 1 1 ( divalent metal
transporter 1, DMT1 ) %% iz 21| AN §a 2 £k 1 ( labile
iron pool , LIP) P ; %5 —3B4) Fe™ Wik AR hiik &
SRR AN ET 2 1 A
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A0 M A A R A T 5 IR B A B DA G
21 it 5L AR KL L2 B AR ( phospholipid , PL) X431
2 WERE & A 2 AN RITIR D5 R ( polyunsaturated
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it 19 b L AR A SO, TEBE SR A 5 UiE
BE R B A B 4 (acyl-CoA synthetase long-chain
family member 4, ACSL4) 5 % I8 A5 ok AH mal i &
%51 — 3 ( lyso-phosphatidylcholine acyltransferase-
3,LPCAT3) AR T & 1803 Wi i 119 22 AN 1 0 il
i B2 % ( PUFAs-PL ), B J5 7& I & &
(lipoxygenase , LOXs) A A= i B it E 4k
% ( phospholipid hydroperoxides, PLOOH ) , 7F 5 4
RBAEA: LPO , SR IR | R AR FE T
1.3 =EBRAH

TE GPXs Z &, A e H kit A 1k ¥ i 4
( glutathione peroxidase 4, GPX4) Fl 2+ Bt H ik
( glutathione , GSH) XM ERIET-HY I T i E BT %L
BIFEF . GSH 244 GPX4 1E Pk L FUR Y ,
SEA L GPXA 1 — B 1 AR IX %
LR SR IR AR GSH AL o S AL Y
A H IR ( glutathione disulfide, GSSG ), ffi 15
GPX4 By, GPX4 1E ]y 4 e H ik A1k
IR G 5 2 — 8 T AR SR g fe ik
GPX4 HYZRIB ] 54T A A N O/ 40 i A
5, B BN G B EVE T R e T A 2k
K, GSH Fll GPX4 P i 2 L 1R A6 b i G B A

1.4 Hft

PUAALBI R BR T R SE IR AR AR S, i
]38 RN 25 1 1 (ferroptosis suppressor protein
1,FSP1) R FT, FSP1 H & =2l i3z i A ik i
JE 5 7 € 71, v] K% 4 A Q10 ( coenzyme Q10
CoQ10) it J& 2 — & iZ I ( coenzyme QH2,
CoQH2) , CoQH2 1E K — Rt S8 4L, B H28 i g
[t A ph A AZC R N 5 48 Ak, A S8 i i o 4
PR AR A, 3 3 S GPX4 ARl 7 1 i
HHARIE T R A h R HE A BRI

2 HETHE AL B9

2.1 21488 % 8 MY (acute myeloid leukemia,
AML)

AML E MR R 23 i UK T 3 9 3 1L
T FRI TR B PN S I 20 e S B S A 2
BN EE UL AL S AML & A B BT 58k
FET- R A K,
2,11 BACS AML
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SR 5 PP 1 A& AR R A G IngkAE T
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ReBE5E AML B &AL, DU 5575 &3, WA
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6 P, ABLEI Ik, DHA 38 43 8 15 AMPK/
mTOR/70 kDa ZHHATE F S6 i (p70s6k ) 155
g 3 ORI 1 e S T AR Y
WS JERE N LIP ARVt — A it ROS 72
AN B R A S BERIE T, iRk
21 40 9 A5 ¢ I F 2 ( nuclear factor erythroid 2-
related factor 2, NRF2) 752015 4 e &= ZAE A
TEIEH W OL T, NRF2 238 Kelch # ECH #H ¢ 2
1 1(Kelch-like ECH-associated protein 1, Keapl)
SLE Rz 2R AAE Ui I 75 40 B BT T RS, i NRF2
R APRE (F 1), YU &PV A B,
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AML 1 MV411 MOLM13 . HL60 . THP1 Fl NB4 %
YRR AE (1) . Sl NREF2 B, 7] B4R AML
AT 254 X 0] NRF2 % AML 1 & 24E K R
FEEPEE

WS Fe™ i i n B AL I, i ph %
FTHI F1%% %% (ferritin light chain, FTL) 44 i A9 4k
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KR, TR AL T,
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SR ACSL6 TE 2 PERE R H I HAE7E {3 AML
BE WG A AR, R 5 ACSLe iR A
XK MRS AN RE B S , UL AML 20 Jif 3%
FEANSZRRBET 52, R H TS 22
2.1.3  ZHERAHS AML

GPX4 fE AT E AL, & B B i S fb 9y
W I AR R B, BT GPX4 Rl 1, 78 A
P ZAE B A AR P e e, B A s
I, GPX4 ZAR Z BT SR e 51 B
eI BF 5 AE B RSL3 i 5 & M8 & A I s
MOLM13 A ERFET it 5 5 GPX4 RN
FHAERSIIAY . BIRSEN 25 I BIGY Rk kAL T
P sh3F RSL3 Ml FINO2 B [Hl 4281l GPX4 3
fe(E 1), 55 ANET 7] APR-246 454 7] Hp ] 41
il AML 2 6 2% %) 40 JfL 3% 5, 7] B 240 & A= 4 5t
T, 58 T AML H APR-246 BYHT A I 9% 35 Pk .
P22 ™ 558 5 Hsa-miR-335-5p/NFS1/GPX4 i
T NFS1 F1 GPX4 kK- fE#E ROS FLE, &
F AML-193 F1 OCI-AML-3 ZH ik sE 114 . Tk
A T (Polyphyllin T ) #& [5] PI3K/SREBP-1/
SCD1 i S AN M T, F 18 GPX4 23k, W55 4i
b AL R ) I 0 g ik 24k, 41 il MOLM-
13 AHAEIESE . WANG 25 158 TR AR AR i Y
RNA LINC00618 X}i% 5 HL60 Fl MV4-11 41 il /&
ARRAE T 1 5 ) 38 A 55 I O R S A E
( lymphoid-specific helicase, LSH ) F*) 3¢ ik | 34 i
ROS FIEk MY KSF B#AK SLCTALL (k12 ks
St E A P A AR FE T pS3 MR R I
PR A L 3ife DR, e 10 o) A S - ok R e 1)
32K ( cystine/ glutamate antiporter , System Xc—)
Kok B IEERIET-AY B BY , p53 f& hsa-let-7h-5p A
HRFEN , CireKDM4C 76 AML 20 8 & o #0 f hsa-
let-7bSp FIFRIL, T2 p53 L1, SLCTALL 4% 5%
ZF] p53 A, M AR S AML 4 i & A gk
%i[48] .
2.2 A% EZHA B Mm% (acute lymphoblastic
leukemia , ALL)

ALL J2& % 95 R 2 1 v ifgg 0 B R4k e



154 R E B R 2k 2025 4F 4 A5 35 %45 4 ) Chin J Comp Med, April 2025,Vol. 35,No. 4

T-7F ALL MR rh i 5D R 30 SCHik v, ALL
FR B o AL R AR AR A T IS AN ek
BT,

P I3 40 Bt 7T 38 2 LA FSP1 Ry 0 9 GPX4
A A b >F (97 80 4k SE T G & A4EPY | {H PONTEL
s SURESE % B FSP1 76 ALL 40 2 b i 2234 )L
P, T ALL 4338 1 System Xe —/GSH/GPX4
XA R A RIET . TIAN Z51205iE S ALL 258
SRR R AR T R AMIFE T, ST ER R iz
#8511 2 (lipocalin 2, LCN2) I, 234 i1 RSL3 35
ik, 1M GSH 1 GPX4 W 7K1 FEA, (145 201k T ik
EL 20 Bt 1% (acute T lymphoblastic leukemia, T-
ALL) Jurkat 1 Molt-4 £ iy % = #RFET-, NRF2 1
FPUEAEE A, LA SN SLCTALL
GSH 1 GPX4 FF R B H A TP E A Rk,
MR S SR R = TIN 26 % B g
T PAQR3 i@ it # ] NRF2 DL K% NRF2 T il bR
GSH .GPX4 %S T-ALL CEM-C1 1 Jurkat 2 ffl &
HERIET,

