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[ Abstract] Objective The aim of this study was to establish a rat model of inflammation-cancer transformation of

inflammatory bowel disease (IBD) and to explore the associated characteristics of the intestinal flora. Methods Adult
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male Wistar rats were divided randomly into control and model groups (M1, M2, M3) with different dextran sulfate sodium
(DSS) intervention cycles. Colitis-cancer transformation was induced in all rats in the model group by a single
intraperitoneal injection of azoxymethane ( AOM) combined with free drinking of DSS in different cycles, and disease
activity index (DAT) scores were recorded. Rats in the M1, M2 and M3 groups were killed at the end of the first, second,
and third cycles of DSS, respectively, and spleen and colon tissues and colon contents were collected. Histological damage
and colon carcinogenesis were evaluated in each group using hematoxylin and eosin staining and transmission electron
microscopy. Characteristic changes in the intestinal flora were analyzed by 16S rRNA sequencing. Results
AOM/DSS administration significantly increased the DAI score, shortened the colon, and increased the spleen index. The
intestinal mucosal barrier was progressively destroyed from groups M1 to M3, and the pathological score was gradually
increased. Abnormal crypt foci, polyps, low- and high-grade intraepithelial neoplasia, and mucosal carcinoma appeared in
turn, while the pathological process showed similar characteristics to carcinogenesis in human inflammatory bowel disease.
Screening using 16S rRNA sequencing with two differential abundance testing tools, Wilcoxon and ALDEx2, indicated that
changes in flora abundance represented by Bacteroidetes and Monoglobus may be involved in the progression of colitis-
cancer transformation. The functions of the differential flora were mainly enriched in metabolic pathways, such as lipid and
carbohydrate metabolism. Conclusions  The current rat model induced by AOM/DSS can dynamically simulate the

pathological characteristics of colitis-cancer transformation, accompanied by changes in the abundance of specific intestinal
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flora, which may be closely related to the metabolic pathways mediated by the flora.
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Note. A. Line chart of body weight. B. Line chart of disease activity index score. C. Statistical diagram of colon length. D. Statistical

diagram of spleen index. E. Representative pictures of colon lesions. Compared with control group, “ P < 0. 05. Compared between model

groups, "P < 0.05. (The same in the following figures)

Figure 1 Comparison of the general situation of different stages of colitis-cancer transformation induced by AOM/DSS
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[:A: HE G fURTEE B 2H U0 B2 PR S GE TR ; C i AH DG A2 73 L 525 A AR LG, ™ P < 0.001, ™ P < 0.0001; BE#Y 20
ZIEHE, ™ P < 0.001,"P < 0.0001,

B 2 AOM/DSS i F45M R a5 AL A R By BE i 4 SU B 25 WA ooy
Note. A. Representative picture of HE staining. B. Histology score chart. C. Map of extent of neoplasm-associated lesions. Compared with
control group, ** P < 0.001, *** P < 0.0001. Compared between model groups, **P < 0.001, ** P < 0.0001.

Figure 2 Histopathological observation and scoring of different stages of colitis-cancer transformation induced by AOM/DSS

BB W /> H A BRI 0 TR] 7 AR AR A ER, 2.3 16S rRNA il FE 5547
LRARZERG PR Ty B L5 R (WK 3) =W - 2,301 P4 i ik
JZ AN BRI RE R AS | 266 5B B2 i w i OR Fias 45 M3 445 N AW E1T 16S rRNA

TE AR ATk LR 2 Sk AR IR SR
B3 AOM/DSS i S45 R 4% (AR B B A9 R TEM [E1{5:
Note. Green arrow. Mitochondria. Red arrow. Tight connection between cells.

Figure 3 TEM images of intestinal mucosa at different stages of colitis-cancer transformation induced by AOM/DSS
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Figure 4 Comparison of o diversity

T A B RETE K B A = AR A B F/B (RG] 5 C . I8 B RETE S KT B BAR XS 42 circos 85 D: 3T bray_curtis FY

PCoA T E: 3T bray_curtis i) NMDS RJE447,

5 YRR K RIS

Note. A. Histogram of relative abundance of intestinal flora at phylum level. B. Statistical diagram of F/B value. C. Circos diagram of relative

abundance of intestinal flora at genus level. D. PCoA analysis based on bray_curtis. E. NMDS analysis based on bray_curtis.

Figure 5 Species composition and cluster analysis



o [ S2I B AR 2024 4F 11 A5 32 %5 11 W] Acta Lab Anim Sci Sin, November 2024, Vol. 32, No. 11 1375

B TR B ZREPE S A s B TR
2.3.3 YRR RS

S REAR R 2 TR T 1K = B e BTG S
N7 4y 5l & JE BE B 1] ( Firmicutes ) | 81 AT 7]
( Bacteroidetes) 2L i [ ] ( Patescibacteria ) | i i FT
1] ( Desulfobacterota ) | 2 JiE /& ] ( Spirochaetota )
(FE 5A) . FEHIAYE, M3 4 Firmicutes/Bacteroidetes
(F/B)HEFRTE A4 (P < 0.05,F 5B) , ¥yl
HBAE B K- b BE S BT 5 A7 53 3 A FLAT T &

( Lactobacillus) 2 T8 4 B K %€ 24 J& ( Norank _f_ _

norank_o _ _ Clostridia _ UCG-014) . B2 H F H &
( Unclassified _f _ _ Lachnospiraceae ) . % W} i % W J&
( Romboutsia ) . 7 % BK & J& ( Staphylococcus ) ( &l
5C) . XHRh2H AT HY PCoA 3 #T (B 5D) K&
NMDS 387 (& SE) s P42 N R BN B I rY R
2 IR RN BP0 B, R W AOM/DSS i 35 B
AT R B TE RS
2.3.4 YR

K H Wilcoxon FRAIHLYE &2 ALDEX2 245 %F 17K

B K0 22 SR AT 24T . Wilcoxon K B 245
RER,TETIKEE, S AMIL, M3 4
F O B F K K, Bacteroidetes,
Proteobacteria = J& I & 34 &5 (&l 6A) ; £ )R K I,
M3 A BFF AR ORI R & 8 ((Norank _ f _
Muribaculaceae) AUKT I J& ( Bacteroides ) . 55 ¢ 1# J&
(Alistipes) 3% 57 Ik K BF 8 J& ( Unclassified _f _ _
Prevotellaceae) - Ji it 14 157 , 1l Romboutsia | B B3 fiié
R & ( Norank _f_ _ Oscillospiraceae ) . %. 3R 7 J&
( Monoglobus ). . W 7 B &% K B /&
( Christensenellaceae _ R-7 _ group ). N FF &
(Atopostipes ) 5 B 1 Z FEK (& 6B) . ALDEx2 5
BrER BN, 525 B4 M, M3 4 Bacteroidetes F
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2.3.5 ZEFWBH COG LM

PICRUSt2 (1) COG JIRETIMAE R ULI 7, 22 53
RER TR W AR5 1 e s B 20 B R 4 o) L A e
HA RSB Z A A Y AR R, ]

Firmicutes

AT Wilcoxon BRFIRE S0 /KT 122 SR HF ; B . 2EF Wilcoxon FRFIAS 35 J8 /K 7 14 25 TR #F; C. 25T ALDEx2 K 5 [ 1/K - 11 22 5 18
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Note. A. Differential flora at phylum level based on Wilcoxon rank-sum test. B. Differential flora at genus level based on Wilcoxon rank-sum test.

C. Differential flora at phylum level based on ALDEx2 test. D. Differential flora at genus level based on ALDEX2 test.

Figure 6 Differential species analysis based on Wilcoxon rank-sum test and ALDEx2 test
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IL-10) J&—Fh 8 B 1Y BT 58 40 M A 7, 76 3 B)5 22 ik A
HERp SRR S Ty T R AR AR A IL-107 /N E B
Uz IR S0 M 4 i RASEARL, WANG 457 B8 &
L, Monoglobus [ADX B2 5 1L-10 S IEADE, R
PR R EMER - A TR 2 B R B/ R LK O 21
Monoglobus 7 1BD K CAC " A i, A5 E
SEPFD DA K T H GIESE T Monoglobus £ AOM/
DSS 755 1Y R i AL R BB v 1 250800 | XA
(1 % B 5 R IBD 9 28 v g 38 AR A8 U 1Y
N

BESh, Wilcoxon K426 B , 788 /KF-F, M3 211
Bacteroides .norank_f_Muribaculaceae | Alistipes A
B , Romboutsia , Christensenellaceae _R-7_group
ARFEEE D E R AR, KORDAHI A5 It {1 5 4 K,
Bacteroides TE45 R IRIRE P 12 TR FRE T A9 266 1B vh W8 35
A RRIBE I P 09 i 55 AUAT TH ( Bacteroides fragilis )
AT i 3% % T kB (nuclear factor kappa-B, NF-
kB) V5T RAE ML 3 CAC R BT Be i) e . WANG
L[ 0 B gy J2Af , Norank_f_Muribaculaceae Alistipes 1E
I F R CAC /DRSS IR h & &4 H 505
FACHHRFUIAROG . BRAEAIT Y s | A A2 mT 52 e
JHiE R 2, 78 1BD M CAC 4 % 9k H 75 78 & 2 ff
@27 ARERE T I TR R D RE BN AL T
ZAR A DG B, B an B K Ak & 9 e 38 AR i
HIR iz A IR BT 5% 1z A 45, R U]l i
FERTREIE A 2w A B A ER AR SN S T
S5 R AL IR T I D HIR AT

g b BRI TS AOM Bk A ik 3
AMEI DSS W5 58, fE A 212 b e A ) M 453 4

NG 5 AR R S L A - R e B A
FR R A I R | DR AR S 5 1 R - e AL ) sh )
WAGZ, IM7E AOM/DSS 5 55 4 )3 i 2 A8 1
JLZEE BE, 4 5 2 Bacteroidetes A1 Monoglobus , 1R 1]
RESE S 45 1 A e G AL Y DGR TR A . ARk AT K
FEAE 75 S e B A0 B 22 s e AT LA, AT A%
PSS SRR R AL R, T DT ST
1 2L AR 2%
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[ Abstract)
diarrthea( AAD) treated with GeGen QinLian Decoction (GQD). Methods Sixty male or female SPF-grade SD rats were
fed for 7 days and then divided randomly into Control( Con) and modeling groups (1 : 5 ratio). Rats in the modeling group

Objective To investigate changes in the intestinal flora and function in rats with antibiotic-associated

received clindamycin 250 mg/kg by gavage once a day for 7 consecutive days. After successful modeling, the rats were
divided randomly into model( Mod) , high-dose GQD ( GQD-H, 10. 08 g/kg) , medium-dose GQD (GQD-M, 5.04 g/kg) ,
low-dose GQD ( GQD-L, 2.52 g/kg), and live Bifidobacterium power (LBP, 0.15 g/kg) groups (n = 10 rats per
group). GQD and LBP were administered by gavage, and the Con and Mod groups were given an equal volume of saline by
gavage once a day. Feces were collected after 7 consecutive days of administration for macrogenomics sequencing analysis.
Results « diversity and B diversity suggested that intestinal microbial diversity differed between the Mod and GQD-treated
groups. GQD increased the abundance of thick-walled bacteria and decreased the abundance of Aspergillus at the phylum
level, and increased the relative abundances of the intestinal mucus bacteria Blautia, Bacteroides, Thomasclavelia, and
Mediterraneibacter, and decreased the relative abundances of Adlercreuizia, Muribaculum, and Escherichia at the genus
level. GQD also up-regulated the amino acid, carbohydrate, and immune disease pathways. Conclusions GQD improves
the abundance ratio of beneficial and pathogenic intestinal bacteria in rats with antibiotic-associated diarrhea, which in turn
reduces the intestinal inflammatory response and repairs the intestinal immune system.

[ Keywords] GeGen QinLian Decoction; antibiotic-associated diarrhea; metagenomics; intestinal flora
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B F M M I 75 ( antibiotic-associated
diarrhoea, AAD) 24511 R L KA LAl i AE R
BT B H WLEIVE T, B T KR
TN g T AT B TR 0018, 5 | R E e AR A
K, SO RESE M RERAE . AAD IR
B HE KRR DL S R 28 P i, ™ A = B
IR FARTE ! ARfPTE R AT RES | & AAD, JLH
AR R PTS PR SO RLAE IR | Sk A RS
WA FED L B TR 41 41 (world health
organization, WHO ) 2 % , I R4 Be £ 2 fifi R $0 24k
RIRITPIR R Ik 80% , Horh JLE HEZ Hi A IR T M
R, L AAD MR ERN 20% ~ 35%,
I, AAD EL AR B 7 H Y 24 38 TLAR ) — i 2R
FREE%F AAD BYR YT 4R T AERD FEXUBAT I FLAT 1A
5 g A DRI 52 W5 B O 1 Ji T TR, o3 M B
TIIRE AN G2 B, B v AILAA B 8 S I, FE e R B il
FHRCR S, H R B s R A 2 AR T, 2>
TH PR A A T, e Ok B B SRR 4 A Y BE
7, T BRI W S 35 A TR 4 O IE A B A
B G ST K AR U B LAARHESE B 7E TR
P 24 £ B TR AE RS MAR R G I 18 D RE Y i

EHA 9% ( GeGen QinLian Decoction, GQD) J&
SRS E (IR ) By & IR O B AR
X B R HFAL. GOD P E TR 2R, FAR
RETHPHIRYS , 2975 R 25, GQD 3538 #ubk A, 15 R k-
WA S R W98 45 R S TR
ATIESE R WY, GOD fIE 2 THi AAD RERN T

i, I HO SRR A O Rt A — e R R A RO
115 55545 IR TR (short chain fatty acid, SCFAs) {8
R B 5 i T B A% B AT RN G R T AR DY
SCFAs {32 31 22 B i A Py 2 [m] 98 7 i A 4R
Y B )3z, AR 1k SCFAs AR i o 35 1% 18 o
A, W S s R AN e A AR A, diR i, Rt
GQD RY7 AAD VR IR AT 5 52 e i 18 P A=
Yy, NI B DI ReA ¢, Wi AED R E L
JEHA G2 ARG R 73 B R SRR AN BE 2 T i
JiiB Fr 5 AR W R AP RN ) g BLAS X GQD
AAD FHRALH TR BT, 23Rl —F A
I PR AR 58 3 5 D Al A5 B T B, e AR okt
XA R AT 53 85 35 57 , T 0 S Hb S oA A
WEE AN 254, i — DB s i E M Y fg , 7 SR
Y 2F R UE W) 2 AR P RV R R 1 2 T B
PR, ARG 3 2 56 R A 2F AR EA T A e AR W 1
B0, BTERSY GQD Tl AAD J5 I 18 i 2 9
(U IRV DRy
1 MR5ERFZE
1.1 %8
1.1.1 ZE83h¥

60 H SD KB, MERfE 45, SPF 9,6 ~ 8 Jili##,
KHE 200 ¢ 247, WK FAb e B AR W R Ay
A FRAF[ SCXK(5)2019-0008 ) . fal 37 BR4 . R 3
22 CAA  MIXHBE 50% /547,12 h JEFRIRI . SD
KB 37 T 5 M B2 285 K 2% 3 W iF 55 i [ SYXK
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(#5)2021-0005]) , 7 52 5 4o 78 v ™ 4 A S 56 5
P AR DB R AR U] AR S o R B
VB 456 Sh 1 B2 2R A 3 ) S 36y 5t M Hh s
RS BIZ By 2L (TACUC 20210162)

1.1.2 25

B B B SCH R T s R A 5t
FH 43 %, 4t 5 4 51 S 201201, 200701, 200301 .
201202, VI 259 25 5 e p o & (SR M R 2Y
KA SE AT A (25 ) AHOC R o B BRIV SR e
P A BRI BRI 25 ), H5h S10960040 , 5
B Z BRI [ T M A 2 1 KO il 24 1 4 A BR
o8] S 210202,

113 EZH SR

L2 WP 8 ( New England Biolabs /A A, ZE[H ) |
L5 43 B A M0531S, M0530S, 20% agarose gels
( biowest 23 F], FHHEA ) L5 4 111860,

IR B UK AL (b st i s —{U#8 T, T E),
Covaris 8 77 ¥ i i3 1% ( Covaris S2 System 23 7], 3
), Qubit ( Life
Technologies 7~ &), £ [ ) , ZHEAE Agilent 2100 44
I ( Agilent Technologies 2~ Al , 3 [# ) , PCR 1%
(Bio-Rad A A, 22 &), Wl J¥ 4L ( Mumina 23 A, 3
), Agilent Fragment Analyzer 5400 4= H 3l & 445
HLYK R 45 (Agilent Technologies /3], J2H)

1.2 FHi&
1.2.1  ERE &7 &

BUE AR B BRI R 4 BIFR 24 .9 .9 I
6 o, K2 A gliK i i fe , 4 R SE Rk
BB 15 min J5 5 /N KFFEERIEL 120 min, #2531t
EIRAESS , BRI DA RIRE 7 SR — Wk, R AR i i s
MIZTI, PRIR 25 IR0R 5 5 A TN AR | Tl 4 °C vk
Fh IR A
1.2.2 Zhi¥pordl Eh 442y

KREMRFE 155, BENLS 8 25 H (Con ) 4H Flid
BEAH . TEREZH fd ] se AR R (250 mg/kg) HEH , FF
227 d, WEERERKME IR BOYE £ AR, Bt
e R, AR RN T, A ) S B
BLAT AR (Mod ) 4H | #5 AR5 3% 17 5 77l i (GQD-H)
H BERE TR E (GOD-M) 4 5 5 % 71k
i (GQD-L) 4 mi k7 2k (LBP) 4, 4% GQD-H
2H(10.08 g/kg) .GOD-M £H(5.04 g/kg) .GOD-L 4
(2.52 g/kg) LBP #1(0.15 g/kg) X )i 1) 1 245 4 38
HYGYT 7 d, Con ZH AN Mod ZH 1 FHEFAAR R A BER /K

Fluorometric ~ Quantification

H A R ANG ST A R R B YOK . 2R
YR AL EA LR B, IR TR A5 1F T S 45 1 N 4
Y1, -80 CURAHHI,
1.2.3  FEARECS Rl

K] CTAB {42 B 5L 2H DNA ;2. 0 mL Ep
PN CTAB 24 1000 WL 75 B 3 e 2% B
A EEIR A 20, FEAR SE 2 R0 5 B OB, b
THW A S, PR O BT, A&,
Hif#TE ) ,12 000 r/min &0 10 min, B FIFREE
1.5 mL B0 N, IS N EE, £ ) J5 -20 °C UTE,
FERELG, B R UUE, S 1 mL 75% CEEBERRPIIR
JE BT DNA FEAS JITA ddH,O %% DNA #f fh, 5t
JG I RNaseA 1 L 1k RNA,37 CHUE 15 min,
1.2.4  SCRAHES RS