GPX4 6 % 38 [ H A ) 51 A BSO, RSL3
erastin . Sorafenib . FIN56 240> , HAE H S
System Xc—,GSH ,GPX4 Wik, 25 R0 T
%, DACHERT 45 JE AU T 3h 7] RSL3
Fl erastin 1] i%5 Jurkat F1 Molt-4 4 Jitd ;= 4= ROS,
MERSE T M HI F] «-Toc F1 Fer-1 M /> ROS 7=
A, HONG %75 B 5% 26 B & H73F JE ( Sorafenib )
EAS 1L D Ph-neg B-ALL . B AR HpL k| a]
RS P AE JE AR i B B8 T 3 sh A, BE A% 1
System Xc—/GSH/GPX4 i %, 3911 ROS 19774z
FEPIET

M2GWAE T An R, A B R Ak AE T,
LOU %P7 W58 K 257 % D MEF T Jurkat , Molt-4
YRR, 2 BT f Se s S A YR T 5 S BE
WEES W [ ROS A AN GSH 7 &2
> GPX4 Fik T B, S &5 & MM BRFE T, ik
T A wE R AR SRR SE TS, BR sk Z 4, CHEN
25 (8] AR ZS BRI N ROS & 5] & T-ALL 4 il
JHT- M3 AMPK/mTOR F1 LC3 {553 %1553 H
W, TRl U8 GSH R LR TN S ak, 5 80k
TS, REFEAELE T Caspase3 7.8 Fl 9 Fi% A
AR LA PR B L7, 38 0 ROS Az 5 | 2 kB T4
il CCRF-CEM [ IfiL 5 410 ffd 3% 58, i — 22 i &

CCRF-CEM 4 =" Al % 3 [ v vl
PIBESE ALL 40X erastin AOBSUREE , 2 B H W A
BRICT B R A iz X F AL fbyrmt 25 m) 7
BRI ik, L, 25T ALL R GE 2 A
YRR T | H MES AR T AR R VR R S 2,

3 HFETTE AL A IE R HF 5

AL I RIATY £ LAY 0 3 (B B Tk T 5
AFFEAR TR e R 0, S i R 32 2 SR e g 25 4
KR ) VR s 40 B J , 40 B Xz 25 &
HB R A BT RhRE 25 8 7= A it 25, B 22 2 it 25
( multidrug resistance, MDR) , T MDR ;=4 1Y &
R R LR T 41 M (leukemia stem cell , LSC)
FEEE RN AE S P T 40 i S S0 i
kA Bk IR g B AR T
TERETT RO ANAE ", 78 BAT B 5 b & BBk BE T A1
IR AT Aa Y7 R IS 1 40 B 2 30 MDR 1)
B 5 U GPX4  GSH SLC7A111%7%) 53 Lt &5 i
KRIGERI TR Sl 5 B A A Bt . 7F BIRSEN
AT IR 9E , APR-246 J# 2F &I GSH ¥k
FEFNSE I ROS FfG Bt E ALY ok 755 AML 4 il
BRAET  TENG IR T BIF5Erh , APR-246 BX A BT FLIE
FREA L i AML AT 251 A&
BH A A6 T 38 sl 00 ] LA S P 400 i A 54 5 it
24 e 40 i ok 4k E T A R RE 2 T R
A, ATRE S H A B E AL O, IR kAT
T3 2 300 0 T 24 40 A Bk O O BA L, 4
erastin XA A L 70| System Xe—i8 B§ R 3 5
TRYT R A R 3 A 7 T, RSL3 W ad i 10 ]
GPX4 TEMAS AML Uk FE T4

125 v 24 7 30 ) I g ke A R R I T 2
PE AR R LR s S I, BA ERE T
SR REHE ORI T AL, R IR AR, TEILATE A 5T
A 2his LR BS540 i U
IO H SR A B IR AL 40HsEss 7
AR5 T LA 25 25 O [RIHE i 72 5 5 AL
MMM KA ERAET S, WA RET LAY
AP T E AR AHE I GPX4 & #i5 T
AML 4R IE T, T IR AN 2 25 i 25, eob, 75
T BENE (artesunate , ART) 0, ] 38 1o $84 55 201 it 25 1k
1 ROS [Z2K 380 ALL T 25 ™ ik, A 8
ARATAE S AL A A BT 5 T AR5
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AAFE R,
4 MNEERE

AL E—F I 4 0 5 fa B s s A A g, B
AR ACA i BT 22 SR L, R TR SR YT
HREBAL G IR A BRAE AR, I, PRZHT A A
MZGYIRIATT AL, M TS |, D8 1 24 55375 & 1A
R EEEA T ERNE L, LGkt T
I SRR IO T A AR R AR v B B R B P
SEOEAE AL 4 AN (9 ROS 77 A= FIAR i, 363 AL
21 0 Yo K BT T A R LA AT ) 200 4 5 B R B
T-AI e T3 AL BAE R R EZ A, R
M H BT TERBET-1E AL AR BF o5 T &2 B 4
F AML |, 3 &0 ALL 408 52 %:/0 , HBF5E ALL
FAEGT FE )RR TR R P
GPX4 AR 388

LTI PR A7 A A R, He— | 38 i 8 4
FET I AN ) AL 4 ARG 58 B AT 5T, H AR IR T
Bl S 56 RN 20 M A S 5 IR IR A SR D,
M PR AT FH s BRAR ST 24 R A R e BT AE
A5 , 2 7B SN ERFE T sh 7 5 /0, APR-246
WAL Tl RS b, A 5 Al ik — 20 ) W] 4t
TROBLTR , BA 22 B BT XHERBE T A AR A
P, $E— 25 T & W AL A W 9 B AR I DR 1
FH o AT 25 A B 24 v IO RO 4
VERERBET 15 S50, IF Sl IR & AT 25 8 &
T, A S R0 3 AR P 1 I 40 e & AR R AT R
F)3% % MDR VEF, 7R (b LA IR YT T B L, LU
WIS AL IR AR R E A AT,
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TRIM13 75 PN Jo W Jo 12 45 ) P 99 48 ) A 5 950 1Y
R REE,ERAE, EWH
(LITEAL 7 BB S R e OB T 3R 0750005 2L 2 S MR FRISE T 1L 3K HT 075000)

[HZ] P BT ] R G A A AR A AR DML 22—, 323 sk P J5 o R X o i R PN I )
W R 25 A A S PR I P A R T B 2B LR OB . =5 3626 1 13 (tripartite motif 13, TRIM13) &—FE 7
TR A E3 2 3G SRS P AR P9 5T A DGR o B rh AR E BAE ], e Ah TRIMI3
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Role of TRIMI13 in endoplasmic reticulum quality control and
its association with diseases

YANG Shiying"*, RONG Yuying'*, DONG Yuehong"?, JIANG Lina'*"
(1. Department of Immunlogy, College of Lab Medicine, Hebei North University, Zhangjiakou 075000, China.
2. Institute of Microcirculation, Hebei North University, Zhangjiakou 075000)

[ Abstract]  The endoplasmic reticulum quality control (ERQC) system is a core mechanism for maintaining
cellular homeostasis, which primarily mediates the degradation of misfolded proteins in the endoplasmic reticulum
(ER) through the ER-associated degradation (ERAD) and ER autophagy ( ER-phagy) pathways. Tripartite motif 13
(TRIM13) is a protein located on the ER membrane, which plays a critical role in ERAD via its E3 ubiquitin ligase
activity. TRIM13 also acts as a non-classical ER-phagy receptor to mediate the occurrence of ER-phagy. TRIM13 has
recently received extensive attention in the field of ERQC. Here we review the structure and function of TRIM13 and
the mechanisms by which it contributes to ERQC, and summarize its abnormal expression and regulatory role in
diseases, with the aim of providing new strategies for the treatment of related diseases.
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N 5t ¥ ((endoplasmic reticulum, ER) J2 41
WERKMERGEZ —, ERE RGN &
HEG T, ER fEIEZ R T, N5 T
) AL RAR TN LA N B & o
FECN B M R (endoplasmic reticulum stress,
ERS) , T 5 | & — Z: 51 4 Ml D) RE B i AP0 . N
TIREFAESE ER BYIEH TIRE, 41 258 i o ot
W A1 ¢ B f# ( endoplasmic reticulum-associated
degradation, ERAD) I A J5T ) [ 15 55 P 5T ) T
7 ( endoplasmic reticulum quality control,
ERQC) ML A s D RV Bk 5 o 1 48 1 B, DA T 24
HFHENES, = FEFPEH 13( tripartite motif
13, TRIM13) j& TRIM & AR EH I —b5, BA
E3 12 RIEHRGRTEE JF H S 2R & Bk
JEEDIR G, A — Bl 2 T N BB Y 28
F,TRIM13 5 ER i 3h % V141 3¢, HoAe ERQC 12
e RIFH B EAEH], IRARTTHZ 5 ERAD Al
I A A 73 FHLHDRE S ERQC BRI S g
15> FHE 5, 1 2 56T TRIMI3 7659 1 AF 5T
TR T AT X8 A OG5 i 1 B 1] 9 7 SR Mg 4 it 1
BUERE, A SCEER TRIMIZ P45 R h fig, I 4
S5 AR ERQC FIAH B Hh A O 58 5%, LA
PEXS TRIM13 Kz H A 52 9 ¥R 97 v 0 A 5t B9
PRf

1 TRIM13 #Ei&

1.1 TRIMI13 HER R AHE

A2 TRIMI3 gt 3L A F 13 55 e fafk
KB 1 X 447 (13q14) ', B XA B 41 i 18
JH 41 9 I ( chronic lymphomeytic leukeamia,
CLL) &l J %3 w7 53-8 CLL
LB ) 13q14 17 05 1 B I R 2R A7 TERE A
¥ A4 0 LEUS™ . B F TRIMI13 7€ CLL
e de PR, TRIM3 5 ) o R R 78 11 Il
HRR S ) “ret $§ FE H 27 (ret finger protein 2,
RFP2) ™, SR IF 4E 4 4~ CLL MR & &k
TRIM13 [ k2%, {0 58] 46 2 Wi A L, TRIM13 7¢
CLL gk e rh 23k BT . i TRIMI3 HiA N
& CLL s e 4 il IR 5

TENARH LR TRIM13 A 270 3 Fhok /N5
H1.6.2.4 F17.5 kb ) mRNA 7Y 53X 46 mRNA
HABEMHLR 25, /MY mRNA

RIFE S2 U R KB 5, T 2. 4 kb (5 SACTE
BN RS, 7.5 kb BYFE SEARTERR B # L 5
NN ) N PN S NE 2 N N A S
FAESAAEE

1.2 TRIMI13 W5 FEHSIhEE

TRIM13 J&F TRIM & FIZKE T — R, %K
AL 80 2R ), KR4 TRIM & i 3 4
TR ST ZEARIRA A , 3X 3 MR SFEE RN N S
F| C WK R & RING £5 #4938 ( RING domain) | B-
box Z5F4 35, ( B-box domain ) F1HR i€ — W2 JiE 4% F4) 4,
( coiled-coil domain) , Rl , TRIM 25 FH i PR
4 RBCC Kk, iXx 3 M543 i HAT A TR A 2
fig, Hor RING 254030 & A AL 07 450 FE 4 i Py
RAE B3 REEMMERT B0E A R
) TRIM & [ = RING 254445 ; B-box %5 I /&
R B - A AR AR, AT LA e — L 5
A5 TRIM 2 04 [R) U5 ol 55 5 55 3R k5 1R
e — BE e 45 F B A T B i B o) T A5, TE I
AT R R AEEZEAE S ) TRIMI3 B TR & —
A~ RING Z5F938, . —1~ B-box 4544 38 il — 4~ 12 e -
WETELE IR LA, 70 ELAT — 0 R 1 5 5 235 4 35
(transmembrane domain, TM) , % 45 ¥ 38 76 Fr A
TRIM #& F K & W 51 b H £ 78 T TRIM13 Al
TRIMS9 H11°" TM 776 A TRIM13 75 DL &
FEP TR L (1)

SR TRIM 2 H B A AH R W 254438k, (HE AT
HAERFMIIGE, AR SR, K25 TRIM &
A 2 BT mRNA |, I H AR50 %5 | 1%
RWEMS SRS EDIaE , ok 2
FRIIE R 22 W, TRIM 28 1A 5 EL AT e 1 B2 22 A
YER . 78 B W J7 m, LR e 5 1R R
TRIMSS et S R4 AL EAE AR 1
( sequestosome 1, SQSTM1/p62) FHAEH , TEHELL
WLH IR ALY A 2 2 AR P J5 R i ; TRIM63 e
AL p62 AHEARE T, P85 00K £, Ik AE 52 14 1)
JEEE AN, BT TRIM R H B A B3 32
R REMG R, R 07z R AL 1T LA AR TE] 1)
A TR s PR AL #7555, Ik, TRIM 2
I 55 28 o A i 2ok B 5 YDA G, i TRIMILL A LA
1 1 72 B E B R S8 (ubiquitin-proteasome
system, UPS) /-S4 BaAZ M4 i B &5 1= Pr & 1
EEME A RERGREHE " HEERNE,
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Bl 1 TRIMI3 £l
Figure 1 Structure diagram of TRIM13

TRIM13 PRI 45 B4 SV 41 j9 52 A3 K T g 2 06 1
Al Ll ERAD FIN 5T R A Wi 12 A ER H i
HHRIT S E AP 75 ERQC 42 3 T ) 2
KVE,

2 ERQC

ER &~ A B 12 0 A RS il NS 4
B ELAT il R 455 ) 3el RN T 6 B AT B B A A i rp
TR Wi 36 K 2 85000 Wb B A RS EE L AR &
B AL REE IS SR RS E RS AL R
TR RS EEY A i M — T
IVEH

ER FRS 1 245 0 T P47 41 e At B A A P
M 2 O ZE , SRIAT, > 40 M Ak T S o A DR A 5
TR TR T, L H R 7R AL N 3, B Bk
= RAE B S N R B B, B R T
FES B, A0 R BE & & AR 3L, ER X
BT SRR SRR, -5 30 H A R
BRI E" | R X RIS R S
(AR 1 BT AR B ST B, B 7E ER R AT 5
& ERS, ERS A5 Z g (468 E Q3
ZEAELFNER B AR ) 1 2R HLENAE O, i85 5t
BT A L (AP = ) i An R sE T A 5,
HIE, e RR A0 M B ER RS 2 A0 P AT H B A T
REMIMAEZE, A T — Hbs, AR T
— A E A R R E—ERQC ARG LA
B9 P RIRE R B A DR T S B 1 IR
2 MY ER BPhRE AR

ERQC BV ER H (%) 8 1 ot o 45, iZ ik 42
MR T B BN R R A, LA AR ER 25
Pr & iz i 2 TR R B 7E ERQC
T JEgGE S ER AR AT S B AR B
IR B IER AT S8 % 0 8 1 BUR R ERAD 84
JE I g A 4 )l B ) AR i v A R A
ERQC #iif7E ER HE H & iz MFEff gz

] S Be T AR 2 1, DL e AR k4 & M R TE 1 1Y 2R
H o3 W, [) I AR BHL 1 3 R AR H i F% iz, AT
TR Rl M RS Y e e

ERQC ji i i 25 11 5 46 i IR 28, o DR 4 i
P78 (2R I 0 A s b 0 R A 0 X bt
BT SRR ™% e B OCE Y,
AR B 1Y R 1 BT 2 7 R L R R R AR k)
IR NI A N - B i S e
i 3 55 At 240 R ) e R A S BROG i 4 i )
BERIREER Y DRI, ERQC 2 LA 40 o 714 B i
P18 8 VN e 20 B RS A Y OG5, LR P AR A1 2%
SRR KR, B R B, BRI S I R
HAESRER AN S & B A BER
AR X BT B AR R VF 2 M 22 B AT PR B bR S
QB R 2% BRI A4 AR SE S BRI Z A a1
PURE A S R I S IR B 1E ER JE LR &Y,
UL 4T e & 3 BUF A ML 5 s R
S s N it ER B4 & RE i 23 AR
ER JF-% 80 ERS MRS B 4 Mg oy, Wit 5 8 11
RUWE PR I & J X et iy ERQC fiE 1 IR
B8, P, ER VR 8 F 5 AR W) & A KA
Ho B s P T 4R A FR S B OCH 2
2.1 ERAD

ERAD Eh—A%& F 2 EHIH ERQC i 42,
T Z LR A R LR, 7 R B IR
S RIVE SRR A IR T S LY I BN
BT B b 1932 3R i I A 5 R B IR T g
TEVUI A8 J 0 5 e 1) DU 2 30 e 47 391 PN o )
JESER 240 L B, V2 3R 0% HE W A G D 2H O 1 I &
P o 13k — 2D R, — H B ERE T PN ot R I
MUBR T, IRtz KA, AN o 2 48
(cell division cycle 48, Cdc48) & H & BER:H 1 —
&= B R IR B§ ( adenosine triphosphatase,
ATPase ), p97, X % & % & Ik 8 H ( valosin-
containing protein, VCP) ,J& HAE & 549+ 11 [
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BEA, EMNTUSE RIEWIRY LS, FIH
ATP 7K fife 1) BE 2K 200 it N ok 2 B2 AL IR )
BRI, TR JEC 8 DA A 5 I JEE e iy B
ROk I L v 1 2R 1 AR U I P B X
H R = (K 2) .