A7 o8 i = R R A ) i IO A
2H DNA, K #r DNA ¥ 3 Fil 56 28 % J5 F NEBNext®
Ultra™ DNA Library Prep Kit ¥ DNA CF, 4
Covaris 75 B8 T {SORE 5 4% 19 DNA K ) B3 e 2]
350 bp A/h, HHEATARSRIEE I A R AN 4k
it DNA JrBt, PCR 4§ R4l fb, 44 1 5¢ & 1 3¢
., PR PCR 734, 4lifk PCR 7=, Bk LIEFe 1
FeY), 180T Agilent 5400 system PP SCE i A
JH qPCR & i SCEMR B
1.2.5  AWfEEoHr

Bl s 5 L )54 8 Dlumina )57
B AT 2% A FEAE A JFUIR K04, >R ] Knead Data
0. 7. 4 B AEx I dh Bt 64T L BBk e 1 1 4
G, VI i I T 20 MR 2289, 2B
KBE/NT 50 bp W75 S AL P, 38 3 FastQC SR K
DN 5 BRERISCR . Wy R e i 5 T A R
Bl LA S Kraken 2 %0080 2 1550 O X 2640 BT 35
R4 R 588, 2 J5 if i Bracken 2. 0 #4445
PR PR E DA S R, DORETE RS FEAT i
R4 £ I i B HEA A HUMARN 3 3.6 (£
X o 5L A 5 3 R 2H B4 5 (kyoto encyclopedia
of genes and genomes, KEGG ) (i J& ¥ 17 KEGG
orthologous ( KO ) 2& ¥ 3= i 1 & £k, 3815 D) e B4 )
AR A S RVRRIX 32 3%, X A% 1 2 AT
RIEIIHT PCoA FELEIM AT e Al IR 2R Ay I I Ze b
N B B0 5 ( LESe ) Biomarker 437, 2 98 45 41
Z B I R AT RE 22 57
L3 ZITESN

BEXS AR IR G ) 2 e R S 8 2 R 2R TR
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1 (Kruskal-Wallis) ki3 o 200, T EGHE
5 PCoA Sy M T ikt Z e s b AT e 4t 1150 g 2
e, i LERSe 73081 7 SR A R IE A
2SRRI T B i SPSS 26. 0 fifi 5 , JI W 52 56
B A AR A A A DA R B0 T 25 55, P Y
T R FH B PRV R T 22 40, AN 22 SR Al
Kruskal-Wallis(H) 70#7, L P < 0.05 R 55 BHA
B EE,

2 FR

2.1 BFEREDSHEEST

o ZFEMES B ZFEMESE I M 20 2 IRl f Ak A 2
BRI BT o ZFEMER B Mod 415 GQD-M
HIBPHZ B EAREME2ZR (P <0.05) (K
1A) , s B ZAEME BT XT Fe & U REAR 2 [R] i) 22
S AEASTE BRI AR T REAR L B B . S5 SR K
B Mod 415 GQD #5541 L J2 LBP 4 [H] 4 H Bl
B, M GQD-M 415 LBP U REA a] 3L i &
A B 2 g - R?= 0.733,P = 0.001, 4 [A]
RN THNZES (K 1B) . a7l GOD fEk
A AAD BB R BB U AE 454
2.2 FREREDMIFER S

N T WFSEIRTT 40T 1 AAD I i 1 1R B Y B
AR, 45 A IR 78 ] K S A& K - B A 4
FEXTERE . FETTKOF b, R 3 35 B A o 1 A P

T Ao ZHEE; BB 2R,

T 1 T( Verrucomicrobiota ) . fLFT &5 '] ( Bacteroidota ) .
JEREER ] (Bacillota) JiZR B[] ( Actinomycetota ) %8
FE W] ( Pseudomonadota) . 5 Con 41 AH b, Mod 4H
FOE L,
Verrucomicrobiota £ & T [, 5 Mod 4141 b, GOD
M 45 LBP 4 Bacillota F & | Ft,
Pseudomonadota , Bacteroidota =F & F [, 1E A<} 5%
Hr, Con 4. Mod 20, GQD-H 41 . GQD-M 24, GQD-L
4H \LBP 4H Bacteroidota/Bacillota ( B/F) B {E 43 51 K
1.21.1.87.2.12.0.79.0.55 F1 0.12, Mod i B/F
{E= T Con 41, UEBH e bk R R IR i U/ E 9,
GOQD-M 4H .GQD-L ZH /1 LBP 41 B/F {H{ T Mod 41,
WERH GQD 1 LBP Al L2t AAD KU 8 4 2E Y
WZ (K 2A) o 18 H Kruskal-Wallis #6556 Fl1 LR 2R
Z gy Brow A
Verrucomicrobiota ¥ HA i F M2 F (P < 0.05) , H
ARG LK 2B) .

WE 3 s, e &K E, 5 Con 14H EL, Mod
HIGiE N Adlercreutzia 7 AT H S ( Muribaculum ) .
Thomasclavelia . 152 75 i J& ( Escherichia ) . Duncaniella
FRXS B2 LB T . XUBCHT T & ( Bifidobacterium ) |
BV R A B 50 S B @ (Akkermansia) | FLER AT H &
( Lactobacillus ) J&RFT1E J& ( Corynebacterium) FEFT
& ( Faecalibaculum ) F1X%F 3 B LB AR, 5 Mod
HAHE, GQD #7405 LBP 40 il A 55 45 [ i 8

Pseudomonadota Actinomycetota .

Bacillota,  Actinomycetota .

B 1 WY o ZRER B 2

Note. A. o diversity. B. B diversity.

Figure 1 Gut microbial « diversity and B diversity
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TE AW E 2 OEAR AL B R0 22 S M 0 #r
B2 GODRITEMmEREY 1Ko Hr
Note. A. Species percentage stacking map. B. Species variability analysis.

Figure 2 Compositional analysis of gut microbiota phylum level after GQD treatment

( Blautia ), %L #F W J& ( Bacteroides ) . Muribaculum  Escherichia A8 %F =£ B o 1] &A% ( A
Mediterraneibacter . Lachnoclostridium A0 % 32 & JF &, 3A), i i Kruskal-Wallis #; 38 &% ¥t Blautia .
Lactobacillus £ FEFE GQD 4 Wh F+ &, Adlercreutzia . Bifidobacterium , Lachnoclostridium 4 W ‘2. & (P <

TE AT 20 LUHERURT B P22 S 0
B3 GQD A7) i e W K-F 4L oA
Note. A. Species percentage stacking map. B. Species variability analysis.

Figure 3 Compositional analysis of gut microbial genus level after GQD treatment
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0.01 ),
Corynebacterium , Mediterraneibacter AREMHER(P
< 0.05) , HRTGEiT+5 L (K 3B) .
2.3 LEfSe 9 #7

N7 FHRAH PR YR, 8 LESe 7347
i 2 8] 22 S AR bR ac W . 4 R i E AR A
I 22 5 6 ALkt 91 22 kW)
(LDA > 2,P < 0.05), fEI'J/KF I+, Con 2H 22 51
H Y iE R AR Actinomycetota, Verrucomicrobiota,
LBP 4434 Bacillota , HAth 20 A 9 4 W] & R A0k e A=

Ligtlactobacillus | Akkermansia

ALK LESe 2087 ;B @K LEfSe 4347

(1 4A)

J& K - b, Mod 4 ¢ Ak G A= W o ik B S
( Pseudoflavonifractor) %75 K FQ & ( Prevotella) | T
HFH M ( Butyricimonas ) ; GQD-H 21 H R AEfUAE
Yok b T R B ( Mediterraneibacter ) 5 GQD-M 4
B AE Tk A ¥ N Turicibacter Methylobacterium
Massilimicrobiota ; GQD-L 20 T HFESAE Y A Blautia |
mlOEk J&
Lachnoclostridium . Anaerostipes ; LBP 21 AR AE S A
N Ligilactobacillus (K] 4B) ,

Corynebacterium | (' Paracoccus ) .

B4 [ sk LESe 7347
Note. A. Phylum level LEfSe analysis. B. Genus level LEfSe analysis.

Figure 4 LEfSe analysis of gut microorganisms at phylum and genus level

2.4 MpiEREYThEET

BRI AFE L 25 1) Y A D) RE R IR R 2GR T R HL
FI EHEE N TS GOD TG i Wk 3
BEMAS AL, 38 1o 27 3k R 4] 2 3 TR 9 B0 1) KEGG
SIHTIFAT RGN FI , @ LEfSe &4 3] GQD
SR A AT e ik KA A AR AR S
PR FE (LDA > 3,P < 0.05) (Bl 5A) , 7F Level 2

JKF E 5 Con ZHAHLEL , Mod 2H LA C IR A, 5 4n .
RALRRACHS | B K A& A e AR e B A
RS WA 2 2 A W AR A R AR
A, Mod ZH B Al AR AR, $2 75 I 18 T A 2K 0L
5 Mod AHEL,GQD #5514 LA T DIfede i , .45
Bk AL A AR F At 2 R A A B &
REI QI S AR Wy e i AN Al | T P2 1k
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;A Level 2 /K3 LEfSe 43#7 ;B : Level 2 7K-EREHLARAR T

B 5 KEGG YIRE & & im &

Note. A. Level 2 level LEfSe analysis. B. Level 2 level random forest analysis.

Figure 5 Predictive map of KEGG functional enrichment

YUYy, S BENL AR AR BT s R BRAE A P 3R
RS f B A = R A i A2 (18] 5B) il i
KEGG hfig s #fr & B GQD T i) 3= 2 52 i 1) D) fig
BEPTERRAAL G WA R AR | S P iR AR | A
PRACH R
2.5 eEEXMFEEERMEST

B R A (R A K ) R
faiB IR B 22 [N 2R | il i MetaCyc Ui % 7
IR A A RV AE DR, 45 R A&l 6, 5 Con ZHAH
Fo,Mod ZH T T LA 8 Mgt B4 . LA AR 4=

WA T (B L-2 &R ) ( L-arginine biosynthesis
I ,via L-ornithine) , L-¥§ @R AW E  1 ( £ BEAE
1) (L-arginine biosynthesis I ,acetyl cycle) , L- %
A4 A 1 (L-ornithine biosynthesis [ ), L-8 5
AW A T ( L-lysine biosynthesis 1II) , L-4#i 2 ik
= ¥)4E W VI ( L-lysine biosynthesis VI) , P4 Bl ik %
iﬁi@%@ﬁ*ﬂﬂﬂﬁ I (pyruvate fermentation to acetate
and lactate 11 ), L-Fi& 2 fR = W) & W 19 8 9 i 12
( superpathway of L-tyrosine biosynthesis) , L-#§i 2 % |
LA ZRM L-ERAREY S RESL R |
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B 6 MetaCyc UJREZE SFHEHT

Figure 6 Differential analysis of MetaCyc function

( superpathway of L-lysine, L-threonine and L-
methionine biosynthesis Il ), Mod 41 - F T LIF
W LK A MK 11 (AST & 42) ( L-arginine
degradation Il , AST pathway) , 5 % 92 % i 1) 8 2 i
1% ( superpathway of ornithine degradation) , -1 2 ik
[f# X ( L-lysine degradation X) , L-7 2 R [ fift ( L-
threonate degradation) , 1 GQD +#i/5LL I 8 NF
PADIRER A B k3, OF HAS &R . 5 &R =R
HRRPEMAT T, D ERREFERNEERE
B FEAR, 3278 GQD REIY 3R 2 5L 1R & iK1 4

3 g

oA R B BN B 5 Y 1B AT 55 T R
R HL 2 2 5| & W T RE T R 1 e 8 Y
KHERZ . AU FT AT 5 &3 GQD R i
T 2RI 1 5 B 20 20 PN A2 0 G Sk AR e T
PR BRI E 5 , GQD i X} 3k fu 37 % AN AR R
PRK B 2 1 B %) BT A 2 R Y5 K BT T K7 U
K LR R A BEE R, LBP 44 B
FRER, 90 R 3% I A W, R A R 35 1
V5, VR A E A R 25 U W R L K
IR E RS I, ARSI GQD il LBP
Vg5t BRI FE 16 9T AAD J5 i 18 o B 5 ) A8 Ak L)
K ReAEAk , M T8 B R O T 0t o8 AR R ML, AF

TR, o ZREME R GOD-M 4 . LBP 405 Mod 4H
BIRBUEY Z RN ERAT BEE R R, B SRS,
R A S Mod 450 fIJT, 1 GOD-M 415 LBP
B E E, TUEW GQD 1 LBP #JREIIAE AAD 5
R B T A D, G v g 0 AR 3 3 v )
PRSI S LBP T,

C %1 GQD T IRE UL M iE i A= Y s |, it —
AR TR FE KF B ARSE T BUAT IS 9 40 4
A, AREW] TET K- B Mod 2H 325 4R B 1Y
J& Pseudomonadota, 1M Pseudomonadota % 1 7 % 1&
TR EP A7 AR OUL DN o, 1 1) 22 ] LATE B s bl R
FT0E T Wil b AR (A P4 . GOD 4571
ZH M1 LBP 2H ' Bacillota 3= | Ff, Pseudomonadota
FREETRE, 2B GQD F1 LBP fig M35 9 i K /) B 18
WA W F B B, 2R K P b, Mod ZH
Bifidobacterium Akkermansia  Lactobacillus F-J& T [,
Pseudoflavonifractor
Escherichia FFE FF:- . AUSAT IR BT 58 2 R 8 3L
TRAT T2 2 1 P 44 Y i T, RE R A Bt
BE NS T ARE RS Z A TE B0 S Z AR
I, Pseudoflavonifractor TE 55 5 & B Wiy £ A 1iE K
FUIE N B w AR I IE B O e S RS T
WI4n T F8 bRz —1 Prevotella , Butyricimonas 35
J 8 R AE [ VI BE 2R |, Prevotella 3 FE X8I0, AH N
(9 T HBHE 17 B (Th17) 5 Toll #3214 2 HEH#LIE,

Prevotella . Butyricimonas |
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BT 5 3 A0 M A A0 LAY 3R -23 (interleukin-
23,1L-23) 404 -1 (interleukin-1,1L-1) | (A 41
ffd 4 -8 (interleukin-8, 1L-8) . 1 40 g 4+ -6
(interleukin-6,1L-6) | H éﬁiﬂ@ﬁ\§47( interleukin-17,
IL-17) 42 R B 7, 51 R AR S AL 4 B St
Escherichia #f7F Pseudomonadota , /&2 ER & FHE 15
MR 12 REEEIEZ —, %8 Escherichia
BAREE S RHE  BED R ™ H VS M B R
PETE Mod 2H AT 2 T RN SO T 1) AR N7 28 A6 4 1] feff
FHSEREE R 5 51 R AE B I0 18 25158 B [ o 3
o R GRS ETERATI

16 GOD-M 201 GQD-L 2H it P & 4 2 A8 A
Y Turicibacter . Blautia f& ELEAR 15 FRIHNH T IR
PR R R G BRI R (A7 IR | R R ) P
Bacteroides Fl Lactobacillus BE 3 i3 7= A= IH £k 7K i Hilg
R HE R R = A BRI IR S 5
6 AN G2 RIS 7 1 B 92 240 JEL %) S AR RN R B N EL
WA A SR ANME T 40 B 40 . A 4R 540 4 i
2l20) - Roseburia  Mediterraneibacter . Bacteroides Y RE
77 T BRER , Bacteroides i RE 43 WA 7 1) £ TR AR
N, TREE  CRRERMINIRER AR T SCFAs,
TR RENE 5 I ST | B I A R LA
FH DT 0160 i 5 e 92 A 2 o, ARG g 1
BT ZRREE MR R BB T A G e R IR
FH A 0 Hp P 7 200 A I 200 R s AR 6 4 i PR
T, 6 Bh T O4E R R G R o MY
Lachnoclostridium J& [ 40 fi /- & -10 (interleukin-10,
1L-10) P53 /K V- e (0 FLIBR TR IR, A R e R I
READ ] 12 M R AE , OB AR ZE ALY, AR R,
GOD T 1= B W 18 A5t 1 1Y He ], 0 BT R A
R SCFAs AR, D8l I 18 R AE , Aie 1 1 18 50 9% 3
GitasE .

GQD A o 8 A ) 25 LA 1 VR i EL
X REARLAT — 2E SR, 3 D BE T S & B GQD
H FEHBCEEBRAA S WIS | e B iR A2
IR AR, SRS DI E Bl 2 5t
RAFEAMMTEAL DI RER AR & B R L5 TH AL
WS TR A R0 = R RO 177 S8 20 M6 174 1
AR KRB B AT RE & SCRE, B B W OR IR T R
i A =R TR 4G BRI A 7 2 T LJOWHE 9% A R =R TR
(tricarboxylic acid, TCA) {5 G I REER R % VI,
WETRE A 1A% RE A 1 w0 1 [ Wk 200 L AR 280 07 K
B A K R RE > TCA B FR A

S AT RE A AR RS2 T TCA T3 AY
TR AU e 8 1 S e S iy i 2R RV RN FR B, il
TCA MG 35 R £ 02 B W5 40 it S [0 ) 5 22
PN, 25 RERL AR AHERD s,
i MetaCye 4 2 T 21 GQD T HUS#2m TH &
e I A TR B I, S =R N R R R R
1o KEEPRAE A o 5 40 I D) R 10 G S i 42, 2
HEWEAM BSR40 T 4006 B 40 rh Rk 4
M E SRR A K & B L R RET R
B IR B A OS2 R 1 BRI, Rk =R
B, SR 5 0 53 il B e 20 i R 2 AT
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mﬂﬁhﬁﬂﬁﬁ

I3 E R, A Ak, X BE R I B g, RN HAHEE, L5, 8EL
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/N C5TBL/6-Apoe™ /Nifde, i FR Apoe KO /INER) 5 SEI 2 't 58 386 7 5 PCR SE88 25 1 7R, Apoe KO 44/ R
(Apoe™ ™) W KMo JE ' AU ZH 2L 9 Apoe mRNA S 5 B AR 5 I ¥t Ak JIFL T st AV %5 8 Mg 8 1 I T /K - S 3 T
1o, ELREPHE /IS BRI v 5 8 e R 10 T T s - J 2 AR 5 R 3K S AT O Je e i, 7 IR HL B T E % iRkl 5%
#FT,%Ei”(wﬂd—tpye,wﬂ/J\ﬁfnﬂuﬁlﬁ\,/ipoe ANRINEBRELIOARTRE, i AR R E Apoe

B RN, A0 A T/ R AR R IR TRDRL T S22 B A 1) S8 1 g AR K% 32 sh ik P ISR B AR SR 4#1iE , 2 Apoe KO /N
EEL TSR AL T SR, O AR A R R A S SR A

[%487]) Apoe;C5TBL/6-Apoe™ /Nifde ; CRISPR/ Cas9 ; I AS AL ; = 3l ik
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Use of CRISPR/Cas9 system for establishment and characterization of
Apoe gene knockout mice model
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[ Abstract] Objective The CRISPR/Cas9 system was utilized to generate an Apoe knockout mice model to support
further investigations of the role of Apoe in lipid metabolism and atherosclerosis. Methods Two single guide RNAs
designed for Apoe in C57BL/6] mice were co-injected with Cas9 mRNA into fertilized eggs, followed by transplantation into
ICR recipient mice to obtain F generation mice. KO mice were identified by polymerase chain reaction (PCR) screening of
tail DNA. Apoe mRNA expression in various lissues was assessed by quantitative real-time PCR and lipid indexes were
measured in serum samples. Lipid accumulation in the inner lining of aortic vessels was detected by oil red O staining.
Results PCR and sequencing confirmed the successful construction of Apoe KO mice ( C57BL/6-Apoe™ /Nifdc). Apoe

mRNA levels were significantly reduced in the liver, brain, spleen, kidney, and lung tissues of Apoe KO homozygous mice
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(Apoe™™), as shown by reverse transcription quantitative real-time PCR. Serum total cholesterol and low-density

lipoprotein cholesterol levels were increased in Apoe™ ™ mice, and high-density lipoprotein cholesterol levels were decreased

in male Apoe™” mice. Extensive lipid plaques were observed in the inner lining of the arteries in Apoe™” mice compared

with WT mice, under normal chow consumption conditions. Conclusions This study successfully established an Apoe KO

mice model exhibiting a typical abnormal lipid metabolism phenotype with arterial lipid accumulation, even without a high-

fat diet intervention. This work provides background data for the Apoe KO mice resource and a new model for the study of

abnormal lipid metabolism.