W9 &, ERAD RE18 18 it 45 il g o1 AE W &
B e T ER R B4, It Ah, ERAD &
il 1,4,5- =W R WLEE 3Z 44K (inositol 1, 4, 5-
trisphosphate receptor, TP3R) 45 i P4 45 i i& 1) F=
JE S R RS M Ak e
ER FZRL A 2 [ 1) 322 fl 457 5, ol 1 E BH 2
ERAD #1192 . FE 5% R G 1  ERAD X & &
Hr Y B bk EL 400 1 B D e G
X /NI ST 2 B0, ERAD AT-{a] 56 5 1 43 1) Bk 2
T FEUNRRIRIET, XL 558 T ERAD
FERB AR Y Fk, ERAD Az
BG40 g A B 7= A TR 1 5 ]
2.2 HNEM AR

PSR 0 2 — 25 8T & B ERQC i848, &
AT LA RS PR JIG 2 3r & i 6 ERAD A B bk 110 4l 4
Pr&oURAE M P 0T W B 1, DA ZEH7 IE 5 RN 2%
FF ER Msh& P B4, o H 2l
FLsh, B 2t Ak s Z2 AL R 8 5 AS TR A9 P o
P A, B YT L e PSP A
DPSE Aok i RN A S CISHER
HIER 2 ER BB I SIS IARL G e &

ER BN FRY 5T 5 76 A BT A B e b 8 AR I
BT “ e o3 ER HE A Bl A B N LUK R
fiff s BEL e i P ST I W B A 4% S ER Ok
TR A BE L R T R IR LR A

PBTI 1  AE BE Al AR D AR I T RS R
() TERL AR T, QN5 K SF P 8h s iR & 8
H AR R B I S L AL Y AR Ak, BT s
BB FEGE R b, N B A R B A [ /Y 2
fE, 15, ol Mg dE ER I8 N8 1 R AR s 1)
FEJS IR %) 35 11 BT A 3 LA 22 /i ERS 5 IR ERS IR
S REN MR 5K i B R 3 ] DL E
o B S 22 AR N B R 355 ER 1R /NI 4EF
HAFaE™, W E MR REAE 52 ER R H
JB 1% J5 e K R 3 04[] P e ek o 7 400 5 oK
P # ER 4549 50K ER ¥ 3 A ) g 1 i Mg
U AR SR R R AR AL B R AR, YR
D] 15 5% P 3 ok e A LAt ER A B A28 T T 0 R 1)
A EEFORER AR

BT R0 [ A Sy — Fh e P B W, T N B
W IG5 SZ A R A 3, 22 LAY PN B I T 2 A 4
Jr 50 A0 L 2 % 134B ( family with sequence
similarity 134 member B, FAM134B) (MR & H 3
L(reticulon 3 L, RTN3L) ,ATL3( atlastins 3) 43
iz HEH 62 ( secretory translocation protein 62,
SEC62) . 20 fd J& 1 ik & A 1 ( cell-cycle
progression gene 1, CCPG1) FlE2 AL 18I [ 264

2 ERAD {53 THL
Figure 2 Molecular mechanism of ERAD
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(testis expressed gene 264, TEX264) > Efi154k
WP R YT, O HLAE AN ZEdis h e #5 C R
FHo Bian, FAM134B A&k b9 410 i X FEAR Y
FAR SRR R il Jieb 73 0 A= A T 7, S AR Bl 3R
IR RS, T M R P AR LD FE B
T, A WF5E & B RTN3L 38 o 45 595 5 A (1 A1 45
F 35 11 4B ( non-structural 4B, NS4B) S fiff I8 P4 %l
HFRJ%7E (hepatitis C virus, HCV) FJ& 1] , RTN3L
MFERS S HE HOV IMERE DT s BoB ik os R 3L,
IR ATL SR B F 1 e i b oy s A
Wik I, 5 AR IR OC i A 2B Ak Rl I 2 s, OF
HAE Rk N ZETE B 8 AT 8 B (amyloid
precursor protein, APP) it B[ /R 15 BR G S i s A
F AT UL B P 5T I W32 A0 T R P 5 I I
Al fEiE APP AR, DMTZE fgRE R > BBk, P9
W W5 N 2 A R AN PRR B U AR DG . It o, i s
LY PN BT I ) W2 P ) 2 1 9 728 iRk HE i i
JE AR AL A R 2 v S BRI PEbE
PRIF o AN, P95 ) I3 TT L 2
T 4R AR, ARG R, N 5T ) 1 15 AT DA
TR ER TIRER 4EHp 55 P-4, T T 44
ZIRE

HAEOCT ERAD FA 5T M A W 1 73 1 L
PRS2 3 TR B2 1) ¢, B E3 2 RiE
FEMES PR A AR 28 My BT M I SZ K TRIMI3 75
ERQC & E T BB oE A

3 TRIM13 5 ERQC

AR BT TRIMI3 BEGE TR A, & AR
ERS J& TRIMI3 (k2 LA™, H TRIMI3 £
1958 ERS 75 S0 H v U] TRIM13 5 ER )
REMARAS Z AR AR . 1 H TRIM13 E 3%
TN BT B B 2 A A ke T AT 2 5 2 R
ER 3353, JF 5 ERQC % UIHXC,
3.1 TRIM13 5 ERAD

TENEFLSh A, =078 10 5 AR 2%
B2 RERERS ERAD HI¢, 2 52
RIS E3 12 2 45 72 T LR
W R OME oA & R MR E A
(' hydroxymethylglutarylgo A reductase degradation
Hrdl ), A & A ¢ 4 H TEB4
( membrance-associated RING-CH [V, MARCH-

protein 1,

IV) B 78( glycoprotein 78, gp78) IR 7 E
F 70 B %L v E FH 8 H ( carboxy terminus of Hsc70
interacting protein, CHIP ) %5 B 5% % PA,
TRIMI3 j2—F1 25 ERAD Wy #i 8 E3 12 K % #%
it , AT UM RING S5 K950 51 ERAD 1 IE4)
CD3d Ji i 2 [ A0k F R ), Bk 2 41,
TRIM13 i£ AT LIS VCP 4525k ERAD 3 H St
ULYE, £ ERAD H[a], 75 2 VCP 512 Rl & A
#H H 1 (ubiquitin fusion degradation protein 1,
UFD1) #1 ¥ & fii 8 H 4 ( nuclear protein
localizationd, Npld) & &4 — iz KL E A M
ER w40 T 2T AR KRR

TRIM13 i4 25 54538 38 ( Cavl. 2 3HH ) /Y
ZHEN, TERA I Cavg FAAERITEN T,
Cavl. 2 I E#; TRIMI3 (Z £ Ab5 2 5 ERAD Z &
Y derlin-1 1 p97 A EAEM , e 205 30 1E L )
B AMHA B TR, ALTIER 28 8 1o i s i g
ER ({7 RIEEIN — T4, IR Cavl. 2
A 1z AR LR TRIMI3 23530 Cavl. 2
I AL 3 A, T RIR Hed1 B gp78 1% 4%
it 50 . 25 AT T8 1972 2 AL ; JF HLAE Cath. a
SRR L (I8 8 A R 22 2R G i LS B ik BE 4
JHL) A BUIR 29 9% R AR & B TRIM3 7] L5 A 8
Pk Cavl. 2 BB RAEILICHE . [H Ik, TRIM13 2k
T Cavl. 2 B {Z RALHIRILA SN R
3.2 TRIM13 5KX /R M &5