[ Keywords)
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AEFRFIE H A JIEL T 1 AP X T L 3l 4 A e
BB f 2 oGt IR /K 1 T e o
PRI EE R R R, RREAE TR, HES
BIREOLE LMK PR s, BIsHEA
E (apolipoprotein E, Apoe) JE—F Z&EE A S 58
HE AL S R 2 AR E IR B (very
low density lipoprotein , VLDL) 175 % & g #5 1 ( high
density lipoprotein, HDL) 9 ZH 58 4 , 7 Bg & 1 FIH
[T P 16 3 R P A TP S % FEEEAE . Apoe
BAE PR b A i 24 Apoe 1 fi 2 18 B ik 2%
Bp, NG s W AL 2 ™ Y g AR ILE
TE Apoe FBR/INEL R BBk RERE fL 23 F AT K R,
JE Bl K ok FE BE AL nY BEARBE AL, B O 1992 4
PIEDRAHITA %51 ¥ Ui i IR i T 40 i 47 $0 5 A
Jih Apoe HNZ J5 , R85 T Apoe 12
DR AR O NS RE MA RS MR RS
JERGE B AL F A R 2 R A PO BE
HOEE EEAEH , FIR Apoe JEH A Bk /N BRUZE E N
SMEFRBC )iz A8 22 N S5 L aE e R A H]
BGPTSR T REAF TR R AR, PR, AR
3Gt CRISPR/Cas9 H AR HE T Apoe FE PH B /N
R (Apoe KO /INEL) , KM 43 HF T Apoe X IfiL g
AR LA i35 S s ik kAR R AL 9 DI REVE T, 24 Apoe 14
Pl fiE S ) LRI A 5 4 AT AR BT R

1 HREH®

1.1 ##
1.1.1 SExshd

20 H 15 ~ 20 g B9 4 ~ 6 JA#A SPF 2% M v
C57BL/6J /NEL,20 H 30 ~ 35 g 1Y 10 ~ 12 J& i
SPF it C57TBL/6J /INERFT 10 H 25 ~ 30 g 1Y 6
~ 8 JEIY SPF ZMfit: ICR /N B Hh kG e 52 56 sh 4 9%
TRFT 28 R AE[ SCXK ( 57)2022-0002] , 4 % F A%
BN S B W0 DR AIE 5T BT B B PR 0 P [ SYXK (30

Apoe; C5TBL/6-Apoe™ /Nifde; CRISPR/Cas9; lipid metabolism; aorta

2022-0014]), T 3= 25 T/ BUAR o fpRl (Tl
I TR A RA R BOKHE A KK, SR
BT % 20 ~ 26 °C XN 40% ~ 70% , HE B
12 h B/12 h . A 8RR 6 A AL S e 3h 1)
RBLAFEER (PRSI () 56 2024(B) 011 ),
112 FZEF SR

mMESSAGE mMACHINE T7 % # ik # &
(AM1344) | Z 2 ¢ 11 2 n 2 i 0 & ( AM1350) |
MEGAshortscript T7 Transcription Kit ( AM1354) 1
MEGAclear Transcription Clean-Up Kit ( AM1908) #J
) F Thermo Fisher; RNeasy Mini kit ( 74104 ) 4 F
QIAGEN; RNA #& Htis 7] ( AN30307A ) . RT-PCR i
& (AM81680A ) Fll %< Ot & & PCR ik /| &
(AM81776A ) W T TaKaRa; i 2. O ik # &
(0803A22) It T LEAGENE,

ol 5 ST ( FemtoJet 4i, Eppendorf) 5 {2 13
BEVEST R % (IXT71, OLYMPUS) ; %¢ )6 € & PCR Y
(LC480 T, Roche ); # % & 4 )t Ot & it
( Nanodrop2000, Thermo ) ; & ¥ i i3 % ( SM2745,
Nikon) ; ¥ 75 85 0> HL ( 3-18KS, Sigma ) ; PCR ## {X
(K960, Heal Force); 4= H 3l 4= 1k 43 14X (7180,

HITACHI)
1.2 FiE
1.2. 1 /INER Apoe Fi& PRI B 53 5 Wk

IR Apoe FEREN T/ 7 S YOk, &F 4
ANHNEF, G TR RGN B Apoe JERI 254
1E 2 S H1 3 AR F 53Tt 2 4 sgRNA $E47 45,
ik CRISPR/Cas9 i B AR FIR 2 51 3 54 i
TR IG (H 15 Apoe K 11 JCHEEIE# B, f 2t
LR B ARTY
1.2.2  sgRNA RSN G B S 5%

/INER Apoe F£IK Gene ID(NCBI) ;11 816 Efi T
/NEL 7 5 G2 4 {K ( Chromosome7 : 19, 430, 034-19,
433, 113, Ensembl: ENSMUSG00000002985 ) , 4 K
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B 1 Apoe F:H bR/ U L SR s

Figure 1 Construction strategy of Apoe knockout mice

4518 bp , 1 E 11 NMEFEA, Apoe-206 5 SEAK
1408 bp, f 4 MHME T, ARYE wl BRAR A 3% 1 R ],
VEREA A 2 ST 3 S ANE TR
PRIXER, 752 58 3 SAh 51y B o it 2
A sgRNA FEA 5, 38 35 7F 28 35 https :// cctop. cos.
uni-heidelberg. de/ 113K 1% sgRNA JF51] (40 1 Jir
IR) o JFAE sgRNA 11 5 i 3 [ 3 hitp :// www.
rgenome. net/ K P H I 75 A7 76 V8 TR AL A7 A, 5 I
% sgRNA {UA —A~ HFR#L S,

=1 sgRNA FIIE E
Table 1 sgRNA sequence information

sgRNA HUF%1] FFIMEE(5-3")

sgRNA target sequence Sequence information(5’ =3

F:TAGGTATGGAGCAAGGACTTGCTG
R:AAACCAGCAAGTCCTTGCTCCATA
F:TAGGGCAGGCCCTGAACCGCTTCT
R:AAACAGAAGCGGTTCAGGGCCTGC

sgRNA1

sgRNA2

1906 e 2R K GE B2 G 1 Bbs T EY) pT7
JEokL SR JE FERERE AL, R H BRER 4 A FETE UET T TOR R
B, A 70 P B, AT IE A Y sgRNA J5RE A
BiMR 4T PCR 3%, PCR 2514.95 °C 5 min;95 C
305,55 °C 30 5,72 C 15 s, 3L 30 MEH, SN R P
ZHIET 4 CHRAF, PCR Y HE=HmA 2 5K
JorK B, 12 000 r/min #5.0 10 min, 372 L, 0
A 500 pl. 70% B PR 2 R, SR IE B ULTE R T 30
wL RNase free /K H, ffi F§ MEGAshonscript T7
Transcription Kit HEATAA AN 5% , T 37%C WHE 4h ,@?
Ji i A DNase 7 4t 20 min, f# /| MEGAclear
Transcription Clean-Up Kit Ziifk /=¥y, £ ik — 2 W 4i
I REAET-80 CHH
1.2.3  Cas9 mRNA HIRINE S

K px330 Bk A AR, >R A Hind It 17 i

Y1, Bk MR R B2 A 30 wL RNase free K
7 i, DLl W S B AR, Rl mMESSAGE
mMACHINE T7 Transcription kit #4714 ¥ %% 5% T
37 CHFE 2 h, SRJG A DNase 71K 20 min, FHfii
Poly(A) Tailing kit ke 50 min, g =R ] RNeasy
Mini kit X = A7 4lifk , P2k B D I 43 2 A7 T
-80 C&H.

1.2.4 SRS ZIERFB AL

4 ~ 6 il C57TBL/6 MEVE/N BUBEHEDR 5 55 1
UG8, Pk DLAS o B, 500 L, A i B9 A v I
WS 52 K5 BP 40 B, % A A 47 B sgRNA il Cas9
mRNA T oK [ ik IR A W sgRNA 50 ng/plL,
Cas9 mRNA 100 ng/pL, 12 000 r/min 5> 40 min,
W E R, DL 2, TR A O O A D3 B A i
AR, AT WA I, FR AR T (%) 2 R T A IR
R 3R ,37 °C,5% CO, £53% 30 ~ 60 min, ff)5
P FS A B2 B B 8 N, 48 B R K B A U]
FTIVC g, BB~ F, AN R 5 5
FE AT BE R Y S 5 i
1.2.5 SERF 9 06 E &= 3 S PCR ( reverse
transcription quantitative real-time PCR,RT-qPCR)

43 L Apoe KO 4l /INR 5[] 5 B A= 7/ FR
ZUHT RT-qPCR £, i JH] RNAiso Plus $2H(ZH 41
RNA , KM RNA ¥ B S 4652 1 5E OD,g 0/ ODogo o
K ODyg ./ ODoy o FMEAE 1.8 ~ 2.2 BB, S
FA cDNA J5, B Gapdh 3 N2 %] RT-qPCR 4%
ARXTHHATFRIB R I E . NI SR AT .95 C
5 min;95 °C 10 5,60 °C 30 s(40 MEH) ;95 C 15 s,
60 C 60 s, 95 C 15 s, [wi&5HR(#F LC480 Software
L5 AR b, BT A S R AE ) — B d A
3 KEE ,RT-qPCR 5#4n# 2 fiis,
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2 Apoe KO /A AR

Figure 2 Construction process of Apoe KO mice

%2 RT-qPCR 51¥/%%1
Table 2 RT-qPCR primer sequences

519 FPAURE(5-3") fEEEIRLEE/ C GC & H/ % TR/ bp
Primer Sequence information(5’ =3") Tm/C GC/ % Product length/bp
Apoe F:CCGTGCTGTTGGTCACATT 58.67 52.63 o1
R:CAGGGTTGGTTGCTTTGC 57.24 55.56
F.:GGTCGGTGTGAACGGATTTG 59.48 55.00
Gapdh 97
R:GAAGGGGTCGTTGATGGCAA 60. 61 55.00

1.2.6 IR E

ST 0.5 mg/mL BYEF 3%, /I BURR I 5 R 42 1L
W, A MFRE 1 ~ 2 h, 7 I TS 708 [ 5 250 03 15
3 )03, O 4 A 3h o B A RL R B
( cholesterol , Chol ) | H ¥l =& ( triglyceride, TG ) | fi&
% IR & M [E BE (low  density lipoprotein
cholesterol, LDL-C ) I = %% i Ji§ 8 11 I [ B ( high
density lipoprotein cholesterol , HDL-C ) {27 & % Il
HEAT AR HE FRAS
1.2.7 Skt RE AR A

K /N A MO T8 T A ) 5, JRR S BT T M
JE, FEor R e O NE B AT AR FRER K AR i T A BT Sk
HDRAIEA LD E A O B3I —/ N T 4
ERHEU . WEI SE US43 B E S IKOT BT 4% 1Y B R
T E , [ % S5 4 I8 A0 A 22 A% I8 s 88 T e
W4 Vannas 5557 7 T4 32 2 kB 109 40 A AL 45 A8 i
I R BIKS RE M F T REAS E sk, BRI )
F BN BT I IF AT E . 60% S N B iR
PE20 ~ 30 s JE M RAIAT O Je ik, % 4L

10 ~ 15 min, FEE A 60% 5 NEERE L2 BR YL, 28
TR . decJ 15 148 Fo 411 HR, 0 B B 1 5 ke 1)
1.3 SitESHH

HH SPSS 23. 0 1 Graphpad 8. 0 {41401 12%
TN AR + PRIEZE (2 = 5) R/, Rk ¢
KB4, LA P < 0.05 NEGGH¥E X,

2 H R

2.1 Apoe KO /MNRHEIER

R 3 FroR B T 5 1Y 80 A2 K IR A% A
MR E N, AR 30 2 F AUNR,
Wi PCR 455 R 3647 5 NIRRT 5 & Ak
[FVRE 4B R, 3 80kt & A B HL SR (& 3A)
XF PCR F=¥ 47 Sanger T, 5 Ha bR/ R 4350 K
25 (METE, BEER 934 bp), 13 5 (MEYE, BiER 773
bp) ,18 5 (HEYE, Bl 603 bp) , 21 5 (HEYE, w5
437 bp) ,27 5 (MEME, BiBR 721 bp) (K 3B ~ 3G),
45 CRISPR/ Cas9 1 TAEJF I — 237 PAM 75

3 Apoe KO /N 1 i 72

Table 3 Procedures for acquisition of Apoe KO mice

oz JERG R AEEL A HAE /NS R PSR B /N BB R G BH /N R A R
- Number of embryos Number of born Number of knock-out positive Number of positive mice
Stain . . .
transferred/numbers mice/numbers mice/numbers was screened/numbers
C57BL/6] 80 30 5 2
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A PCR %5E Fy A0/NRUIE IR B AR 0 517 KN : 1147 by, B BER/N 3118 934 bp, 773 bp,603 bp,437 bp, 721 bp; B Fy 1/
WP AT ;C ~ G.5 K Fy 18 Apoe KO /N Sanger 714 &

B3 Apoe KO /N
Note. A. F, generation mice genotypes were identified by PCR. Size of wild-type band was 1147 bp, and the size of knockout band was 934 bp,

773 bp, 603 bp, 677 bp, 721 bp. B. Sequencing comparison of F, generation mice. C ~ G. Sanger sequencing peak result of F, positive Apoe

KO mice.
Figure 3 Screening of Apoe KO mice
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UERES 3 AL DR T IHT2E, TR AR 4 B 4% sgRNA
AT LA B AR r bR 25 2 605 bp, DL #BR /N ERK
HOAE H AR R BERHIT . 2w B0 o8 26 B, 7 FEAE /N R
(R 3 I S o BOHE T LR 3 A A B i
RBRE/NER R, BB T A 13 S 21 5
PR /ISR T4 % AR il T 21 5 BE /N R

TE: A: Apoe KO /MR ZERIHEME ;B F, F/NEL PCR %8 /N AR R B,

17528, ¥ 21 5 Fy AU B A BN R AS I , 3R
£ F, fR/NE, it PCR e ) Apoe KO 225 /MR
(Apoe™ ™) (F 4A) , wfmiad F, R4 E&/MRA R
IR F, 18 Apoe KO i1/ (Apoe™ ™) , PCR 4553
WA 4B firoR . BFA B S5 KN R 1147 bp, miR B
A K/INR 677 b,

4 Apoe KO #lifs/INRIBHH 5 %2
Note. A. Reproductive strategy of Apoe KO mice. B. Genotyping were identified by PCR of F, generation mice.

Figure 4 Reproduction and identification of Apoe™” mice

2.2 Apoe mRNA X FRIE=EMT

H T AR BRECR 1 Apoe SERAYER 2 5415
TR 3 S Tt L RS9, # A RT-qPCR
Kl 3 ~ 4 F /N BRAZU ) Apoe mRNA ik K
LN S s, 5B AR RN A H, Apoe KO 464
ANERER T L i B AR i 2 2 R Y Apoe mRNA &
ROV 3 B AR, JLT- K2 I AS 2] Apoe mRNA 11 3%
ik, 3K F B Apoe 3L K Bk BT LB, R34S T Apoe
KO Zli&/Ml.
2.3 /MRIMAERETHEZN

IR 3 ~ 4 JF /N BRI A5 T i B £
IR AR, 25 AN 1E] 6 iR, B9R Apoe KO 44 /N
A4 H 3 = R K S B A RN BG5S (HLE
[ K 2 T e, TR T LDL-C 5 HDL-C,
KB Apoe KO Zli4/INRIMLIE 1 AY LDL-C &3 T+,
{H HDL-C 345 & 3 7254k, i — 2 0B & 3L, Apoe
KO Zi&5 HatE /N U I % HDL-C i 35 ARG 17 i
INRICEE 2SS . X R Apoe JLPH 23 5% w1l A
AR, I B /N B B B
2.4 INREFBKMERAERRE

fifEE] 3 ~ 4 AR/, AT O Jea H ik
M4, G0 7A B, B AR RN B 32 30 bk i 45 14
W, TCATATIM AT O PHAERR B BEH, 1 5] # 1Y Apoe

0 5 ARV, ™ P < 0.01, (FEIR)
B 5 Apoe KO 4G /N T Apoe mRNA B335
IKF(x +s,n = 4)
Note. Compared with WT mice, ™ P < 0.01. ( The same
in the following figures)
Figure 5 Apoe mRNA expression levels in

Apoe”” mice(x + s,n = 4)

KO 45 /INERA 3l Bk RE RS 35 A T4l O Yt PHM:
RN BB, ikl 7A Fi3k rds , Apoe KO 25
AN EBIIK S |15 3 3 CORN 48 28 SRR 43 A
el fig Bupdb, [A] A X B AR B /N R Apoe #4171
FUPTHEL O Yt BHE B  Ge it R I, —H A AE
WEMZES (K TB) , XL R R 7R A
BRI EDL T, Apoe KO 45 /NRAE3 ~ 4 H
7 P B i S R 805 T2 13 530 0 ok ok A Rl ) AR A
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FE A TG KFHHE ;B2 Chol /K 4K C: LDL-C /K Hu#2 5 D HDL-C /K HO 5 F o bk FIDL-C /K57 o488 F 2 itk FIDL-C /K i s S5 7
HERUNEAHLE, * P < 0.05,

6 3 ~ 4 JJ#% Apoe KO gliG/NR 5 RBP4 AVNRIMAS AL (2 £ s,n = 5)
Note. A. Comparison of TG levels. B. Comparison of Chol level. C. Comparison of LDL-C levels. D. Comparison of HDL-C levels. E.
Comparison of HDL-C levels in male mice. F. Comparison of HDL-C levels in famale mice. Compared with WT mice, * P < 0. 05.