TRIM13 J&— Ff 45 28 i 1) P9 B ) 52 1K
WF5E A B, 28 L By P 5 I 52 A R, SEC62 |
CCPGI1 ,ATL3 #1 TEX264 ¥4 TM FAM134B #l
RTN3L & A W i W & [ R 8 45 #4) 38 ( reticulon-
homology domain, RHD) , RHD £77£ T P it ] i /1)
/NI v DB 5 5 Bl T 3 s 27 A
fAEMEMEEA 1 5 3 ( microtubule-
associated protein 1 light chain 3, LC3) i} y—%23&
TR 5 1K #1 5 #£ A ( gamma-aminobutyric acid
receptor-associated protein, GABARAP ) #H &./E H
2R3 (LC3 ( GABARAP ) -interacting region, LIR
(GIR)) ™ [ EfiTaES LC3 45415 A K1 IE
B LA FE N BT W, SR, TRIMI3 R A&
LIR 8 GIR, [N IL AN RE L% LC3 45515 % A I
PRfgE ER, {HJE TRIMI3 1 —Fl 3 12 Z 4%
iy, BATRERS T2 R AL A B MHAB R Y RO RF R 12
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R 5K B S AL 7 =R 6 A5 (K6
K11 K27 K29 K33 K48 K63) .1 /> H i & 2 or
FOMD) AL ADHEBRN A (GT6) o BFFEARI, 4
TRIMI13 il i K63 13 s.12 K AL IRt W R A,
T i K48 v 1532 Z ALK b 8 AR

W52, TRIM13 REAZ T 5 p62 45/
U B p62 C o O 2 E g A
(ubiquitin-associated, UBA) &5 #35, H: UBA 4544
BBETT DAZE & K48 iRz Ko, ] D25 &
K63 #3007 255, (B K63 Rz X HA
WEZEM T A, p62 S BATRES 1.C3 25
A LIR, R, TRIMI3 2 £k )5, 5 p62 1
UBA Z5#3845 4, R, p62 1Y LIR 454 b -
[ LC3 , B 2 R W ZE fh A 22 ER JE AR [ WAk, 4R
Jei WA 55 A il 45 1 B ) W 5 Tl A LA 58
XTI R (3) .

B T VE A P9 0 ) e A2 AR A S P 5
S, TRIM13 82 5 A BERIIE 5L, B W iR 1 A=
Wk AW AR, AT i E SRR (B A
Tk R | SR TR S TR R R 25 ) LA N A
(R AR A R T el = ) (TR
WEARME A TE GY 2R 0) 41 i
L AR B AR S A S R 5 S5 &, ]

M A WESZ RS B S & sl & Bis4l
MLl B W AH ¢ 85 H (autophagy-related proteins
ATG) # #1553 A Wi A= Wy & A A i LA A
“ A WRIAHAR”  ZERERET RN A MR AT IR Z5 4
( pre-autophagosomal structure, PAS) . TEEEREHT
I EAATE 7 U8 AL TS ER 25 U045 ful iy [X.
S (B - ER $E AL s ZEMFL S, A AR
(B LR T ER W45 F 3, 2282 5 SR AOM 5C
(X3 ( ER-ZeRi R e il 7 ) 10, A WA 2 p
— BRSNS 8 R
(LB KR AR L . e FLsh ¥,
FES 05 S il ER A ROl i 156 JUL A - 3 -3
fiff ( phosphatidylinositol 3-kinase, PI3K) & &%) 1
() % A5 1% LB 3 — % BR ( phosphatidylinositol 3-
phosphate, PtdIns3P) & S 454 WP B, 1% 4514
AT LA X FYVE 2544 38025 11 1 ( double FYVE-
containing protein 1, DFCP1) JE IR GG, FK R
QO &, B B B IR AE Q IR B9k I M5 A W
0T BFSE K B, TRIMI3 RE#5 5 Beclinl (BEHE
ATG6 HIMFLh ) R IR ) DL R Wi 25 1 0 16 34
( vacuolar protein sorting, VPS34) #H H. 1E H,
Beclinl il VPS34 JEMFL 304 PIBK &4 1 /Y
O, T LATE F AR E i A rh B s S A

B3 R A bR AL
Figure 3 Molecular mechanism of ER-phagy
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QO VR B B B B A Bl R sk A,
TRIM13 &% & BLEETE ERS &4 F 5 DFCP1 3t
FE7,DFCP1 & 0 i — & 7 T Q IR & i,
HXF T A WER A AW 2 A JR e AR A A

ZE LFriR, TRIM13 AN 3G i H A4 A9 IS 4
BRI FALH 2 5 ERAD i #2, if/E N AEL
P T [ Az A S 5 ) AR T AE B
WEAR B o R FEVERT . IIE, TRIM13 7£ ERQC
R HAEEAEN, R Rk S X R
FEAE RN R 5 22 R i & AR R R AE T

4 TRIM13 78 < & 5% H B9 1€ B

TRIM13 iz 5 5 — b g 410 1 [N 7€ CLL
H A B, DRt K AF A b T e B e
HIVER, T4k, 56T TRIMI3 76505 Hh B 0F 5%
B 22, HAE ST Jy TR AR A A A2 3 ¢
TE, T TRIMI3 7E A [R B B9 VR, AU
Bl T Imgont 43 AL T B B 3 A A S 1Y)
LW T R HE A R
4.1 TRIM13 5phsz

TRIM13 #{ K HLTE CLL £ K Mo 80 4
S I L 968 RN R T 4 R 40 S Ik O 9RE 4 22 A I
A R T R IR T AR A Sk S R | 10 SR
LSRR A B A HRGE S IR R B
AT BRI N A W5 R, TRIM3 7E
A€ /N 4 B Bl 9% ( non-small cell lung cancer,
NSCLC) A FEAK, M #E NSCLC 4 it 3 3 o
TRIMI13 823K I 2375 3 4 0 4 T 1 BEL A5 ek g A=
KU 2B 05T & B, TRIM13 7] A3E 5 38
Kelch F£ 3R A N e AH CEE 1 (Kelch like ECH
associated protein 1, Keapl) - K F E2 F5 K+
2 (nuclear factor E2-related factor 2, Nif2) 15 5 1@
FEA T p62 17 F Ak K 5 5 it i A ML by B
AR E RS T  TRIMI3 125K W AR,
I FRIK TRIM13 w [ g 20 g 1) 1% 28 T 45 g
F¥ L AR R TRIM3 Y 5 Kk iR &
R4 wlJ5 =, R BT TRIMI3 A9 i 983 30 il
YER,

4.2 TRIMI3 5#E

SCHR 7, TRIM13 AT DA 3 ok 5 1) o Jeg 36 5E
A7 3 1K A 22 A F 6 ( tumor necrosis factor
receptor-associated factor 6, TRAF6) 1 4 4% [H

kB (nuclear factor-kB, NF-kB) 1 P4 i il 8 = W
i A R i N s R R S Ul SR 1/ 2
TRIM13 7] IS5 8 R 15 3K [ (retinoic acid-
inducible gene, RIG- 1 ) F1J& {8 2 9 4 fb AH G 3
5 ( melanoma differentiation-associated gene 5,
MDAS) FHEAEHT, T 15 9455 MDAS 44 1
T &K (interferon, IFN) B9 7= X} F15 3 B
BIRPEOCE EY, BRI Z M, TRIMI3 W1 3 15
THZE 5 K F 3 (interferon regulatory factor 3,
IRF3) \IRF7 & TR R A G EL A e 4 i &R 1
(interleukin-1, IL-1) [IL-18 FIAP G IR FE A F o
(tumor necrosis factor-or, TNF-o) FJZR 3K, 7E R AE
P T R R AR YT H TRIMI3 SR & 1Y
RAE I 5 A 18 A OCUY S FE B g 40 i
TRIM13 A3 iz 3R 5 1 4 it A1 3 ) 2 5 400 il 28
i DNA 13 5 H 2 — I H IR ( cyclic guanosine
monophosphate-adenosine monophosphate, cGAMP)
SR RAE R
4.3 TRIMI13 5H R