Figure 6 Comparison of serum lipid levels between Apoe™” mice and WT mice at 3 ~ 4 months age(X + s,n = 5)

TE:A: ESPAARARMAL O et 13k MLl O PP B ; B A NKIN AL O Bk I G RO S,
7 Apoe KO 4lig /NS B A AN RUILAR ESIBKAERINAL O i (x + s,n = 5)
Note. A. Oil red O staining of aorta root. Arrow. Oil red O positive staining plaque. B. Statistical analysis of aorta oil red O positive staining plaque.

Figure 7 il red O staining of aorta root of Apoe™” mice and WT mice(% = s,n = 5)
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3 e

(A
NP 55 2k TR T e 4 VIAH G, B 53 2 1R 19 3y
RS A Ak A Bh 2 40 ) T B 4%l 3 R
L A R TR P i R AR TR AN AN A B oo
P RY T, | b S A 5% L PR D) BB 9 1k ik
A 3 PR 2 i 1) /0N BRORR R 9 )32 I T 22 Rl
FEAI, T /NS A 90% [RIE A | A i s g
SR IIRERTLIZEHE R NS 1Y Apoe E—Fh £
DIREEE 1 A 3 A 25 11 0% 2H 53 76 B 5T i i v ke
FHEEEMY AR, 8 i I 40 ) U
TR EE T AHR 1R B2 Apoe /N BRUFE B Tk A 15 &2
02 A R Sk R AL R AR

CRISPR/ Cas9 FE [ 4t 5 AR J2 38 5 sgRNA 5|
SRR H AR N P R 7 S TR A,
Pl 2 AL HAPF S R N i R, 1
AT i B 6 2% sgRNA BEf% T 0 a5 B o7
PIR R BRI, it B R A7 o5 Hp 1] DX 38 B 1 i 2k
FHLE T H— sgRNA fg 18 52 I = 19 # BRAICR DL &
At IR AR PCR MNP0 it F, 18
8 BHE R /N B, — B B A5 5 TR T 1Y sgRNA Tl
B v BN /N B, HEBR fBR F Be K/ R 3 Y
B /R, TR R B 24 By AR/ A, L
TRUERERE Y B2 1Y AR /D BUREAA, e T PR /N R
FEY A AR 3, W] LA Se % B e /N BRAE R
Fo /N FEABIGE Y B8 T 437 bp R BeiiBRmy
21 5 Fy RN, 78 F, RIAFLEE 1Y Apoe
KO /N, 5B, Apoe TE LA HLUh 84 i
Feik  HoP P42 Apoe 8 B T84 N 50,
1 RT-qPCR A 2] Apoe mRNA 7887 A= /N R G
JH BB i B R i 38 UL I i R A e,
52 BRI S R — 2, 1 AR Apoe FEH Y4l G T
/N LF KA 2] Apoe mRNA F 23K | X IE
AF RS /)N FEURSS AR Py A 2 LT 1Y

Apoe 1EH I3 A B /K- B SR 75 H - fig
S5 M NG A R A S . XN B v AR
Pt K S K I 245 BR 5 7R Apoe KO 2025 /1N BUIH [ i
LDL-C 7K 2 2 TH, HEPE Apoe KO 4li4/INi HDL-
C K- 5B A, LUK Apoe KO 4ii4 /8 B3 3 ik iy
BEIE R i Jo 22 AR, 3 AR I B0 Jok ok A s A 1) L 30
FERT S /IN BRI B ok o A A A LA s ) A o v T 5k
JRShkF A%, PRI it Al AR I 67 7 A 000 v /) BRUAFE i
PR IC B AR 3 ~ 4 A /N4

Tk ok AL B AR A SCERRWIAE 8 ~ 9

J N b s Dk RE RS B B Tz i AR A A HE

% I HH BRGS0 S K oK) Ao RSB A 78 | RE 8 3045 B4 1Y

TRFRAFFAE " 7 Bl I o AR R AL 15 1 /) RS 7

T, Apoe FED BRI /N B 2x 1 KR FL Bl Ik o Ao Al

b, 1838 8 LRSS 2 ad i v A W PRI Apoe

KO /NS Bl Jik ok e A AL 0 7, B i L 2R IR

WA SR RERE AL I RAE , WASBIF ST E IE

9 AR m B RDRHE B0 B AT U £ ) SR 1Y il o

DEPRSR Y | R WK A AS KL R ] LA T 3l Joiko ok A i Ak

W

25 b AW T CRISPR/ Cas9 & [H 4 i A

I Apoe KO /N UEAY 536 HAE it g A5 LA

LML T B S REHET T RILDHHE, A3 Apoe 1E

LY P 24843 I e R 285 T ok 7L BE TRk Y T BE , 7

AR Sl Ko e BB AL Y & S . 7351, Apoe TEFH

2 M SEVF 2P0 A A B R AR, AR

AL THT Apoe KO /NEL, JF HAEMLAR 4 L2

JEARIRBERS I B0 LA S AR5 A5 8 B3R Y, O 4

HIBFFE Apoe FERH I T REFR ML T 3R
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BOMNHEE 25K, 5t 550025)

[HZE] BE AP SSRGS /N 2 BUBE IR (type 2 diabetes mellitus, T2DM ) . FF 19 K iEAR 24 119
FEE L AT R R A GRS, FiE BEHL 6 St MN/NEE 26 L, L E & 4 6 FUR FH LRl iR B R 3% 10 4
A, T2DM KPP R IR A ZH 20 HOR A b BRI bl 10 >3 5 MoK BIRINESR 3 A3 M T st/ il
J#% T2DM SBAPI B USRS, LI/MEEAC JAEREAC 473 G H 0 B BRI S 0 M i B B S (P8 5 0 TR R A
HERIERY , ML CD4™ (CD8™ K P& LUAH, cAMP (cGMP Je P LA 7 RLLEAM(R) SREAMH(G) I O(H (B) WAL
SBAP AR, R FH 25 I8 LB ( fasting blood glucose, FBG) . %5 8 Jik i 2 (fasting insulin, FINS) | # fb il 21 25
(glycated hemoglobin, HbAlc) | #¥ fif 1 SZ 5 ( glucose tolerance test, OGTT) | i & 2 HL T 75 £X ( homeostasis model
assessment of insulin resistance, HOMA-IR) H i =g (triglycerides, TG) . & JH[E [ (total cholesterol, TC) B ENRE
FIEE B ( high-density lipoprotein cholesterol, HDL-C) %% J& fig 8 1 I [ B ( low-density lipoprotein cholesterol , LDL-
C) BB JE AT ] ( prothrombin time, PT) 3 A6 43¢ ML 15 B A 8] (activated partial thromboplastin time , APTT) Aie
PR, IR AR FR AL (HE ) Je MR IR A ZUB SR IT A T2DM, £55R BCHUZH /N BB I A T BE45 O 14
R PfE = 01 b WSl KSR RE O B 2R B TOGEE B KING ; AE AT 8l SRR A FER
N B EPEEMRIR(P < 0.05) s HFREHLATLE 8D & 5 IER AAH L, B /NS SC 0 & 45 45 1L )
T FBG .HbAlec . HOMA-IR \TC LDL-C .cAMP .cGMP .75 % R .G .B {H I # &%, PT APTT . CD4* .CD4*/CD8" {H It &
TR, TG FFHE (P > 0.05) ,HDL-C FF & (P > 0.05) ,cGMP JFE (P > 0.05) ;s B YL {6 B 7R AR 2 Uk OR . 451
SR FH v A v B e A B A S0 B v 24 AR MR Y 1% T R D) ST T2DM SR W S /N BB AR A R A v B IR A I
LI = Iy B AR RN LD D KR TE ) Y FERE AL/ IME (27 B T RR R T SN IR
WEAE BTG R S ENR 1 JCAR T , 2 UG G S h RO S R AR I R R I
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Establishment and evaluation of a Qi Yin deficiency syndrome model of
type 2 diabetes in Guizhou miniature pigs
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[ Abstract] Objective To explore the construction method, evaluation system, and related indicators of the Qi Yin
deficiency syndrome model of type 2 diabetes (T2DM) in Guizhou miniature pigs. Methods Twenty-six 6-month-old

Guizhou miniature pigs were divided into 2 groups: pigs fed a basic diet for 10 months ( normal group, n = 6), and pigs
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fed a high-sugar, high-fat diet for 10 months followed by Qingpi Fuzi decoction for 3 months ( Qi Yin deficiency in T2DM
model group, n = 20). Qi Yin deficiency in the T2DM model was created in Guizhou miniature pigs. Traditional Chinese
medicine syndrome types were evaluated using five scales, including urination, defecation, movement and mental state,
response to the surrounding environment, and color of the skin, hair, and nasal disc. Serum CD4" and CD8" and their
ratios, cAMP and ¢GMP and their ratios, as well as tongue RGB color values were used to evaluate Qi Yin deficiency
syndrome. Fasting blood glucose ( FBG), glycosylated hemoglobin ( HbAlc ), glucose tolerance test ( OGTT),
homeostasis model assessment of insulin resistance( HOMA-IR) , triglycerides (TG) , total cholesterol (TC) , high-density
lipoprotein-cholesterol (HDL-C) , low-density lipoprotein-cholesterol (LDL-C), prothrombin time (PT) , activated partial
thromboplastin time (APTT), and other indicators were used to evaluate T2DM. Results Physically, the model group
pigs were overweight and showed fatigue, with a tendency to lie down, lethargy, overeating and drinking, and dull fur. The
defecation, movement and mental state, response to the surrounding environment, and color of the skin, fur, and nasal
disc scores were relatively low (P < 0.05). The tongue appeared red with no or little coating. Pigs in the model group
showed significantly lower of FBG, HbAlc, HOMA-IR, TC, LDL-C, cAMP, and ¢cGMP, compared with the normal
group. The RGB values of the tongue images were significantly reduced. The PT, APTT, CD4", and CD4"/CD8" values
were also significantly reduced, and TG, HDL-C, and ¢cGMP were all elevated (all P > 0.05). Pathological staining
showed destruction of pancreatic tissue. Conclusions The method of using a high-sugar and high-fat diet combined with
traditional Chinese medicine for breaking Qi and damaging Yin can be used to establish a small pig model of T2DM with Qi
Yin deficiency. The established model shows the main symptoms of fatigue, thirst, shortness of breath and lethargy,
redness and dryness of the tongue, lack of coating on the tongue, and a weak pulse in traditional Chinese medicine
syndromes, as well as concurrent symptoms including yellow and transparent urine, dry stools, slow response, curling up,
dull fur, and a gray and dull nasal disc, as well as clinical manifestations of abnormal glucose and lipid metabolism and
insulin resistance.

[ Keywords] Guizhou miniature pig; type 2 diabetes mellitus; Qi Yin deficiency syndrome; fasting blood glucose
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WIS 2PN R SR, t S WA () 1B
BRI FIT S5 LA P s XL A AR A A S e
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“UHVE” YaWE , FEER LR PR I, 2022 4F ARG
FHER I Z R EE B A B BEAE 7 ) TR 35 1 DM s
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Tk SIEAGE H A SR P F R R 1 3 15 A5 vk R i
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1 #MR57AE
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22315976) ,CD4" .CD8* X5 & (R M T & 15 4= Rl
B4 B2 &, RX501095P ), B4 B B2 IR ( cyclic
adenosine monophosphate, ¢cAMP ), I # R & Ff
(eyclic guanosine monophosphate , cGMP ) {57l & ( JR
T B AR A= W B A BR 2 F], RX501017P ), GHb
INS Il & (RN EFEEDRE AR A,
RX500940P) , 10 mL P {H B i3 55 & (79 )1] 1 5 24l
A BRITATA ], H20040079)

% P OB IR (2 RIS Wi AT FRA 7], ACCU-
CHEK Performa ) , HS11 B H0f% A ML ( & + A A,
FinePix HSIT), f5 20 & H % W & 0 Wl (K g,
D3024R) , i b5 A8 I 4% ( BioTeK , Epoch ) , 4= H 314
A BT ( Y EE FE A Bl , Chemray 420) , i 7K
( DIAPATH , Donatello) , fLHEHIL ( #4275 HE 145 BR
4NHE]LIB-PS)

1.2 FHik
1.2.1  sh¥yird S

¥ 26 H 6 H /N REAL Sl T2DM B W
FEMEAR I (LR AR RIZE )20 HANE# 416 H,
Hrp AR MEME 10 M 10 L, IE W ALMEME 2
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FEUf B3R AE =5 A = B R oA T R B K R
ISR ey N S i ap S S e
o, DA LSEE /NS R PIIR (R 8 s
A4 05 B A BARHK, ST RN 10 A
1.2.2 5 R BT K R il 25

FERIAE L AR v, JUA% G T R S 3 - 2 W
Bil, HE, MR 8 A5 FE 4K, I
30 min, B, #FATEE —IRAE WAL FFLE 1 b JF
MRt e izt IR 253, I I AFH 24 F 24544
JE 4 5 Atk PEAT AR 2 R, FIREFFZE 1 h
J& R A L€, RS B 25 A T, Tl
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1.2.3  /NEVRE T2MD S R iE H B2k AL PP I
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PR I M R 326 2 o I i 3 A B AR )
(R 23 2 R FE 48 S BRI ) ) (o B PR 1 PR
BIrie ) =& h T2DM S Y1 R IE Y A R 2
M= ) SR AR RS R
& KK TC 7 4 FEAE , /ME 5 R AE T 45 55 ik,
e T /MBS KAEAE B AT 3 BORE X RS
RGN BRI OEE S AN A b B E B
(HARIZR 1 ~ 5) , RICH AR TEHE AR AR N A 7 v
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TS T AR 2 20X T N EHH PRI (132 W s o 2
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AR [ RS sh ) & 5 2 0 2 AR G RLE , /N
() MD 2 Wi b5 ;. FBG = 6. 77 mmol/L R Ay i 45
527 R
1.2.5  /NRVERE R POKE RS lE
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5510 AN B JRNE SR/ INEDIE ) 24 h MoK IR E R .
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wER = (RHER B Sk - B BRI
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resistance , HOMA-IR)

WHERANHFESNE 16 h 5 A S iR

F1 MERFITER

Table 1 Evaluation of urinary conditions

model assessment of insulin

PEA/4 N
T me ok it
. Colour Smell Texture
points
. ) vk _
Unsavory
1 v 2L &)
Deep yellow Mild odor Transparent
ST R M AERZ o ey ]
2 » Stinky and filthy, Between
Between the two . ’
still tolerable the two
3 W RPGHELL 32 Ik
Pale yellow Stinky and unbearable Turbidity
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Table 2 Evaluation of bowel movements

W/ 5% g 2N JBii
Score/point Colour Character Texture
{ @ g fuf
Black Spherical Hard
ek T Y
2 e A Modﬁji%ofne 5
Yellow Molding 5

and hardness

3 IRE KA L7
Pale yellow Watery stool Soft

R3 AT IAEIEER

Table 3 Action and mental assessment form

W/ oy NS K
Score/point State Spirit
JEIRE
0 -
No response
M Z 93 L HEPIZRAE Ol
1 Feeling tired and weak, Mental lethargy,
prone to lying down lifelessness
; e N
FLR T %fq]rr'ﬂ‘f,ﬁ@
2 . Spiritually decent,
Natural standing . .
with spirit
brgh ers HE KEoTAT B R
3 Be active, climb fences, Mental excitement,
arch cages even irritability

R4 RIEBROVAE O E R

Table 4 Evaluation of environmental response

PEar/ oy SR ML [EEAPRUEPUEZS
Score/point Regular observation Observe after tapping the cage
0 oSN e SN
No response No response
3 R i 45 /D5 I
FBLRBE B4 5] BT Jnl
1 Slow reaction, curling up, .
Slow movement, no sound
less movement
) 25 2 B R AT MBI
Easy to be frightened Act quickly, shout loudly
P N UNE IS E7) JENZAXS BT R IN St
3 Quick response, Intense confrontation,

natural tail swing timely evasion

RS HEBHMOEFER

Table 5 Evaluation table for skin and hair nose disc color

W/ o3 REBAE DXL )
Score/point Fur color Nasal disc color
T 4 s B AT BT 5
0 Obvious shedding Pale white and unadorned

with severe cyan purple

e RATRERET 5

1 Gray and dark Pale white with no bloom

or clumping

and mild cyan purple

) BEAM IO wE e
Uneven, dull fur color Light white and unadorned
X e B
Smooth fur color Light red

4%, AR, I 3 Yk, BOF-%L, 3T FBG,

WHI I /NG ZSIE 12 ~ 16 h, RJG 4T
50% I EFH W, R 1.2 mL/kg, 38 33 B2 i bk
S, SRR Bt 3 ming, SCHR IS AESS 3,10,
30.60.90 1 120 min T 53 FWLIN MR 7K AR AL

ELISA ¥ & M 25 i@ i B 3 (fasting insulin,
FINS) Fil HbAlc M & &,

715 HOMA-IR, H 315 24 X . HOMA-IR =
FBG x FINS / 22.5,

1.2.8  IfiL i DU 307 % 55 i AG: ]

TSI AE AHT, BT AT S 56 vp 1 /N B TR R 4T Hip
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o 1A A A2 B AR 224 i 46 A, 4
H W = WE ( triglycerides, TG ) . &L AH [# B5 ( total
cholesterol , TC) . 155 % & I 25 1 JH [ P ( high-density
lipoprotein cholesterol , HDL-C ) | ik % JE JIg £ 1 JIH [if]
P (low-density lipoprotein cholesterol , LDL-C ) | #E Ifil
g U (8] ( prothrombin time, PT) | & £ 8 43 B ML 1
JiEAF[E] ( activated partial thromboplastin time , APTT)
1.2.9 Ifil7E CD4" .CD8* .cAMP .cGMP 5 &l & f&
CD4'/CD8" .cAMP/cGMP 117

ANEURE R FERRIDKCR MM, 73 B I , —80 °CIRAF 45
JH. ELISA SZEAG M7 CD4* .CD8* .cAMP ,cGMP
&, 15 CD4'/CD8" [ cAMP/cGMP H(H
1.2.10 JRARAZUFARR-PHL(HE ) G @52

SR A 1R, AR E 16 h 5 REEIFALSE,
JHR AR 20 B AR AT AE 4% 22 5 W RS [ 2 W, HE
gefn, OGEE T IRIRA ZUE SR 1k,

L3 FitFESH

iz JH] SPSS 26. 0 #Geit, Budls LI HME + bR
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T HIEHAMI, " P <0.05,"P<0.0l, (FEM)
B 1 /DB BT S
Note. Compared with normal group, * P < 0.05, P < 0.01. (The
same in the following figures and tables)
Figure 1 Observation on traditional Chinese medicine

syndrome scoring of miniature pigs

2.2 INBEUBEEERYRKE RRENE

SRR, 5IE R AU L, B A R R R
FEWE (P < 0.05) oK EBERI(P <0.05) K
TR EERMKP <0.01) (K 2),
2.3 INBIBERSTER

SRR, SIER AL, BRI /NRE R G,
B {HY B ERRL(P < 0.01 B{ P <0.05) (K 3),
2.4 /NEVSE FBG MURE  HEMT 20 E . HbAL1C JUE
HOMA-IR it E &R

SR IR, 5IEH AUt BEALZL /NS FBG
%8 ~ 10 ™H FBCRZET 6.9 ~ 7.3 mmol/L Z
|, 225 BA W EME (P < 0.01) ;5510 A B

B3 NV GO a R
Figure 3 Analysis results of tongue images

in miniature pigs

SEIGEE R A 60,90 120 min IMUBEZS ALK B R 7R 4
1)/ NS s 2 A T R 2R T B AR (P < 0.01) 54
RILH /NG () SF- 44 HDATC & e 7. 78% , HLIE H 41
INBURE G TE R (P o< 0.01) 5 #5558 241 /N 10 5% Y
HOMA-IR HIEH B ETE (P <0.01) (K 4),
2.5 /NBUSEIMAE K kI Th BE R AR ZE 45 R

LR EIR, 5 IEH AU L, B A N RUSE I v
TC .LDL-C &# B ETHE (P < 0.05) ,TC FHE (P >
0.05) \HDL-C JF& (P > 0.05) . #5840 iy /N %
3% PT APTT &4k (P < 0.01) (K 5),
2.6 /INEI¥EMiE CD4' .CD8' .cAMP.cGMP &8
MELERK CD4'/CDS* . cAMP/cGMP itE 4R

LR EIR, 51 AU L, B A N RUSE I v
W D4 S B F AR (P < 0.01) ; CD8* & [
(P>0.05); Wi HAH B AP < 0.05) ; M7
cAMP ZETHE (P < 0.01) ;cCMP KM L E TG
HH2ER(K6),

B2 NV B oK BRI B E A5 R

Figure 2 Measurement results of body weight coefficient, water intake and dietary intake of miniature pigs
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4 /DS TSI BT IS R 10202 1 RIDE 5 G R s
Figure 4 FBG, glucose tolerance measurement, HbA1C and HOMA-IR of miniature pigs

B 5 /NRURE AR B I D E S im0 S 45 2R

Figure 5 Measurement results of blood lipid and coagulation function indicators in miniature pigs

B 6 /NI CD4™ .CD8" .cAMP Fl cGMP & Bl 12 45 51

Figure 6 Determination results of serum CD4", CD8", cAMP and ¢cGMP levels in miniature pigs

2.7 MNEUERRARALN HE L RER G210 VR s 1 IR T 0 A B
SRR R (B 7) IR AL/ B R Y R R 2 21 e PRI R TR MR R R, B

e by Bk T AR A IR R M HE S AL . AN LS R RT3 L it I, i
HIEW AL B /N BRI SN R AATH T2DM AP UE A AR HUA 3 L st &
R AEPBUN BRI, 40 jE a5 A, HE o eI,
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7 NRUE PR S B R
Figure 7 Pathological results of pancreatic tissue

in miniature pigs
3 g
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U PR B PEEK 71 MRSA B A EAH A Y
B A PERE IR N ST
MEE,KOE, Z4®, TR, s’ 408
(1. FBERERKFELI YO EMN 3501222, BERERIKRFZEE BN 350122)

[FEE] B# AR BIEN DR PR SE 1 R BEREER ( polyether ether ketone , PEEK ) 7E B He M B B0 IR 1%
MEEEERE, HiE  IERALHI& S G B T it A3 ML 21 ( guanidine-based carbon dots, G-CDs) , I Fi 5 £ )
P45 T ETE ( polyvinyl butyral, PVB) i i 2 if0- T 475 % 4 G-CDs &4 i) PEEK 4 A% (PEEK/PVB-G-CDs) ., ¥
SD K Fr . PEEK #5 A RJEYL4H (PEEK (-) 2) , PEEK/PVB-G-CDs #8 A AR &Y 4 ( PEEK/PVB-G-CDs (-) #41) ,
PEEK A AJXYL4 (PEEK (+) 4 ) ,PEEK/PVB-G-CDs fH A XG4 (PEEK/PVB-G-CDs(+) ), HH KR TEH
B MR AL £ — > HAZ 2 mm IREE 5 mm A9 LI DIBS LB S, K 30 wL AR BEER K A PEEK (-) 41
PEEK/PVB-G-CDs( - ) 21 K BB Sl A9 B BE I T AR R GedH , HF 30 WL Tt Y 40P AR 3 €5 3 4 BRI ( Methicillin-
resistant Staphylococcus aureus, MRSA) THEW (1. 5 x 10* CFU/mL) A PEEK(+) £ Al PEEK/PVB-G-CDs (+) £ K K
H BRI EBEE N . ARG 0.2 14 J8, B s & X STEPLIR G & 4 K B AN, R)G 6 J&, Micro-CT
PEASAELA BB AL 04 1 2 SURR A, 1 B 400 1 0% 9% L 90 R RS -DF 20 3% (4 (HE staining) | B 28 i i 4% {4 ( Toluidine blue
staining) \ fE4H =AY 5 ( Goldner trichrome staining) M A2 LY 0 3 AT 4 AL R BRI B AE AR, &R (1)X
SR Micro-CT B BE4N B 5 37 T SV BR % 0 M 5 45 S A 52 IESE T PEEK (- ) 41 PEEK/PVB-G-CDs ( -) 415 i
UL 5B 5453 & ; PEEK/PVB-G-CDs (+) 41 & #9100 M A 3508 ) MRSA, BEARTE B H9 B B8 28 SC BB 3% &, T
PEEK (+) 41 RFFEE IR ToT 48 G5 (2) S e dUAb e i B4R B PEEK (+) 21 W i EHA 3 2 SEAIRI H 40
# (interleukin, IL) -4 F1 TL-10 2531 R 1 LA M B 58 19 TL-6 Al PRAE I T (tumor necrosis factor, TNF) - ZE41E 5% [H
FFk, R G-CDs &4 PEEK RT#1liH| MRSA By | I8 15 SR R B i 9 e /K- | (R b B B R B 4 &, 4
W bR S E PEEK B RS0 B G MR, 4 5 G ARG YT 3L T —Rh st ik Sk mg .
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[ Abstract)
(CD) -modified polyether ether ketone (PEEK) in infectious bone defect environments. Methods Guanidine-based CDs

Objective This study aimed to evaluate the bone integration performance of antibacterial carbon dot

(G-CDs) prepared by the melting method combined with dialysis purification were used to modify PEEK implants using
polyvinyl butyraldehyde ( PVB) by the soaking-drying method ( PEEK/PVB-G-CDs). SD rats were divided into the
following groups: (1) PEEK-implanted uninfected (PEEK(-)), (2) PEEK/PVB-G-CDs-implanted uninfected ( PEEK/
PVB-G-CDs(-)), (3) PEEK-implanted infected (PEEK (+)), and (4) PEEK/PVB-G-CDs-implanted infected
(PEEK/PVB-G-CDs(+) ). A hole (diameter 2 mm, depth 5 mm) was drilled at the lateral condyle of the vertical femur
in all rats to simulate a bone defect. Rats in the PEEK (=) and PEEK/PVB-G-CDs( -) groups without infection were
injected with 30 pL physiological saline into the bone marrow cavity, and rats in the PEEK(+) and PEEK/PVB-G-CDs
(+) groups with infection were injected with 30 I, MRSA bacterial suspension (1.5 x 10* colony-forming units/mL) into
the bone marrow cavity. The implantation site was observed using animal-specific X-ray examination at 0, 2, and 4 weeks
after implantation, and the bone tissue characteristics of the implantation site were evaluated by micro computed tomography
(CT) at 6 weeks after surgery. The bone implantation sites in each group of rats were examined by bacterial culture of bone
marrow and hematoxylin and eosin staining, Toluidine blue, Goldner trichrome, and immunohistochemical staining.
Results  X-ray, Micro-CT, bacterial culture of bone marrow, and histopathological analysis confirmed no signs of infection
in the PEEK(-) and PEEK/PVB-G-CDs(—) groups and the implants were integrated with the bone defects. Rats in the
PEEK/PVB-G-CDs(+) group showed signs of antibacterial activity that effectively controlled the osteomyelitis caused by
MRSA and achieved bone integration, while rats in the PEEK (+) group failed to achieve bone integration because of
persistent infection. Immunohistochemical staining confirmed lower levels of anti-inflammatory factors such as IL-4 and IL-
10 in the PEEK(+) group, and stronger expression of pro-inflammatory factors such as IL-6 and TNF-a compared with the
other three groups, indicating that G-CD-modified PEEK inhibited MRSA infection, regulated inflammation levels in the
local microenvironment, and promoted bone integration at the site of bone defects. Conclusions Antibacterial G-CDs
modified PEEK exhibits excellent bone integration performance, providing a candidate strategy for future clinical treatment
of infectious bone defects.

[ Keywords] antibacterial carbon dots; PEEK; implant modification; osseointergration; MRSA infection
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SEGYEEE /AT
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(1510-04035C, 22 & Thermo Fisher Scientific 2y #] ),
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L2 Fik

AW ST HE ST MRSA 2 118 I BB e 45 455 2 1)
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1.2.1 BT G-CDs N HUH IR Z BB A YR
il &

SH BRI BEE N 4% G-CDs: IJEK
FFBIR ( citric acid, CA) AWBRIE, N 3 — H L5
{1 %% ( diallyldimethylammonium chloride, DDA ) F1 5

1 PEEK/PVB-G-CDs HJ il & i i
Figure 1 Flow chart for the preparation of PEEK/PVB-G-CDs

B2 AEAW)T I MRSA LAY R U BT S 56 TR 14

Figure 2 Experimental flow chart of MRSA infected rat bone defect treated by implants
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757 B FE K ( polyhexamethylene guanidine, PHMG )
HSIRFBAORIE, A RS S G-CDs, HARSFRE K
WFREE 0.2 g CA T BURESIFIFE T 150 C il
PEFEINAA . FF CA &R, N 2 mL DDA (60%
IREEH) AREEON 150 min, JEHIA 1 mL 0. 1 g/mL
PHMG /KW, T 170 °C F4RLE W 60 min, S
A H R E T = TR0, A 10 mL
gl IR s AR, RS 0.5 mL B TE 4R
BEATAE(500 ~ 1000 Da) H, [A] B, 76 2 1000 ml 2
BTKMREMR AT BT A, B 2 h Bk —IK
FETFIK,IBENT 48 h, I, BT A R AARYS
TR FIFEA G-CDs, BT 4 C FRAEEH,

G-CDs AP I )2 Bk i PEEK K 3 Tk T 15
) PEEK FHRBRIR (95% ) #2303 min , B4l /K BN 1
YEHE T 120 C AL PR 4 h, 3R 5 1L A0 BEAY
PEEK ( f&i#Kk~ SPEEK) £, ¥ SPEEK Jilt'E T 24
LA {5 3R S EE 46 T (polyvinyl butyral ,
PVB) (5 g/L) fll G-CDs(0. 2 mg/mL) ¥ 0. 20 mL J&
KOFE-LIR TR (R 9« 1) EWRIREIFE T
60 C MR T8 FRIR MR s & T A B — 1>
FLIFE A SE BT P AR A, #b FE R R = 1
W I IR T R A 3k 3 WK BRAG LT G-CDs
P R E OPE ) A Y ( PEEK/PVB-G-CDs)
1.2.2  MRSA YL BB BRabi AL [ Sy

(1)MRSA FE ¥ A T 2 % MRSA T3 2o ~F- 4R
RISk Pl F 1l B - A b, I A A Ak 35 3R 48 v
(35 °C) K FR A3 B AT VE , R AR T 7%
FERD T KB A FER /K (0. 9% BAL SN IR W ) 75 3 40
DA, 38 5 2R A0 AT UL 4356 5 BE T I0 98  (
B ODg, fEM 0.1, I3 1.5 x 10° CFU/mL
()RR, SR 1.5 x 10° CFU/mlL (1) TR 0R B
% 1.5 x 10* CFU/mL %,

(2) KB A @ s % 12 H K BB AL 5 i
PEEK #H A RERYL 4 ( PEEK( -) 41) .PEEK/PVB-G-
CDs 1 A R B Y 41 ( PEEK/PVB-G-CDs () 41) .
PEEK #i AJ&RZYL2H ( PEEK ( +) 41 ) #l PEEK/PVB-G-
CDs # AJEYL4H (PEEK/PVB-G-CDs(+)4H)4 4,
4453 H ARG, Fri - ic s LR BRI R,
FESY PO SRR AR T A MR SR 1 R T A
B, B s A 2R BRI, 3 BT AR A 1Y B
K, PR AR 2R B F A DX 380 0 v i 1 7 55
YIFF R BT A5 R 1 ey 0 Bz Bk, i e 4 8 WL IR
A, B R B i v, e FCAH (02 mm) T3 B

B AMUBRALH 2 — DAL 2 mm JRE 5 mm AYFLIA
FH LABEALL B gt

(3) /r4H 2524 . B 30 plL ) MRSA HEW (1.5
x 10* CFU/mL), K #& b & 4r 41, 43 5 i A
PEEK( +) #1 #1 PEEK/PVB-G-CDs ( +) £ K B H Bk
AR 0 B BE 5 N, PEEK ( -) 40 Fl PEEK/PVB-G-
CDs(-) H R BRARTFHEEAW, 55504 PEEK
M PEEK/PVB-G-CDs Wi Fl i AP AR I 4 21 53 21 %
S AR AT I B 4 5 , B Bz R I AR R ER T
BN TR R ELWEEES LR, R, 1F
KERIF G 2 T R AR TR N, 45 7 IE 6 ROK AR
B, WK BTG SR A
1.2.3  MRSA BEYLR BUB SAUEAL AR J5 TFA

ARG 0.2 14 J8, N HE & H XS4k
HURE 4% 2H K BURE AT, A AR A AN B 98 9 I
N SRRSO, AN RIS 6 S8 K BURREE I 52
2R AE )G 4 B IS T AR IR AF T 4%
22 5% W 3 P 78 A 21 b DA i — 28 43 BT 1T
#ro FIH Micro-CT P4k A A A7 19 B 2 SURRAIE
FEXF BB G BURAS AT B B A0 TR VR A K % | 95 A -
LT G 4 (HE staining ) | 28 i W5 %% @ ( Toluidine
blue staining) . X844 = {4 YL {4 ( Goldner trichrome
staining ) FI1 58 24 AL % €6, X645 21 K BRI - Al A
PEHEATRR AR AN B VA o8 BB A e i LA 43 #T
1.3 SitELSH

ARSCH A SR E R 3 R8s LA
+ PRifEZE (x = 5) FKon, GRiT2# HEBER ] Graph Pad
Prism 8. 0 #1757 2230 Hr 1Y Tukey’ s ZH I
B P <0.05 HEAGIHHE X,

2 &R

2.1 G-CDs f&4fi PEEK 7£ MRSA BEH KRB
TRIGIRE Y X SELEM

2 R R 2 B R A TR R M) R 2
— o HHTRIERGL (Y & A U IR T 24 T A IR 5
A/ B R ", FERAY S B 414
SER S A S ER AR EERIAE X
FHEEIEM G-CDs &4 i) PEEK [ % MRSA &4 iy
KRB A R HOR . AR 0.2 F14
FIH X S PPAh B A AT O i s 8284k, ikl 3
Fiim, A N BB A DL 4T i Sk 48 B, 7E R IR 4
(PEEK(-) A1 PEEK/PVB-G-CDs( -) £H) 1, KW
X FNE AP JE B A 8 B0 5 I % B B 32, R ]
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FE AR BHG TCREG 7= A= E B AR A T 8 A A 5 I
KRAZ BN HFAREAE S A5 R H AR, IFH.,
5 PEEK(-) ML, 7655 4 J& A PEEK/PVB-G-CDs
(-) dHm AFRALE A K RAF, £ Y] PEEK/PVB-G-
CDs TEARBPIAEE F BA e BB et ., &
MRSA /& J5 , PEEK ( +) 20 f1 PEEK/PVB-G-CDs
(+) HAERIER BT BE (0 week ) 24K WLEE 51 41 T B e 1)
1%, {BAESS 2 JE BT, PEEK (+) 41 1 PEEK/PVB-
G-CDs (+) ZH YA A EBAL & [ 35 2R B S5 O AIK 2%
FERRE , T W22 2188 N e Js 1% 8, Ul WA AR A B A6

PIAFTEAN TR R TE B T 2 s 2, HEASE 4
I, PEEK (+) ZH A A FR07 4 86 P9 e Jes it — 25 4 Kk,
VLI B4 PEEK A SR B P PEGe , Tk 30 6l 240
BRI A, DT S 80 T SR 1 450 14 in = S Ak, A
& ,PEEK/PVB-G-CDs ( +) 41 7E55 4 JEBT, JLP %A
2% 3 55 I3 XU AEAE IESE T PEEK/PVB-
G-CDs(+) £H B SRR Y: MRSA HMRIE L T 5864 15
%5 G-CDs Bt J5 1) PEEK/PVB-G-CDs 75 & 20 413
PAKIR BAE T RA FLRR e b v e, g k] 1
Tiif 24 B8 9 A 4 B4

B3 A 0.2 Fl 4 AR 4UR R X L ER

Figure 3 X-ray images from different groups of rats at weeks 0, 2 and 4 after implantation

2.2 G-CDs f&fi PEEK £ MRSA BB KRB
ERAE R th B2 75 F Micro-CT 47y

A 6 JJG, 53 8 W AN [R] 3 2 K B i
AT IEE, WK 4 s, PEEK (-) 41 f1 PEEK/
PVB-G-CDs (- ) ZH B JBe By A A SRS A DL A4t A7 Jeke e 11
WG A 5 T B 2R G A 2R T R T
PETEAF IFARE BN, SR, PEEK (+) 4L A9 AH A
A7 FL 3 IR S P IS ol RN B 0 BB R IR HLE
B BRI P BT IR, 38 B A ) ] LR B g JBt

BB, T AR TR N ) 45, T LA A B 4l
PEEK E & ANH&HHAE )], — B &4 MRSA &3,
it 5 FsF ] ) SEE 4 240 TR S BT 7, DT S 3 T IR
B H R, 5 o AH ), PEEK/PVB-G-
CDs(+) HEHM N5 K EYH (PEEK (-) 4
PEEK/PVB-G-CDs( —) 2) MLl L4, TRk AR T
G-CDs BEPLHPERE, AT ik — 5 UiH, & G-
CDs S0P AT T HE A PR BT R DI BE

FIFH Micro-CT P A ] 43 2H K BRAE A B Y
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B4 A 6 JEJ5 AR R BUBCE AR K&

Figure 4 Images of the femoral implant site in different groups of rats at 6 weeks after implantation