BRI A I, = B IR R TR A B/
SR B KA RE AT TRIMA3 %38 LA 5
JF X 324K /B (liver X receptor /B, LXRa/B) il
S5 SMEH T 1/3( suppressor of cytokine
signaling, SOCS1/3) H{Z 28 1k 1R fift , {7 15 IH [
e 47 Dl AR A AR 3 P R A 1 B BB i, DA T
SOV 204 TR R Sl o R R A ) e AR
W& L, TRIM13 2 5 40 0 1R 4 0 5, o 3%
IKRTHG AN E AR pS3 AURRE T T AR AR 1
B ( protein kinase B, PKB/AKT) 1% 4 5 241 ft
P BAh, TRIMI3 34 AT 3 5 345 b 22 4% i
J 25 B KB 5 S 0 R R 2 2R 8 4 4 F
B 5 AP, A B TR AN AR AL BEgE
KB, TRIMI3 335 96 2 15 18 e BH 28 18 fili 4
(9 &L, 1 3k TRIM13 nT &K Py I I 384
PN S5 0 [ 5 DA T 400 ) i 96 b Bz 200 B R T, % i
PRI TRIM13 ZERE DR /N B 4141
1 % WE /5% A6 4 K T B-1 ( transforming
growth factor B-1) Il 3 19 "B 2 JE 40 Jfd v R 91, i
C/EBP [q] J% 5 1 ( C/EBP homologous protein,
CHOP) Y15 Ei, id Zeik TRIMI3 Al Jsc e pit K
o B 15 1) I D 2 1 B, O R 9 CHOP
WK B DIRg, BT LA, TRIM13 R4 8 DRI B 11
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s BEA: B AR 38 0 2 AR AR ML AR N R R
HFEMEH,
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ER 1E 85 14 537 B R 20 25 1 375 B ] AR At
W& B B TR PR sh 3 el AR H R A
B TR AR, DA 4 5 a8 5 H D Ag , Ho AL
JEHE A, ERQC &ML 2 — 8 i i &
B A E RS S R T BE , DT PR TIE 40 A Y 1E E
ARG BN, A AR N TR L Y 3 28 i P o
H WAz 1A TRIM13 V5 —F £3 12 R E LG, 38 1
ZFHLH =5 ERQC ' ERAD F1 P4 it W [ Wit izt
TR EAERRAIMN ER MRS h R ¥ SCHEVER
HHiT, T TRIM13 7£ P 5T X D fig v i 25 22 4E
2B T Ok 2 2E 3 1 O, A A HAE ERQC
W VE B B AR Z A IR, {H TRIM13 7€ ERAD i&
12 Hh B ELAAR AL ) B LA A TR M 5 3 3% v i
FIANEIRA, LU, R B4 il & TRIM13 4 5
B P I 1 I LA K2 TRIM3 A5 18 P9 J5 99 1 e 1
FHOCEEH TP EZAE WA friE— 2 W, 5
SERFGEIN OGTE TRIM13 5 HiAth ERQC AHSCHE H Y
HHEAER A # A ERQC 1 A9/EHIT T4
REfB A S PR PR 455 TRIM13 (4 A5, A SE B0 1Y
TRYT R R TR AESY TRIMI3 (1 4E 94 1)
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Ameliorative effect of exercise on Alzheimer’s disease and related mechanisms

XU Mingsheng', SUN Kaihong®*
(1. Department of Physical Education, Yangzhou Polytechnic Institute, Yangzhou 225127, China.
2. Department of Physical Education, Changzhou Vocational Institute of Textile and Garment, Changzhou 213164 )

[ Abstract ] The pathogenesis of Alzheimer’ s disease (AD) is a key research focus in the field of life
sciences. Exercise serves as an important intervention for ameliorating neurodegenerative diseases, and aerobic
exercise, resistance training, and multimodal exercise combinations have been shown to significantly improve AD.
Studies have shown that the pathogenesis of AD is closely associated with the regulatory effects of exercise in
suppressing inflammatory responses, optimizing the activation of astrocytes and microglia, promoting hippocampal
neurogenesis, and improving blood-brain barrier function. This article reviews the effects and mechanisms of different
exercise method in improving AD and discusses future prospects, with the aim of providing a theoretical and
experimental basis for the role of exercise in the prevention and treatment of AD.
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FERRZE RAE VA S AD TR b g A E 2 3 T
JZ R, W R 18 B IS B RE S 3 PR AR
MZE S E K- e s i A A RS i L AR
LA R 10 77 A= DL SR T 4 928 A B ) 9% 2 3k
PRI R G ROCR L AN 2 Sk B
PR Ao A Pl o AR AV B | g R A 2 T AR
A SRUMITIRE AD R AR

NI J5T A LA DA T %) S 2 T A, LAY
PR A2 R A T R AR DI RE L 2R, /DN
J BT 2 M R B — T B A 2K 11 (amyloid B-protein,
AB) BEH ) B L 1405 40 5 43 F 45 52X ( damage-
associated molecular patterns, DAMPs) TS A
e N OH 5 B TR G JoT A i ) AR A RS S 3
M2 gAE S RIS/ NI T AR S 115 S 1% 5
BLIXT T2 AD Kbl RAEEE XL, 153)
X H 28 R RE AT AD EAT B A 5200l 38 5 52 00
R WL A2 0 JLAR B PR 57 A0 S R 4 L ek
AENRWT S B AR S 2 B LA KA K
PEAPTR AR T FRE R BB RAER T I
L300 3 D 383 4 1 A G 1) A Ak 4R 4 i BT | 3R
IR VT /DN RS BT 40 L R R T G SO A4 R, X6 Vg
SRR SRR A2 Bh i i A e R
i S AR AR O UK 1 5 e % T RE , IR 08 AD
M F ) 9 i A ORI b 25 B R ET T )
Hb I AP RAE PR 1 A KR 2 R SRk A B
TR A o i e 5 1) 5 R Pk B sRIN RN D BE, 2
ADY LR B TR AT T S RGBT R HLA
XoF R ki A4 28 9 A 1 5% Wik LA SOkt 1 pft 28 A
I Pk 5% 5 2y g B 38145, 2 Bl AT R AR R A AD i
FEMGEVE,

MHT, A B S AD WAL B> R 5
PEZEIAR . BT I, AR B 7 4 TH i AN [R] 12 3))
TENGE AD H AR R WA Bl 28 RAE | Bl 48 A
LG 57 B S5 A AD i Hh A G B T, O R AER
V2 Bl anfa] 38 25 98 45 i 28 90 Sk Bl iR AD, DA
WA A N E A M Az 3R] SR 25 T i
TG T R SR AL SR Ty 1

1 EzhX AD I EER

1.1 HEHEIEHX AD B EIER
AT — PR B AR N IZ I R
TR T 8, A WEFEE i e A AR TT IR B

FIEHE AD B3 HEAT I 24 A, B 4 9k, BRIR
30 min (AT T, TRIE 45 R Wow , R
[ 6 min A4 TIHASEOR H % A 1% T sh e )14 B
FEi , R B E S fRORS #iUR S KA ( mini-mental state
examination, MMSE ) I 573 T [ 3 0 15 2] 9
L, WA, J—Ii 5 R 8 44 AD HHE 5L TR
09 4 J g oy VR 28 LI 2, 38 20 38z Bl oik
FRELEAT A, 15 28 08 B i R HR A 1Y 40% (9146
R 2 km/h, AR FFEE RS E] Ry 20 min) ', i
NG AR R AT PR IR B P WP AT, B IR
30 min, :F22 3 A~ H, AT 3 CE A AT A 2
fig, #E—LRBFE MRV, #1786 A B
5K, IR 30~45 min BB ATHRMR , REA R 4E 22
AD B35 H # A TS R 71 AN DR iy T B, IFRE
TEABATT B 420 Y KU1 3 B A 5T 45 SR 3 72 4 iF
BT A TR TG M AERE AD B35 AR T
R HAEEE- .