BHGURRAE, Q0 5, A A A I ) = 4k & 4 A
SR A7 VI T Micro-CT B4 I 7~ , PEEK ( - ) 41 1
PEEK/PVB-G-CDs( —) H B A Y5 i & 4 215K
BoEA TS MRSA J5 , PEEK (+) 477 7E A 51
YRS AN S I 110 5 A i s PR R i 3 e bR A6
DI, 0] e 3080 S 04 B e R a0, TR A B [ A
PRA BB AR B IR | 7™ H S IR T AR AT A 19 52 5T
BESE, M2 PEEK (+) 4148 AW B & st A
BEE WA, 5 PEEK (-) 4B WL T EF XS L, 3#F—
AAUEB PEEK ( +) 418 ™ 8, B BEs2 i) 1 AL A P11

B G, M5 A B, A A28 MRSA &L i 1Y
PEEK/PVB-G-CDs ( +) 2l 22 2 5K UL 8 J5 i 35 19 31
G RO ELRN R AR, A A 5
Fl B2V B A 3 — 2 UE B T A A R
PSR BE ST . [RIE A A ) = 2k B AR AR 4L ]
FE S TR 8 B SR 8 i 2 L R B &l 5
fr 7/, PEEK ( —) 41 . PEEK/PVB-G-CDs ( —) 4 #1
PEEK/PVB-G-CDs ( +) ZHAH Ay J&] [l 35 A K i % 2L
WA B, L2 E S A YR, B 456
U i PEEK (+) 2H A8 A9 J8 FEVSUA 355 20 i 7

5 FHA 6 JRJE AR 32 R FUREL A B A BBE 14 2 1 = 2 e s MR AR (S DI T Mlicro-CT RIS B2 A AW = 4 F 3t P15

Figure 5 Micro-CT images of vertical and horizontal axial sections of the femur and 3D reconstructions of the

implants in different groups of rats at 6 weeks after implantation
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i, %W MRSA JEY )5, Fiall PEEK A A MR B85
REIHE, 25 b CUESE G-CDs VB 4T B R iy
FLAMIE AN ASCRT 8 =5 400 44 i 245 g J g, it H. w1
PEAERLAYI B H B, RIME 7R IR GOIRZS TS, K IH
A AR E PR L B RS DIRE

2.3 G-CDs &% PEEK £ MRSA BiHI KRB
BRI h iR IE S 4R

R BT FRES R UL 6, R B4 45 R UL 7, g
AR W 8, Mtk — LUk PEEK (+) 4UA71E
MRSA e ARG, JE - F 30 T8 P B 1 & 2k o

6 FEA 6 JAlJ AN TR 232 R BUREL A B B ) 240 1 0 7

Figure 6 Bacterial culture of bone marrow of the different groups of rats at 6 weeks after implantation

7 HA 6 JJE AR R AT HE Yot KAy = e (o[ 2R e ah) i

Figure 7 HE staining, Goldner trichrome staining and Toluidine blue staining sections of the implant

sites in different groups of rats at 6 weeks after implantation
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LA HEME, P <0.05, " P <0.01, "™ P <0.001, ™ P < 0.0001,
B8 HA 6 JHJEAE SR BRI AT ey b e b i AR KIS e 45 R

Note. Comparison between groups, * P < 0.05, ™ P < 0.01, ™ P < 0.001, ™™ P < 0. 0001.

Figure 8 Immunohistochemical staining of sections and quantitative analysis of inflammatory factor levels at the

implantation site in different groups of rats at 6 weeks after implantation

FENGATE 6 JE I 53 S BRAS [] 2 1 S s P 25
YA TIRIN M 15 77, DA itE— 25 R A7 5000F , 25 2R 4o
El 6 s, 78 PEEK( -) 4 . PEEK/PVB-G-CDs(-) 4
JUT- T2 b8 P 75 A2 G, L2 2R 5 X P4 45 A —
IR R A R A AR IR 32 3 T AR R K
WEEG R ARG, 5 IR, PEEK (+) 20 1 #
Y PRI 5 BRI 4l 1R, T PEEK/PVB-G-CDs
(H)HPILFEAGE AR, X455 Micro-CT
SEHA—B, i — IR AE A B4l PEEK J5 , Bk &
FEA ST MRSA VR, 542 3 PEEK ( +) 2H R

JEE L M4 G-CDs MM )5, o4 A %) PEEK/PVB-
G-CDs HA T8 M0 i 1 BE , 72 U 24 B e iR A
Yra A AN,

54 R P11 BU RS AU TSP 2 i i o VT WA X IVAE )
s BRAR AT 0 S AR AW 5 J8 Bl U 45 B
Kl 7 pros, HE 344 5578, PEEK ( —) 41 #1 PEEK/
PVB-G-CDs(—) 40 H, JL-F- WL A 3] v P b 20 L, A
PN A N RO R R T S o O R 2 A B
PEEK ( +) 4 AE AR, J8 il g 2L rpmT LK a5 rp
PERCAN IR FE e B v e o rp A ] IR i R
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I 200 A S % i 00 9 T 5 G S 3, AT A
BIEMAF S IE ] 4l PEEK FfICHURLtERE , o1k
T MRSA A BAE T E 48U AL Tk g
W T TR e e A,
PEEK/PVB-G-CDs( +) 20 H, Hi A &84z & [l A 21 241
A WD i W v R AR LA E7E , B G-CDs i@ a4
il MRSA B, k3% T B 2l SUR e 3647 1 4 E [
N, A, S gl = e e £ R R i i G (8 R,
PEEK(-) Z41 #1 PEEK/PVB-G-CDs ( —) ZH ¥ A7
Ji) BT L S B O B, G A E e = e
B2k b PEEK/PVB-G-CDs ( —) 20 J& il & K 21
@ A A, e Bon Ry ke, JF B
PEEK/PVB-G-CDs ( —) 21 J& [l #4) 3 A= i 7 w5 i 1 AR
B PEEK(-) MR 2 o] WAERELAEH T, G-
CDs Bt )5 ) PEEK/PVB-G-CDs B B 4 H{E &
TERRAE S . SRTT, PEEK (+) ZHAE A S5 J& Bl LT 1%
FHETE R, Ul A 3 A 0 B JER G AN R TR R
W, AHEEZ T, PEEK/PVB-G-CDs ( +) 44 A7
i T B S AT D B T B, PRI S T A T 24 ] J
O, LA G-CDs 4T B 7 01 B A A HLA 38
SRVHUI 25 T PERE LA M B B AR 01, BA RAFrY i
PRIV FH AT 5%

WAk, ) S 5 28 Ak 9% 60 P-4 R Bl b R 5
(IL-4 IL-10) FPHAPE 5 5~ (1L-6 | TNF-a ) A HY
AEARAE B, FEFF Tmage J1. 53K XT 4 4858 KT 1)
FHPEZFR IR K17 =50, WKl 8 fir s, PEEK
(+) A 5oR T HAD 3 40 IR AY TL-4 i IL-10 K3k
LK B 1) T1-6 F1 TNF-or 2235, 26 MRSA &Y fli
PR AR BB 1 9858 K - TR . PEEK (-) 4l
1L-4 1 IL-10 {3 E WAL F PEEK/PVB-G-CDs ( —)
4 ,1L-6 Fl TNF-a 3K iK 8% & T PEEK/PVB-G-CDs
(-) 4, 7MW G-CDs A BEHA 5 Jm # (A 455 14 ik
73, N HE SR BT R AR, A, 5 HAl 3 AR,
PEEK/PVB-G-CDs( +) 41 1L-4 1 IL-10 (3535
FFt i, IL-6 F TNF-o AYERIK I 2 G, W] G-CDs
REASZIE L4 ) MRSA &Sy, V819 5 SR TR BE , BRI
VSR 3 N N A T i 7 G i VA = S

3 itig

ATFICRES, T MRSA R K LB BB
R FT 0 BEFAE G-CDs 9 b i 51 B .
AEAE], G-CDs X MRSA B 105 Bt K L 2 0
L AR ) L TR S R

N LA G-CDs 470 B 70 ek 14 78 B A 0 7 T 24 7R
SRR T BT D AGIESE T G-CDs H A R4 I
SR R L T w1, S A I By im AR ST HR A
TR R
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P2 48 B i 23 %0 DU E Ak A T 200 B2 H 54
2 1 5 e PR T AR 3P VR FH AL TR A 58
W e R S
(1. HIFE TP EARR G, K1 4100062, WIFEIRA WRHE BRA F BT EFH 410500)

[fBE)] BH  FETUUERE B P3[BT 1 (silent information regulator 1,SIRT1 )/ IR R G H BI( high
mobility group protein B1,HMGB1) /4% 5% K F--kB( nuclear transcription factor-kB, NF-kB) {5 S H#I¥E I IS & B iE A<
X PSR (carbon tetrachloride , CC, ) BT E5/0N B2 45340 J7T 200 B 58 6E 04 T 52 iz it 4V R RIBLIRIBIE R . T3 3
C57BL/6 /NERBENL A IE 20 BRI B P B2 P S QB AR b i R 2 B2 A S R
14 d, RS 0. 5% CCl, HUBEMETR (5 mL/kg) (1475 1 /N RS PEIFUA R , 2F ALk As /s BRL i 3 v
TNE IR ¥ #% B (alanine transferase, ALT) | K 2& & IR 7% #% i ( aspartate transferase, AST) . FL /R it & B ( lactate
dehydrogenase , LDH) J i 2H 23 32 il & iR ( hydroxyproline, Hyp ) . 3 .1 ( malonaldehyde , MDA ) I 48 %8 1k ¥ ) 1k il
(superoxide dismutase ,SOD ) K- ; BFE 6258 W% o325 450 00 i3 2% 14 IR bR R PE Kl F-ou ( tumor necrosis factor-a, TNF-
o) 40 A Z-6 (interleukin-6, IL-6) F1 [ 41 il /i Z-1B (interleukin-1B, IL-1B ) 7K F-; 75 A ZE-HH4L (HE ) 4 @ Fl
TUNEL 3 (A5 I T2 2 Ui B 25 25 44 R 20 B 8 7175 B0 ; Western Blot £ SIRT1 HMGB1 1 NF-«B £ FH# 1k,
#£R  5IEEH bR ERA /N R ALT  AST LDH KA 220 Hyp 36 M 235 T+ 5, L4405 MDA Al
SOD i M L REAK , 1035 R M F TNF-o TL-6 Al TL-1B /K F-i E TH5 (P < 0.05 T P < 0.01) AL LU LEW] 1Y
o BRGSO T B0, BT 2H 80 SIRT 25 i 4k W] R AIK, HMGB1 il NF-kB 8 H 9 3R 15 T i ; 15 B4 7
L HCER , PFS 2 B 2% w2 300 S 2 RN 2 B2 /N BRI YV P D BB R AR ALT ,AST \LDH /K FIUFALZT Hyp 36 M W& %
%, AR F2H 20 MDA 1 SOD 3% PRI L3, 135 48 PR 7 TNF-o IL-6 1 IL-1B 7K1 2 35 AR, 20 2 14 i BB
13 LA B JFF A L 0 T A 0 A5 2 B e, IF AL b SIRT1 2K (1 3R A1 i, HMGB1 1l NF-xB R [ R B FEAK (P <
0.058 P < 0.01), it FSLKEAARA BRI 20 FHU5 , A FPLE T 5 58 4% SIRT1/HMGB1/NF-«B
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Protective effect and mechanism of Salvia miltiorrhiza Bunge
gynostemma pentaphyllum tea on apoptosis of mice cells
with acute liver injury induced by carbon tetrachloride
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[ Abstract] Objective Use of silencing information regulatory factor 1 ( SIRT1)/high mobility group protein Bl
(HMGBI1)/nuclear transcription factor-kB ( NF-kB) to investigate the inhibitory effect and mechanism of Salvia
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miltiorrhiza Bunge gynostemma pentaphyllum tea on hepatocyte inflammatory apoptosis in mice with carbon tetrachloride
(CCl,) -induced acute liver injury. Methods C57BL/6 mice were randomly divided into a control group; model group;
resveratrol group; Salvia miltiorrhiza Bunge gynostemma pentaphyllum tea low-, medium-, and high-dose groups; and a
positive drug group. The mice were given continuous intragastric administration of the treatments for 14 days. An acute liver
injury model was established by intraperitoneal injection of 0. 5% CCl, olive oil solution (5 mL/kg). The levels of alanine
transferase ( ALT), aspartate transferase ( AST), lactate dehydrogenase (LDH) in serum and hydroxyproline ( Hyp),
malondialdehyde (MDA) , and superoxide dismutase (SOD) in the liver were determined by biochemical method. Serum
levels of inflammatory tumor necrosis factor-a( TNF-a) , interleukin (IL)-6, and IL-1B were determined by enzyme-linked
immunosorbent assay. Eosin-hematoxylin and terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick end
labeling (TUNEL) staining were used to examine the pathological morphology and apoptosis in liver tissues. The protein
expression of SIRT1, HMGBI1, and NF-kB were detected by Western Blot. Results Compared with those of the control
group, the model group’ s serum ALT, AST, and LDH levels and liver tissue Hyp activity were significantly increased;
MDA and SOD activities in liver tissue were significantly decreased; the levels of inflammatory factors TNF-a, IL-6, and
IL-1B in liver tissue were significantly increased; and there were obvious signs of pathological injury and hepatocyte
apoptosis in the liver tissue. The expression of SIRT1 protein decreased significantly, while the expression of HMGB1 and
NF-kB proteins increased, in liver tissue. Compared with those of the model group, the Salvia miltiorrhiza Bunge
gynostemma pentaphyllum tea high group and resveratrol group serum levels of ALT, AST, and LDH and liver tissue Hyp
activity were significantly decreased; MDA and SOD activities in liver tissue were significantly increased; the levels of
serum inflammatory factors TNF-a, IL-6, and IL-1B were decreased; and pathological injury to liver tissue and the
apoptosis of liver cells were significantly improved. The expression of SIRT1 protein in liver tissue was increased, while the
expression of HMGB1 and NF-«kB protein were decreased in the Salvia miltiorrhiza Bunge gynostemma pentaphyllum tea
Conclusions

high-dose group and resveratrol group (P < 0.05 or P < 0.01). Salvia miltiorrhiza Bunge gynostemma

pentaphyllum tea effectively protects against acute liver injury, and its mechanisms may be related to the regulation of the
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SIRT1/HMGB1/NF-kB signaling pathway and the alleviation hepatocyte inflammatory apoptosis.
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B1; nuclear transcription factor-kB
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Figure 1 Serum liver function and liver biochemical indexes of mice
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Figure 2 Serum inflammatory factors in mice
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B3 /NERAPEE

Figure 3 Liver morphological structure of mice

B4 /N U475 20 08 T B

Figure 4 Liver tissue injury and liver morphological cell apoptosis in mice
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Figure 5 Relative expression of SIRT1, HMGB1 and NF-kB protein in liver of mice
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4

[BE] BB N TIHEFTEEALN (bear bile powder, BBP) K& H:AEZ S AR ( chenodeoxycholic acid, UDCA ) 7 T
TR AR (Y % A 22 b (s, R S 0 B0 sh B RIHR R T BBP Al UDCA BB EARAE A B & e B Rm AL o
HIFI . Fii%  SPF 4% SD KR 40 HEEHLSY> 4 4. 4] B8 ( Control ) 41, 5151 ( DEN ) 20 , BEJH 47 ( DEN + BBP) £H (200
mg/kg) , BEEEHAR (DEN + UDCA) 4 (30 mg/kg) , M4 10 H, LK 4 BR Control 4 40 BT A7 K FRUIE 6 7 5
100 mg/kg — 2 K\ A% ( diethylnitrosamine , DEN) , & Ji — ¥k, 3t 3 J&] MEZEG T U5 B 455, DEN + BBP 4H 4 K
B 200 mg/kg BBP /K7, DEN + UDCA £H4EEKH#E H 30 mg/kg UDCA B, &% DEN 41, DEN + BBP 41,
DEN + UDCA 4 iR FAT B &, 3 4l 22 M JC 8 3 k22 5% . DEN 419 AFZH 2 P9 8% ( malondialdehyde , MDA ) 97K
S i B A B K (glutathione , GSH) #4864 17 {L i ( superoxide dismutase, SOD) FJ7KF i [%{%, {H UDCA
Ab P 5 2 REAIR T MDA WK, BERINT GSH . SOD WK, #HIZ , BBP &AL i h B HERIFERVER . DEN +
BBP 4l DEN + UDCA Z f45 BE H RK-S-#%5 B2 i ( glutathione S-transferase , GST-P ) FH 555 2% £ A 1 AL RN Ki-67 FH
PEA A4 21K T DEN 44, HAE DEN + UDCA 4 3E W], [FA, DEN + UDCA 201 Caespase-9 Feik i ik
5T DEN 2, £5i€ BBP Hl UDCA X DEN 53 (4 i B0 48 09 ¢ AE 35 A #  3 0) RI /E T, BT DEN 5519
AN A PURAE R B ETVER =R E, RN, X sshi A E R &S S hUsfE TR — 2T,

[E42iR)  FEARKY ; AE 22 ENBMR ; TR HTG A2 s AL ik
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Effect of bear bile powder and ursodeoxycholic acid on preneoplastic
lesions of hepatocarcinoma
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[ Abstract] Objective To investigate the effect of bear bile powder ( BBP) and ursodeoxycholic acid (UDCA) on
preneoplastic lesions of hepatocarcinoma, using short-term carcinogenesis bioassay models. Methods Forty 6-week-old
male SD rats were divided randomly into control, diethylnitrosamine ( DEN), DEN + BBP (200 mg/kg), and DEN +
UDCA (30 mg/kg) groups. All rats, except for the control group, were injected intraperitoneally with 100 mg/kg DEN
once a week for 3 weeks. Rats in the DEN + BBP and DEN + UDCA groups also received oral BBP 200 mg/kg or UDCA

30 mg/kg suspended solution, respectively, daily from the beginning to the end of the experiment. Results There were no
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significant differences in body or liver weights between the DEN, DEN + BBP, and DEN + UDCA groups. DEN treatment

increased the accumulation of malondialdehyde (MDA) , decreased superoxide dismutase (SOD) , and reduced glutathione

(GSH) activities in liver tissue, while UDCA enhanced SOD and GSH activities and decreased MDA accumulation in liver

tissue. In contrast, BBP exerted these antioxidant effects in serum. The number and area of glutathione S-transferase

placental (GST-P) type-positive lesions and the Ki-67-positive cell ratio were significantly lower in the DEN + BBP and

DEN + UDCA groups than in the DEN group, especially in the DEN + UDCA group. UDCA significantly increased

Caspase-9 mRNA expression compared with the model group. Conclusions

BBP and UDCA have significant inhibitory

effects on preneoplastic lesions of hepatocarcinoma induced by DEN, and both have antioxidant effects on DEN-induced

oxidative stress. The antioxidant mechanisms of BBP and UDCA differ, however, and further research is needed to

determine the roles of the antioxidant effects in their anticancer mechanisms.
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B2 9 982 (‘hepatocellular carcinoma, HCC) J2& fi:
F B R o RGN 2 — BB TR —
JEm AT, R b — B8 KA IR IT 7
2 FEABRIE N T A0 R 9 R R PR T R
AR B TR, o D R R rh A R S
2020 4F b = 40 95 B 5 v 1] 46 1, HAT I 42
TIHEAEOCIE T B35 (B HCC 15 B8R A 22 5 A
B TR R R 14,1927 BRI T 5 A0 67
AT DARRARC P I ed e A AL 32 (EL S I 4 98 1 40
AT HEA I L B, S S AR T
HCC, FERSE T HIL N,

AR R ZAL e h 2B WE EIGIRIGIT —48,
2 A I 7 BT 12 O A, BB LK (bear bile
powder, BBP) JEAL G4 St iR 2441 s )il & T Corig
AR) FeE H 20 4D 80 4EUE R L8 251 it
PR BRI TR )5 15 5] BBPY', BBP HA T
JHERINE 8 A0 A B R0 1 JFF B A 0k 1l 55 DAL, i 4k
KT BBP AIFSE K BEH BAT R IF B I Btk Bt
IREE DU & AR R SRS AT RE LU
fi? ( ursodeoxycholic acid, UDCA ) I #f 2 4 AH iR
( chenodeoxycholic acid, CDCA ) 55 J& BBP H A F %L
PR . TR ST 45 FZR U, BBP A5 10 il Jes 40
JRUSE ST 175 5 g A0 04 | R SR R T
SEPEFH, DT MR8 9 e 2 g . E 200,400
800 mg/kg Y BBP I A3 L4 il JIF- 98 40 e H22 A9 4
K AR p21 FRAMHANARE I G1/S WA EEAE
] Bel-2 Caspase-3 . Caspase-8 , Caspase-9 THikiBE
FEEEA T, IRl BBP Rif AL BE Al 38 fin i 41 i
2R BE H K ( glutathione , GSH ) F11i#A 42 1k 49 15 1k i
( superoxide dismutase , SOD ) [ 7K, M M7 AR 2 15
E 109 )20 MR o ik A Ak i 3 R 4 I A 2L A
PO RIS B BBP T S AT

bear bile powder; ursodeoxycholic acid; preneoplastic lesions of hepatocarcinoma; oxidative stress

) 200 e 4 30 P, 5 5 DNA B A G IE A JwA
(ks 30l T 9 1 KA R G4 BBP 1Y
EELENER IS UDCA AR I Bel-2 (933 1 i 983
A AR K, T aE it AR p21 .pS3 . CDK1  Cyclin B1 %5
HASGHH F7KF- K 4 i 3 2L REL A 72 G2/M 112 )
A, UDCA I 3 33 P ARG 20 g P 3 74 4R ( reactive oxygen
species, ROS) 7K  Bel-2  Bax % 8 H ik &, df—
AR SRR T L T I, T3 37 M 1, DA T
ﬁ&ﬂﬂﬂ@@% c( Cytochrome c,cyt C) @Jﬂﬂiﬁ ,b?fl{ﬁ—l:fﬁ?
P15 5 5, 51k M14 Ui T X se sy
L559LRW], BBP Fl UDCA 4 m] 1) ) JFF 988 1) &2 Jie | H
VEFHRILAR r 6 475 00 f 200 36 1 5 355 A 0 35 5 400 i 04
oo [Fr, ENA YA/, {5 BBP Hl UDCA
SEATE R A A L R A IR BB
WAE RS S S5 HGUE R, MRS

T L FE W AEIE ( diethylnitrosamine , DEN ) J& 5t 1%
BEPEZOR ), A AR v AT e A R Y A A
Wy, 5 AR S AR 5 | RS T 200 i 7 S 3 T 475 & i
o, ST A AR AT R R0 2000 AR
1TO 218 JF % 7 8 1 1 5t 200 mg/kg DEN — J& &
AT 2/3 JFER A3 DR A 1 7 2 B a7 S s 2l
YRR 1 Z W55 8 A 200 mg/kg DEN BAUK 8 i
TES e R 1) 3% B 45 T4 1 TR e i A 35t 4% 7
PEECEE Y S S I L R U R R iR AR AR
Fric W G #5289 48 e HOIK-S-5% #% il ( glutathione S-
transferase plancental , GST-P ) FH 9 A% 4 46 01 45
SR B0 LI 2 BT AP IR G
PRI, AT 58 A P v 2 DEN 07 X5 7 R
BR300 s g S 22 Sh A Y B AL BBP Al UDCA
Xf DEN 1755 [ g 11790 722 14 Jh A= 2 o 3k e v i 4
HiVE ] St AR T il b 0 T =i A Ak
FHTESTRT 888 H R 728 P 20
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1.1 ##
1.1.1 SEEEhY

6 JEl it SPF ZRHETE SD KR, R H 2 120 g, 353t
40 H W [ b 504 e A e S5 sh B BOR A R A
[ SCXK (50) 2021 -0006 ], 171 3% 76 PG 1 A2 252 i
SPF 2% 5 b5 [ SYXK (1) 2020-0006] , Y6 I8 452
¥ 12 h JEfE/12 h SR IR E N (24 £ 2)C,
RIS HITE 55% + 5% ,3 ~ 4 H/%, 3 H B
SRR AROK A 52 50 38 2o 74 g KA S50 3l ) 46 3
A 2 A 2 AL (TACUC-20230913-08) .
112 RS

BBP (7 A4 il 25, o [, %E 34 ) ; UDCA
(Aladdin, 1, |-#) ; DEN(Bio Ruler, 35[H) ; £ 4]
AL 22 0fil ¥ ( Southern Biotech, & [ ) ; S ifil &
( Vector Laboratories, & [H ) ; GST-P T {4 ( Medical
and Biological Laboratories, H A) ; Ki-67 $ii{&[ SP6 ]
( Abcam, 1 [#, 7 ) ; Goat Anti-Rabbit IgG H&L
(HRP) Secondary Antibody ( Thermo fisher scientific,
[ ) ; Horse Anti-Mouse/Rabbit IgG H&L ( HRP)
Secondary Antibody ( Vector Laboratories, 3¢ [E ) ;
vecastain®  ABC  Reagent ( PK-6100,
Laboratories , 2 [ ) ; #4581 DAB i} (i 57 & (R 3K
E,PHE, b5 ; TRIzol B F| ( Life technologies, 3¢
) 5 W S R W ( Thermo fisher scientific, 3¢ [F ) ;
B 4 SYBR Green Tl iR W ( Thermo fisher
scientific, 3% [F ) ; K UK AR 2 Al 17 8} ( Ensiveier, H
[, HTPK) ., C1000-CFX96 L} %6 & &t & 45 ( Bio-
Rad Laboratories, 3% E ) ; 41 244 # AL (@7 LBl
KD-BMII, "F ) ; ¥ AL ( Leica RM2235, f# [ ) ; 4=
YIRS B L (RR KD-TK, ) 5 02 i se
( Olympus BX53, HA)
1.2 FHi&
1.2.1 St

40 HSD K Bl B PE IR SR 1 RS BEAL S o 4
2,44 10 X ( Control ) 41, 578 ( DEN) 41, fiE
JH# (DEN + BBP) 4, BE L4 N % ( DEN + UDCA)
4, AT 3 JABE Control £ LAAMTA K UK I 7 5
100 mg/kg DEN, %jJ8 1 ¥k, DEN + BBP 4%} K
B 200 mg/kg /K% |, DEN + UDCA 4% K H
30 mg/kg BIFH W, LA 230t 8 Ji . LA R,
PRICR LA B 78 57 06 TR 8 WA SRR T IR 3= 3 fik

Vector

SR, JE AR FE B 4 2 FR s, B ) i
FZE M AN [ 5 A 2R bR 22 ik, T4 14 T2 21
JCE ~80 C AR VKAR T 0 1A e b
1.2.2 g BK e 9% W B SZ 55 ( enzyme-linked
immunosorbnent assay , ELISA)

R BEHLLEI 5 HORBUIE 32 gl Dk oR 1M s 2503k
AL AT KT, 48 B R AR YR A
/AT R = Wi o el ST DO S R -
( malondialdehyde , MDA ) , GSH 1 SOD 7K ¥, #%
st FLASCEL R T2z ] [l 03 it 6 i A LI AR BE TR
IOABAR A i S AL P B ( horseradish peroxidase,
HRP) #riC LRI E 1 h, N AR Yl &
0.25 h, b0, 7 450 nm PR E 45 FLE OD
(. PLhZIr Bk,

1.2.3 B U e A A G A

Hil A, IR AR K- (HE ) B A GST-
P FI Ki-67 e 4w ge @, B BK S AU R
0. 3% AL E H BRI W3 5 b B 30 min, Ki-67 42
FEQEOAEFT IR 2 Wil b s IR B A ST RE 2
AEER 15 min, ZJ5 IR HT 5% 1117 LT B I £
H1 30 min, JFIIA Z SERESLIA GST-P (1 : 1000) 2
AHLR Ki-67(1 1 200)4 °C 16 h 8 . ZJ5 RO
1458 7| vecastain® ABC Reagent J% & 30 min, DAB
BAFHRARE YY) F, Olympus Cellsens standard
V0202 BRAFGETH HARK T 200 wm 1 GST-P BN
Sk B0 S AR il AR KatiKati 2. 0 THE 2L
FH 240 4
1.2.4 8 RNA FISCHZEOLE i PCR 7347

FRHBEALZER 5 HOCRL, P2 A RNA, 3305 5
JEfH SYBR Green BURMFLIN A . £ Pubmed
RSBt | 9 e RAEAE T AR A ) (I ik
A, R,

e e NI IE S BREL N GAPDH i 13 27" 1157
HHEF B A X R L=, BIWIARHR 20 wL, SYBR
Green PCR Master Mix 10 pL,cDNA 1 pL, Forward
Primer 0. 4 pL,Reverse Primer 0. 4 pL,DEPC 7K 8.2
wLo SRR Y P 95 °C 2 min, 221 95 C
15 s, 3B k/ZEMREE A (95 °C 15 5,60 °C 1 min)
40 UK, 4 CHEfE,

L3 ZITESN

P BE s I O I E + AREZE (2 £ 5)
JH SPSS 26. 0 i A8 48 11 2% & X Fl GraphPad Prism
5.0 BAFER, #8313 Dunnett’ s test 312 Control ZH
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R 1 LHPOGE R PCR 5HF5)
Table 1 Sequence of primers used for qPCR
FERIEH Bk FEH 8 HH 4 BIYIFHI(5-3")

Gene classification Accession no. Gene description Gene symbol

Primer sequence(5’=3")

ADP BWEIALIH FHE GTPase 6

DNA 455 AR FE A HEAENENA S

F:GGAACAACCGTGTAGTGAGC

DNA damage repair- NM_023972. 4 ADP-ribosylation factor like ARLOIPS R:GAAGGGGCTCAGAAACCCAA
related genes . . . .
GTPase 6 interacting protein 5
. OB TR
NM_001106318. 2 pzz Tﬁf?ﬁf%tlhk?i_('l PIDD-1 F: CCGGTGTTACAGGCTICAGT
- RS pasmndueed deathh domain R: TGTCATCCCAGGTGCTTGTC
protein 1
MR F:GAGCTTGGAACGCGAAGAAA
PTAISCHE N NM_012922. 2 BEREE FI8G 3 CAS-3
- Caspase-3 R:GAGTCCATCGACTTGCTTCCA
Apoptosis-related genes F:CTTGTGCGCGAACTGCAAG
NM_031632. 2 BEXRE M o CAS-9 :
Caspase-9 R:CAGAGCCTGCCCGCTGAATA
Jpi F.:CCCCTGAAGACTGGATAACTGT
NM_030989. 3 MIEEE ps3 p53 :
Tumor protein p53 R:TCTCCTGACTCAGAGGGAGC
N S : F:TCAGTTCGGACATCAGGAGAAT
NM_030826. 4 AT IR LIS 1 CPX-1 '
AN R L Glutathione peroxidase 1 R:TCACCATTCACCTCGCACTT
Oxidati t lated Nl A F:CAGCTGGAAGAGTTGGCACA
xidative s I‘C%b relate NM_012962. 1 ﬁﬁfﬂzﬂﬂi egna. csS :
genes Glutathione synthetase R:GGCATACGTCACCACGTCAG
A it F:CGGGGGCCATATCAATCACA
NM_017051. 2 BRAGE LA 2 SoD2 '
Superoxide dismutase 2 R:CCAGCAACTCTCCTTTGGGT
N -3 R I
H 3L . CCG! TGCAGTG
ME P NM_017008. 4 Glyceraldehyde-3-phosphate GAPDH I": CCOCATCTTCTTCTOCAGTC

Housekeepi 3
ousekeeping gene dehydrogenase

R:CGATACGGCCAAATCCGTTC

HHAMA M B E 225, (T H Student”’ s t-test B
DEN 4 5 DEN + BBP 40/ DEN + UDCA 4H (¢ i 3

2.2 BBP #1 UDCA %f MDA, GSH #1 SOD #J

=20

PEZSE, LLP <0.05 A2 BA BENE FERFLH L BBP JHiE T MDA A& 5 BRI T
) m= GSH 7K, UDCA %42 T MDA i, $#2F+ T DEN i

- IR GSH /KT [, W T SOD /K F, 1 1 i
2.1 —RRE AEEMFE i MDA, GSH F1 SOD 1% 3% ¥ 5 JH- 2 21 52 B AH I 45

HE R RS 1 HORRBET:, DEN 40 DEN +
BBP 41 F1 DEN + UDCA 4 A4 {4 5 A1 448 o JH 1 i
ZAXTF Control 4, HAXFEHEE LB EHEER,
DEN 415 DEN + BBP 20 DEN + UDCA 42 [d] 7t
BEMHER(EK2),

R(E3),

2.3 FEALAZKRENGEALANERELR
JHFLH 20055 P 2F R A 45 5L DEN 21 AT WLAR B %8

PEAMIIRNE . SR, DEN + BBP 41 #1 DEN + UDCA

Pz AR AW A5 B0 22 i, AR A 2L S 2

Fz2 SD KFUREMFEL

Table 2 Body weights and

liver weights in SD rats

2151 Control 4 (n = 10) DEN ZH(n = 10) DEN + BBP 4 (n = 10) DEN + UDCA #H(n = 9)
Groups Control group(n = 10) DEN group(n = 10) DEN + BBP group(n = 10) DEN + UDCA group(n = 9)
AR E/ o
RAEE g 444.00 + 23.64™

Final body weights/g 522.00 = 33.91

%) i/ g
Absolute liver weights/g

JHARRS H i/ (g/100g)
Relative liver weights/ ( g/100g)

13.16 + 1.33 10.74 £ 1.37

2.55 £ 0.17 2.36 = 0.46

447.40 + 32.90 ™

426.20 + 48.90™

10.32 + 1.81™ 10.62 + 0.93 ™

2.47 £ 0.39 2.39£0.13

5 Control HAHLL, ™ P < 0.01, (FE/FEF)

Note. Compared with control group, ™ P < 0.01. (The same in the following

figures and tables)
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R 3 ELISA A A AL R A A DGR bR

Table 3 Relevant indicators of oxidative stress were detected by ELISA

HL 25 pagistsi| DEN # DEN + BBP 41 DEN + UDCA #
Tissue Groups Control group DEN group DEN + BBP group DEN + UDCA group
P MDA/ (nmol/mL) 4.51 = 0.64 5.78 + 0.56 7.06 + 0.66** 4.93 + 0.56 %

Liver  OSH/(omol/mL) 10.06 + 0.38 7.87 % 0.25" 6.70 = 0.61 7" * 9.18 + 0.35 """

SOD/ (w/mL) 308.56 + 119. 03 236.06 + 77. 12" 216.78 + 19.24 ™ 294. 68 = 20. 70"

i MDA/ ( nmol/mlL) 8.64 + 0.34 6.12 + 0.48 ™ 4.69 + 0. 17 ™ 7.0 + (.58

Ser‘:JFrJn GSH /(nmol/mL) 5.38 £ 0.31 7.81 +0.45™ 9.26 + 0.27 " 6.69 = 0.80 "
SOD/ (. /mL) 182.49 + 10.36 260.28 + 25.09 ™ 306.39 + 11.88™ " 220.07 + 10.98 ™ *

1.5 DEN 4L, P < 0.01, (FEIRE)

Note. Compared with DEN group, *P < 0.01. (The same in the following figures)

e A 25 R GST-P & K BUH B Aiis 22 A= Wbs - T DEN 4, [RIE, DEN 25 % 40 it 3% 58 35 4 2 W0 v
0¥, DEN 2H PHAE 5 728 i AR AR S 25 T Control 304 Ki-67 PH M 40 g 5 i 2 75 T Control 40, 2R 1M
20, K11 DEN + BBP 411 DEN + UDCA 4Rk BBP Ml UDCA AbFR @ EFRAR T BHYEAIMR (K 1),

&5 Control IAHLL, * P < 0.05. (FEIF)
Bl 1 BBP il UDCA Xf DEN 5 5B ZH SR BIL-7 M SR 211 ( GST-P I Ki-67) 22 AL YR
Note. Compared with control group, * P < 0.05. (The same in the following figures)
Figure 1 Effects of BBP and UDCA on the histopathological and immunohistochemical ( GST-P and Ki-67)
changes induced by DEN
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], 33 SEAM I/ HIE DEN + UDCA 2P i 2
2.4 BBP #1 UDCA X DNA ¢ £ @A T &
R A EEE mRNA RKikK R0

FIFH S I 22 6 2 8 PCR W 7 JFAH AP 5
DNA &5 20 A0 1= F0 A8 AL 45 A DG BE ] Y mRNA
Rk, 4R W, 5 Control AL, DEN 2H \DEN
+ BBP 411 DEN + UDCA £H " 4 41 it 384 7 AH 5 i
PIDD-1 #i JL 08 1= AH &) Caspase-3 |, S AL N JAH ¢

1.5 DEN 414f 1, *P < 0. 05,

B GPX-1 }2 SOD2 B mRNA 23k B B 7 H 2
34 Z AT W Pk 2% %, DEN + UDCA 41y
Caspase-9 Fl GSS 3 ik B 3 & T Control 4, H.
Caspase-9 A e B = T DEN 4, 7F DEN +
BBP 41 DEN + UDCA 21" ARL6IPS ( JWA) Y3
ki 5 DEN 4IAH LA T s (H o FE R
FAN, AT T AR G IE N pS3 FE 454l 2 A TG i 2
5w (K2),

2 DNA &&= AN T A AL B A 5& mRNA ik 5

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

Figure 2 mRNA expression levels in DNA repair, apoptotic proliferation and oxidative stress