2 A1T 4 82—k eb o AR E A
SR T 3, H AR LRSI, 45 S A AD AR
o —TW T R AD B A, — 4
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ol Frgk 3 A A X IR NI # T I iE 3, 45 R 3R
., 25817 4z AD B EEINAIIRE A
BEBGE X TRE AD B, — TN 16
JE Rz s, B s TR B AL AU [ A AT 4 L
TrhER A Az 8, B 3 I, RHR L b (AR R
WeReEINIhRE Y . WA LI, &t 6 A
R AESR B AT A is sh ARz s 45 & T,
BAREZEPE AD 25 N7 3 K, &
R 20~50 min AYERCHR , HoON N GE ) T RER MU A
JT SR, A 45 A iz s B ROR 5 B gl B i iz 3 4
F , o R AR R 2
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ARBIHEX DA N EE, X TR GG
B RE TS TR — N
FAR R ERE, M TR AD B kUL, A
A5l Hee e $2 4t B 8 M 1 v S0k A iz
By, TG AATT A8 AR B U il R A BE FRURR ) 52
1.2 #PRIEEhIT AD M E(ER

EEXF 24 A ¢ AD FBE AT RE iz 8l T
TR AT TR A ZS 20 B, 25 SR R, AN [
B 232 8l T30 2 % AR D D e 7= A= AR AR 52 T
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Horp Bz sh R isE AD BENAIE A
Rz sl 7 2 (R B AR T U7 R 09 B R A
72.4%) " FE—TESE T X 23 R AD &
FHUAT TS B2, A R AT 3 R R
ThGEg, s A EE g T R
FH—Z G0 VAl B 1A A B 19 7 125, 4 475 A B 9% B
BRI A 2 min 2P AT I ATD A
REJIVEAL . 4R A, ibiz sl s AD A R AL
Py T 0 A IS B RE S A R R, it
Sb, KB Rz 3l ] AR A I, 30 it v ik
TPk #h 24275 272 IH 7 (brain derived neurotrophic
factor, BDNF) A1 5 Z A4 1K [ F [ (insulin like
growth factor-1, IGF-1) B9 434, I £ &5 A J0 BE
J11°0 BRI, YRS shEk 3 AD AL H
28 AV TS MRS A 56, T A B TR
RIGEZRZ, HE—DRPEFERT 9 A i BAA
SRR /IS B AT B BB I 2R, S5 5R BOR
SRBATINERR/NEAR LG, 2855 B 7 U1 2R/ B
R B RN S NI RE A ek st
WEFEIE A B, B3N ZRR il #ih 28 50 (AR 2R
A tau 25 1 AO08 BRAE ] 44 DA R 0 5 fd ] 98
AR, AP L, 55 45 B A
B E AT 16 BTz 3G , AR & R4
AR AT IGF-1 7K 8. 35 T, A &K - 15
KA RN BLBHAZ s AD AN T
e LA ) B Tt g o0 I D RE | B 2 R A R R
22 n] R AT 0 Y R RO | 3 RE A8 A o B AR
AL BRI 28 9 RE A BTN 3 32 1520

WE5T & B, B3 JE 64T 2 R BT RHLIZ S RE 6 2
HERI AT S8 | 5 55 OGS SRAT D RE Y & A7 IE
M PUBLIZ S REREERTH LA Jy i 45 il g
FER I, HixX 26 B R T BE #Y 52 = % T AT g
IRPEA RN, RS TUAAITIRE T IC 12 Ak
JIXE ST RN BRI e S HikE
SR8 5 1A 5 X sl i 7 14 i A O
ST, PR s Zh 7 i PR B 2 07 58 h N AS 31 B 22
AIEEAL, PR BRI 3 4R T AD BB B R A R
FRCALIKN- A B T3 22 (B E AR
1.3 ZEXIEHAEEX AD WK EEA

Z 32 8 (multi component exercise ) 35 i
it 2 ApE 2 AL BRI B sk AT T I, AN AR
iz 8l Jyk/ IR G S/ P IR 2k R

WgFizsh i XMA G, 78R, % AD &
H AT Z A 2B B B A TR a7 31 56
HP L AD B WHIAE ) NI 2R IR R 25
(), B —iz sl A 0 T AR 3 A ) 5 Y R
XN, M Z T, 1B s R T B 25 A
HRGFEA BT A EAE R . 7R B A i B A
BE T, 5 TR AR L, 12 3 5 2
FHLE AT LAAE S8 S A R ) P A AT A T )
BN H % AETERE ST, T8 shillExk, 1E b —Fi i
G T BRGSOk A0 & AN 2R 07 X il ad
BLEE AL B RIS AR T —
(HiE A w e e T S = S B | I = 2 N |
YIfs 5 AT 45 BB iR iF A 45 &, A i
HEHE AT B A, A BT GE s
Sfas i, 3 5 A5 0 T e RN A 2 mT R, O
EAUE 2 NN N QR (S TREVAN = Tak VAV LK K |
fiE) Y I s B AT B — RS
Hozk,

Bl Y — IS ZE IR ARV T Eis 5
Pz sh M A B Gz g%t AD B F AT RE
[RREI , 25 5 7R 2R G2 gl & R AT I
REM I R 18 (N IR B 1Y R B %58
30.4%) M T R A Az stz sh, 2
BB iz sh R B R W Y S —
W55 21,50 % K DL B NFER 45 &8 | MPibiE
SR EE KGR >, 7E—T Ko B AD B
H(65~78 %) BT b, 6 10 v A5k i A 4z B
(VAR KR 1Y) 60% 5 F AT 4 20 min) 5 1A HTF
R &8 A, AT e O A D AE B T BE G B i
LT N TV 2 Rt % (R I = I | = SR S
AD B3 (84 %) Zad A5 A A i A
KRN LE A BTG, B RAA R D fe s 2
FERRTT . RS SRS ] R 45~ 55 min, 7
Ji 2 W, R, 2402 g5l B AT D RE el 3
FI 85 B - 12 B3 I | A 4 EF bR 2 3 Sl T
FH K, KKV FTRAEI AR Z 35 L8
SERPNAT DI RE A R 28 A B A ML, LA SO R 45 4
AT RE AT S B 5

2 IEFHEE AD HIER LG

2.1 EHBETRERERNKZE AD
a8 B e R AEH B S & 8 LR &R
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GRIRETE N 1 ELREAE FH A D6 LA O R
HATILEE 7 (4 1L-6) 751z 2l & AR A2 1k rh
PrigiE A BB TL-6 PR ROk
PEEHT R T (40 TL-10) A B AT R AR A 48 R 1
(4 TNF-oo F1 IL-1B) 7K ¥, DT 22 fiff 5 4 S
;0SB AR, S i Bl i R R AR R
F (4N TNF-o F1 1L-18) A1 L JHHT R H -+ (40 1L-
10) 35 A 855 S0 Fa 3% FR G2, KRR A0 i % i 7K
SRS TR 32 Bl R S g v v A A MA
T I R R A B AR E R, FE T4 R AD AR
AN U i B9 ( cerebrospinal fluid, CSF)
rh 2R 40 A 2R 3K 1 fil % 3244 2 (triggering receptor
expressed on myeloid cells 2, TREM2) B9 7K, 2%
file ADP ) WESE R B, iz B rT g aE A T R IR
L | EPA% A LRI A4 Y 45 200 B 1 B Toll A2 14
4(toll like receptor 4, TLR4) 523k, [A] 4% kA2 g
0 £ 2R r A A 0 S B (AR A (ML) B
ARRBTAR (M2) BY) | 35 17 98052 240 M A8 E S g, B
IR RN P g 1 XU

A A% T AD B 1z ghJR al i i i
RGBT R AR G )98 A0 i A A B i
MM ADY WE9E kK H, i8 gk it
REF (AN TL-10) F1F P8 5 4598 FH 5C 19 R 41 5%
YRAE PR 7 (U0 TL-6 , TNF-au ) B9 33K K FRAK IR £ b
(lipopolysaccharide, LPS) 1755 1) 28 i )2 v, M 11T
B AR/ BRI HTRE 97720 R B mT el
A5 AD Rl i AR FEAR 2 I BB s 1) P 2
BiE S S O v =9 I U B TR O =R C AR & 3 ]
Yo I RS, I 1 v e 2 W] M (AN n 2 4E N BK
AD BF WK ARFURIE R ) Kol AD BF 1)
NHIBE S0 R W2 3l i 5 52 e i % L= 35
PPETE N H 9 SN e R G MURIRT B
Wik 200 0 23S R A i 8 200 L 28 SR 2 I R A8 I B,
T R A 88 3R 48 S bl 48 m] 98 1, AT 22 f% AD,
SR, OCT1z Bl Q] 3 2 31 15 B 58 3R 8 AR S
PR AD 19 B Z L i R
2.2 EHBIFTREHEMEE AD

BT T 230 e R /N 2 5 240 A s R kg v 2
() G2 U T A0 M, T AR R IR o 4 A R /)N JE T 4
ML) BTE & 8y - & AT R ( gamma
aminobutyric acid, GABA) 73 I, GABA 1 &
B, % AR UURUE N, 15| & ADM

18 B E I I AT 3 2 a2 i S M EC = R
BAE 25 4 3E B 4> F 1 (onized calcium binding
adapter molecule-1, Tha-1) Fl & 5t £ 4 g 14 & M
(glial fibrillary acidic protein, GFAP ) BH 44 ffd )
B R /N S5 240 LR A AR I S5 A4 L 2 T
Gl 1SRl VAR =5 B = BT O I A
(aluminum chloride, AICL, )/D - 2 F, W (D-
galactose, D-gal) &b B[4 /)N 5L A 19 /)8 JiE 5 4
PR B8 PR R R/ T AR T B B R /B R R
B HETTSCERIRE S0 /0N E BT 20 L A S 2 4
D3t 2= DR AN T R AR 5 77 0 , i He A 2 0%
AIAE AD M2 4 h R VR, WIS 36
F (10 d) B35 VI ZRAESS 5 k14 S /)N BT 200
LT W BE 7, B3 A 28 T4t R FIE A2 B g
KA (5 J&) BB 65 3 3 W RE ISR % 3 X/ B i
Ly /INE ST 240 0 R R A R T 3 ADTO
HEAh % we v S gt i 12 BRI RE &
PUFCRE (L TR S A /B 20 L M1 3 1) M2 3B
e, AT D50 5 ot 28 RAE | 48 A I 98 F TN A0 g
JyU X e F S A3 E A B R A xR i 32
& (pattern recognition receptors, PRRs) TLRs F14%
TR 5 B 45 B K 32 1K ( nucleotide binding
oligomerization domain like receptors, NLRs) 41
T PRI, 6 ARSIz shiE i T AD R
BN H TLR4 \NF-kB TNF-o 1 IL-1oc 35K
RCH: A E 52 I, DT 3% Hid 12 BE T, 4 iR
ADMY AN, 5y — T Sl 5L 5 5 R B, BH
NLRP3 453/ IMi AN i i ol e & Bl AD /Y
TAERE L, iz 2l ] A% AD /) BUEE 5 o NLRP3
Al Caspase-1 Y IE>* | W32 3h ol i 8 1 41
o) /MBS A0 i PRRs O I 1 28 R AE | 1 558 AR
ifig, Wil s AD, (HELA R Z NP sL R,
Xof NI K iz gl 3 4 i PR - L ] 3ok
IV KA1 B O 52 M B A8 1 B P T AR R
2.3 EBEIHEIRHIAMFEIWMELELE AD

AR By P 28 e A ) 2 ) FCAL RO
HAR 5 BAHCRNFIRL T & AD S5 28R 47
PEBI B IR R B 5K AT O, o 28 AR 2 K
PR I BRARAIE | 2x 40 T 1 T 28 % A FA RN AE
1o PHERIEAE 23 X AR T 1 28 6 2 UL KGN R
R 7 LR SRR I, T8 Sl AR S — A RO Bt &
FBOAT LIAE— e R G R 7 om0
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Z BRI AR (R R I e kA
WESE B, BUAF W 2 4 28 & A (adult hippocampal
neurogenesis, AHN) G111 5E T AD GEAR H B,
H AR A St 20HI 55 BUAR TR 55 b 22 1 41 i
(neural stem cells, NSCs) FJZIHE > iz shfig
g kst 22 RAE , BT fE BE AHN FF3 583012 2)
fig, Ik AD™) | b Ah 38 Shad BE N Al AT 1
LI A P22 o 1y AR 5 L, Ol 2 4 T
BDNF 7KV 3k Bl 3 AD & LA D REDS
I, 32 B AN RE A% D8 % il 28 RAE , 3 BE S fin b 22
JURIA 28 B A0 L A,y AD B B KAk Zh e
A ST A A VAN | L B B U R AL U 2823
i |2 VR 2 I A A R RO RN D) g, R T
Gz fie AD, (HHELARHLE A7 5 a5, Wiz s ey
Pal o RAE 5 i P 2 A A AR AR Bt
15 8077 58 B HAC RO IS
2.4 EBIHBEIRPOKEFEREHNE AD

MR B BT BE R A2 AD 5 B2 1) — > S
FRAEST IR K AR T BR3P R 40 i
SR A T R | B R i 4 50 R T R DN T 5 A4 i v
TS24 il i A2 AR N, AM ] G A i A R
PEAAALPA 5~ 7T DLk A i B 28 R G 0T SR pf
SORE SO A2 BT 3 o A A R e 1
R ] 3 BB B R L DR R,
VKT BB P o Ul D PR S (nREA TL-18 |\ IL-
6 Fl TNF-o ¥ B ) R AR 47 T2DM 2 /9 1fi igi 7
B2 XA/ NI THAE I S TR R
AR AAE 7= W i A R B 28 R ST, T3 9/ B
R B 2 flh m] AP RO R AR AT Sy e B, T PR 5
AR AR G I b 22 00 D) RE R A EA R
5, AR5 FE 193z sh % AD /)N BURH 8 9 0 1) 203
FORAARL Rl AS [R) 28R 1) o 45 5 1 3z 2
(B 3~5 W, 8K 1 h) IRA B TEER AD )k
TERNAYT ) L5 1,38 0l 3 s o038 o 28 SR AE
SR IR b P 258 S A SR AR AP N N B 8 Bk 2 fiki
BEREDIRE, N ZZf# AD, H 6T 12 5 i
BT , RS B 20 58 ok BB AN W] 28 B3z B i
BARROR B, DAEE At T A vt 9 8 SRR

3 BREERE

WFFEUESE 1B 3l ] 2 35 203 AD, iz S BE S 41
il R AE R 7 19 30K, Mt 2 JAE , TR ¥ I i

B2 SR/ T 40 Y ) S IR A D o 22 S
Fi4 5w o 22 ] BN (R bV B DX R 2 A e
RN DIRE , LA S o P 9 a5 B 114 5 2 1, A
MTAESE AD F)j BEIE e

AWFAAE— A R Z A : OADFF R R
Wiz Bl 7 35 i 28 ST | I Jo 4 G D) AE | 7 b Ao
2 A VAR ML e B O S LA R A PR LR
R T Sl B A IR . QA [ 9 72
B B g 1L 7 55t SRR A B AR AR PR
RERARR ., OARWITE I 1T A HAizdh 4t
BHiz 3l & 2452 3 1 AN RIRCR |, (HE Xz 326
TR Ay 2 I 1] B B A 2H 5 sk 2 AR
GEDETE, RAAR B R A fr it — 2245
o HET ERAR, &l LIT RS O 7Pl
W . it — 0 R R ia g T B o 22 RAE Pl 28
IR TR AR T BR MR B R O 3
TR 488 HEE AD i BEAGVE HTBR A2,
VAR Se B (Un o1 HE W) =2 50K ) fg B v
ZPRAT B 3 I, W1 OGS I D RE A4 R,
TF R FET 12 Bl 5K TSR I R X 5 A I A
M RUENAY T SR AL INE SCRF . @ Mk fLiz 3 1 Tl
WFTEANFLIZ B2 B (AR SRS 1 4 RT3 4 I
[B]) X AD 73 IR PRI, 455 /B R AR (4R
Iy RS B B B A il E AR iE B R
[, B R P RHLE Sl e 2 A D BE AL
JriE T RVE T, A is s 27 56k J3E Ak ] 45 2
Bdia, IR T IRCR . O I6 7 k.
WRIBEN G5 NN GRAES 75 B PR R 3 A pL
il LA T IAESE AD HERR, R ATl 25
WO AR B (Annl 2P B A N TR BE ) L 3h
A D 57 A4 32 IR B0 S H X A B R 52
SRS v RO BRI RO TG S
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