3 iTig

JFseE R A b R B B R AR 2 — |, B
W)y 075 25 T LA R AP0 P PR AR MR AR

KRZAL G B E B IRIG T —4&, BBP 1124
g h 2, il Z W55 UE B BBP A LR PLA ML AL
PR B DR, H 2 PRI UDCA IR Bt A AL i
U RVER] {0 BBP Hl UDCA TEMR T AL IR
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B DA B 33k 26 4 2 5 2 5§ Mg o #2475 oK ]
AU PR, ASEI SR 5 A% B R BUR Y DEN
7K BRI 9 9 HTR A S ) RS B IA T BBP A
UDCA Xf DEN 15 5 1) JH 98 6 Hif s 28 i A6 % J it 7
H AL B AR, DR T BBP F UDCA
Bt E A E R ZESUE R R P VR

AWF5E s, DEN 4 DEN + BBP #4H il DEN +
UDCA 21 11 1A 5 % 266 % T o ok B 2 PR R ALK, 17 AF X
WEBFES AN TC R E 25, R, RE4 4%
K v R & B0 RF 41 20 B A e B Rk,
GHUFRAN %£212021 4FF| ] SD K BUIE i 1 41 30
mg/kg DEN %38 2 % 10 JiJ5 , 12 ~ 16 J& &5 E
S 1 ST R AR AL N 12 SRR LG R
SRR TR T [ B AH G I R A 5 AR A, X sl R
PEoR AR S5 I T T TR OR 2 LA RE i AH 6 E
a4 I EE R T B S RASUEY BN IRE T
AT G, SR, BBP Il UDCA By Ab B 5 35 B AR T
DEN % S8 14 KT 200 wm ) GST-P BHER KEHY
B AN AR DL Ki-67 FHYE4I %, H UDCA By
VRS B . GST-P 2 Jif #8550 48 b H K% 7%
it , J2 R BURF 9 9o IS 28 9 A b 2 > e S
FH g AT RS ) GST-P 4 95 725 T 7 4k PN A6 1
ZARY) Y BUR e PES 2 MIZUKAMI %11 2010
AERIRTE AR KT 200 wm (9 GST-P FHEE 2 7l A5
R 2 R I o Ki-67 A% J A — 4 4 7 1 A
YIbREM , 2 R B9 20 it 14 5 A 5T e ) 1) 8t
FR2 L mI AT UL, BBP R UDCA $4 A A 2 i 490 i
DEN 53 0 R RTR A N R L, Do, AR S i
FH 100 mg/kg DEN & 1451 3 IG5 5 1 &
PR AR 2071k BR AR A 505 GST-P BHSE i
SRR S K A (DR 45 24 300 AR, 4 24 )
BT A R A BN R B
Bk,

T S, REAE R H: 32 i 40 10 41 P Jge 440
JRUs 5 AN S, 2013 47 X ER AR il Hep G2
ISR A AR S B2 T RS M AR BUREL , & BE BBP AT
PR3 p21 A3k A #0640 B A B R E (ceyelin E)
TRV L SR 1) 38 M il 10 70 7] 2 (cyclin-dependent
kinases 2, CDK2) 45 & 5 AW i 40 A 5 G131 3
S WML AR 5| e dm i R 5 . UDCA i Ak 2 4
B, S 0 ) 2 Pl %) ek 93 40 i 184 A RN 4 i A B
W2, %3 8h, UDCA AT LLE o 40 4 & 1 G ik
(deleted in liver cancer 1,DLC1) 31z E LSR5

5 DLC1 AR, D0 il 40 i3 7 >, AR LA
ZHAE A I BIF 5T v A 2 B R 3 A TE B Bt A
BBP #] @ &M GST-P FHIERAS M & R, A
SEgH BBP Fil UDCA AR i 2 /D T Ki-67
PR 20 JfL %, H b 25 38 = 1 20 06 00 T R O 3
PIDD1 Caspase-3 J Caspase-9 /] mRNA ik, 4F
BlJ& DEN + UDCA ZHHY Caspase-9 3615 B 5
T DEN 4, It K A Tilg 58 R A Ao 25 400 it A Iy e
FET- R E BRI Caspase-9 f& 5 SRR ER
RO LI Caspase-9 W LLJS Sl 40 o 08 T2 1) & 4
PEHE R UFRUN Caspase-3 KIEVER, ARG M R B
M2t pS3 15 FAET- IS5 IR ER 11 1 (pS3-induced
death domain protein 1, PIDD1) 7] LI{& % DNA #i15
WS Caspase-2 55 DNA #5140 F 2 e 1=,
LAWR . DNA #4524 p53 AT 3@ 4 PIDD-BID
F Caspase-3 I Caspase-9 - F R T, H4b,
F A ZH T 52 34 % BE BBP 4 A1 40 b 2 AT I 3 484
1 DNA 185 A HER JWA (ARLOIPS) 1 Fih4, A
M2 S e i A i R A, PR EAR S5
A & B ARLOIPS %3k & 11 B 2528 1k, X B4
JZEMH, BBP F1 UDCA X DEN 75 S 14 968 8 wip s 45
AR 2 A e B I A P 5 0 O A0 R T B
il 4 fL A B A G

DEN J&—Fgt (& i P IFEUEY , DEN R LU E
FAb iy 77 =058 DNA #5141 BLAEAQS A rp o™ A
PN R AR Gt 7/ TRt (=370 N W 1
9, O R AR oL T R & P S g
A5 4 3E BBP Rl GSH Al SOD fE44:,
S S ko REAE AL, BEAh, T ST BBP W] LLRE AR
MDA 7KF-Fi3 58 SOD & P, DA B AR ki 4 43 28 21
(48 AL I Y 2024 4E, WANG R E T
UDCA 3 REAI% H,0, 45145 1 40 i S8 AL R K-
[, 76 4% A HF 9 o UDCA Ab B AT 42 &5 14 oy 4
SOD id 46 b U ( catalase , CAT) FIAHEH ki Ak
Y1 ( glutathione peroxidase , GSH-Px ) B3 P F14E
JREE 2 (thyrotrophin, TSH) GSH 117K, ik 20 21 fifd
N ROS MDA 19 £ 32 il 48 16 B 43 e H K (oxidized
glutathione , GSSG ) GSSG/GSH 7 % 1  fy i,
UL, BBP Fl UDCA ¥ HA B A MAEN, (H7E DEN 75
S E AL EGE 2 T BBP Fll UDCA 275 R A
AR, BT AR FH R 75 S 5 10 ) i 6 i s 28
YERE, MANTERE . R, AR R S50 A6 0 1 2 2L
TR R AR AR A 7 S8 S il 194 7K ST 0 JEF 20 2 P 1 4R
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AR AR G EE R K-, 526 25 3R 3R W, BBP X E Il
T o MR MDA JKOF, 255 SOD Al GSH
KR AEPURANE R, 76 F 2 20 b B T I 3 34 ik 4R
FERIOK -, MR, UDCA {XTE T 20 41 rp i 2 P AR
MDA /K-, 535 SOD F1 GSH /K, Mi7E 1 i1
T TR AAE T SR, S22 b i Sk 1 U
AHIEHEL R e ik 1, 76 DEN 2H #1 DEN + BBP #H 5{
DEN + UCDA 22 [f Jo i #2255, dotnl W,
BBP il UDCA ¥ EAA SR, (HJ2 I AE - BLHI
AN, H BBP Fl UDCA WHt 8 /EH B &2 S5
R EATR BT EACVE ML, A R Tk — 2L aoT

25 Lk , AFFEREIA T BBP A1 UDCA Xf DEN
VM e B A2 A/ D IR R T BT h Ak
Y FH 6 I 982 988 1005 A2 (9 52 i, BBP F1 UDCA Xif
DEN 175 5 (% 5 i Hiros 28 ¥ A il 4, 5 UDCA
fIVE IR0 T BBP, [AlAT, BBP F1 UDCA %} DEN
P I AR O A B AR (B TR 7R AL
HilAS [/l BBP 19 H Ak AF FH A B0 AE il 35 o, i
UDCA RILTE AL h, (MiRARZE) hifl. « |
i, P IR, FE5R%” . BBP 2 RA T,
UDCA & N T A ARG 3 206 M oy, A SE g 25 IR 4
7 HR 2 7 SR AL ) S AR T RE , AT I8 2035 9 B
1) VR FHALTR S5 50 A B0 20 42 DT 38 BE ik
H P9 25 SR AN [R], 48058 43 Bt v 24 1) 3 o L 1 sl
N OCTE B R Z W HLE . BBP #l UDCA Xf DEN
U5 1% JHF 988 9 17 s 72 (R VR T 222k B T 40 i
R A B AT AN AT R R T R AR B T LT R AR AR
MRS 5HUmiLlF i — 2o,
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[ Abstract )

The incidence of chronic fatigue syndrome ( CFS) has gradually increased in recent years. Although

CFS can severely affect patient quality of life, its clinical diagnosis is easily overlooked. Elucidating the pathogenesis of

CFS and treating it from both etiological and symptomatological perspectives are crucial for patient recovery; however, its

unclear pathogenesis means that etiological treatment options are limited, and current treatments mainly focus on improving

clinical symptoms. In this context, there is a need to establish and evaluate a suitable animal model. This article

comprehensively integrates the diagnostic criteria of CFS and progress in related basic research. We also summarize the

behavioral experimental method used to evaluate CFS models in basic research in the past 5 years and discuss these

evaluations from the perspectives of general condition, fatigue state, cognitive function, emotional state, and pain degree.

This review aims to present the current situation, expose problems, trigger reflection, and promote improvements in the

behavioral evaluation of animal models of CFS.
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iE 5 4 CFS FERIIT 5T 1 M BB T PR AH 5G9 472
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FHRA

AT B s 1 BATE CFS JEmb B 5% b 1 i
iy 5 B TR] P A 9% 57 IR A, DL 38 3l R 9 K B 25
PSR, B A R s S T B M S 1/3
ANREAR SR A BEAD , HLIKGEE 10 s AN e 44 )it 8 B 20k
SERAL A IRIE B, K ROP IR 2, IR A OEOE, K
PR RE T 0 S 0T 3R Al il 448 S #5842 B i K

R R I bR A, BESE R B CFS R B TE ) v
SN CTE P IR e B D SH G R
2.6 AETNREW

TGN e — PR WA T S 2 T IF
TSy iz s gk SR PERIAT R IE, S
FEr PR a0 BRI H s s g

CFS MCEERMBF AL [ [ 128 3 M58 5L 5,
un HE 2RI A 3252 2 M e 0/ Bz sh s o
S50 CFS 4/INELRY B e 05 2 W) 1 T e, S 00 45 g
IURFFEIELR Y 51. 8%,

B ERPEAN T A, A 0588 0 e 52 i S 1Y
AN T A DI EE D LT IR AP R R (R
FNEEAEE K ik B 2 ) J it 8 Ik 18] S S 92 575 1 1,
DATEA I 55 AR 0
3 \EINBEEM T IE

INHIDNRE R CFS IO IERZ —. CFS efi
WFFE BT E K AR I O ik T ZALHR Morris 7K £
‘B2 (Morris water maze test, MWM) | Y KB (Y-
maze test, Y-Maze ) F1 3 #% 3 [8] % M 328 ( active and
passive avoidance test) , HoerP DA MWM Foh# FH, H
RIEHAT
3.1 MWM

MWM HT0F98 5 25 1] 27 21 e A AR OC 1 ini X )
REPEHT, S A G S Y 8 M LB S g, &2 ey
MWM == S 475 5 LA T S5 50 1A (] 4R 2R S5 50 W R
4%, Forb g LA T 52 56 D B A KK R i 1)
TEET I 4 DS ATK UK HP T 1 sk ik ik
IR, 28 [ RR S0 2 70 5 AT 9L 50 5 25 B
VB RIE AR — D AK SR R R A KB i
SRR —JE I 1] P9 A Uk B , 2% 456 K UV I 15
ORTRVANS | $1i 23N GRS TN S S R € € E A i
HBRF- 15 155 B I [ B4 32 71 Bl ) 79 2 (8] 2 2 1242
fE I

MWM 422 5 B AE T 5056 J B i A ], He
LB 6 d iBIE9eh 22, B AR IR K A2z )
AP IRIBAS A ], 74 SCAE Y Ry e 1 e
AR 6 d, bRl s d A fidTsem, 45 4 4>
SRR BRI R R BE R 90 s, 51 FIE]SN 10 s,
R T 1R IS e R R s S 6 RS ]
TRR S P g S K FRAE 90 s PN 57 R SF 5 B
TR AEE S R AESE > H] MWM 374 A 17
N EN AT 5 d, 05k 4 DNZIR 120 s Nk
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REVIRI 1 ST R 15 ;55 6 R T25 MR R 5L
Ky, 305 120 s P95 4R A BT 7 IX 380 A9 A TR &
B 5 A2 B AT,

WET 25 S MR W R 5 d, /i 4 d A
WATSCE 565 5 RN AS RHER LK, Wa/NRTERS bR
W 60 s IEAJEE £ 07 B R IR Bhie s
SV B E AT SR IS 4 d BB S RASI]
BEER AYIZRI 8] F1 23 4R R R 90 s, 51 1 8] 4
15 s,

WA BT EF MWM RS I3 E N 2 d,
NERA T4 RER 0 5 A A 5T AN [
S SR O HE AT R LT LB T LK RAE A
AR 20 s SR ERINR, BRSCERSET R B A 1 B
MWM F5 25 K E, (H AR 5 e — W8 (AT S5 56
Rl p 4 S 5 WS 1 min PV PRI K38 B JABE
B, A R LR D s/ RO 33 B K OF 5 X iz
SFE RS, DL RS S BOR CFS R By (0 30k sk v
RIFE K | ZE M B BT R

FE MWM F9Z5 RS rp R 58 & LS 41 5 %
HEZEAH B R G5 T 24 3 AR b 40 5 A ofe, 003K )
39 N T A > Bk 8] 4 358 5 5 1 A 3 P 1] 22
(B ANAFAE—E PR | LA XX — ) B %
WFFE X AT BB 5T, TA R M 4l i A5 0 3
FREE W R A i WA S5 Rl 2, A X
— [l A A Je T LAAS B fif ke
3.2 Y-Maze 325§

Y-Maze SZH6AE % A R0 HUBIF 5T 3h 9 114 2 ] 2 >
FHCAZRE 1Y Y-Maze 1 3 NEEKAVE AL, % 3
MEHESE R M F FHE Y7, WA 4 Y-k
B BRI YK BE N TE B AT UM 4 S50 7 R A g
WY R/ INHEAT TR | L3 AR ] ) S 46 28

TR ARG Y-Maze 525 A 2 1012 BE
DI 300 1m) 37 5 o B A 4 4, /DN B R AR B RO
PRSI AHALE A A TG 30 10 min, YIZR4E5H0)
SRR RIFRSE 5 1 b 5 AR, 3T 3 S b
B, N LA A, 76 3 M A TGN 5 min,
ISR S min PNTEAS A 15 B4 IR e) R 28 AR U 8K, 45
R AN 1 BN BLF 2T 02 5 i a3 (EL TG
BEWLR (P >0.05), ZLHR LA CFS By
BIFSE R A D
3.3 F#HBHEIELE

F 4 B [m] 3k S 5 A — i Ak AR 0 ER 0 5k
TEAR 24 2] RCAZBE T AT 24 S50y i, TRl bk 52

B FH B W) 8 1 G (WIS 2P AR ) 0 RGBT
(hn 2y ) MR R T2 ST A R Y, AR BN
S7/ RIS i = v s e s 1 B ) 1 S
KB 3= 2 AT DR A 48 rh b 2 5 5 2 DU 2K
Pl B C AN FEACH POE R AE . AR
FAACER B AN ) SURT 73Ry 28 42 [ sk | 9k 15 [ sl | Y
JEREET Iml3kE , CFS WFFE U M2 29 4R [ml i S 56 F gk £5 (7]
WESIY

LEE 55 (ff I W 1) 1 5 (— > 2 Bl
V) o — ™ I I () a9 2 1) 3 4 ) 1% 20 itk e )y [l
R R PPAG B S5 A 1 27 2 FICAZ  FE BRI S 50
rhr 24N BRI 1 B = I, 0 HGHE AT R EE 0. 4
mA HL7 5 s AT ;24 h e R R RN ERBEAOEE
PEATHE B S0 590 5% 5 min P HE AR 2 AOVERIR I 45
R X RZLAA LG, LPS #1 poly 1. C 545 1 itk A
5 DRI I 3 (P = 0.083) (HARBH &, X4
AIFSE R F 3 Sl I s S BURCAE B 75 46 Py
N3 min, SRJEE L R AZ B S G Bk b
P PR 7524 b JEIRIC S 5 min k&K
W Rk IR R, Z R WK, CFS BEALZ R R
Xf BEAH AT I 4 B IR B 2 (P < 0.05)
4 BERKTENTE

545 S0 BARAIE CFS A6 55K , (H SR I R
WF5E % B CFS K & W R4 L BT, 1M B 2021
AR [ [ N7 fd R SRR P AL BB Y BE ( National
Institute for Health and Care Excellence, NICE) 8 /4
WAk, RO DR S 5 WU B ARG, BT LAJZ CFS
Il PR AIF 58 @b 250 WL %2 19 48 Ar; (6] I, anxiety ”
“depression” 1 “ mood disorders” 3 tH BL¥E NICE +5
F T U CFS ARG B 1 1 4 5 7 R N I
— B AR, CFS JERIMF TR K B AH AN I vk
FEALHE OFT (B 2550 (tail suspension test, TST) |
AR (elevated plus maze , EPM) 538 7 Ik
5256 (forced swim test, FST) A1 # Bk 52 5 ( marble
burying test, MBT) , 2 /1 2L OFT 1 TST & R # UL,
BARMESLAT
4.1 OFT

WL 1A 28 2l 0y 1Y) 8 PECHR 253 AR T
REE AT . OFT J&AEMG 15 25 sh ¥ b e FH I
Az — , W FE S W) A k6 3l R R AT
FIEMAIR S W 2 M AT R 22 SE 80 . OFT Al 4R M)
TEBAEE L, X T HESRE R 2 55, FEED
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FENREE 1 2 Bf (5] RS 48 A 1 1E B, R 58
FHAPS e i 32 22 HL 3y e it i) ) A0 35 0 9 R
HYaff L5 T R AR AR R A S R L

BT A8 2200 ] OFT 3 % 43 A K BUTE A N
3 min B3 AR RIS SR 10 SR R
3 min P AR ZERE IR BRI, ST B, R SR 2507 g
JES/NELS min KPS 5 T EHAS5r OF- U
WA TS min R BUK B shs g, X
FERR A IEE 5 min P/ BTG ShA N8 Bl B R |
T R W SRR I L ) AR LA 2 /N BRI S B
45 LEE 285V YEAT 2 AT 2#IEK, AR S min([7]
B 1 h) e s o DX 55 BE A IS [R] | 28 4% YR BORTHE B
SIS, WEL 209 38 5%/ RUZE Il
AR BT AT 6 min P ES SRS, SONG 451
T 10 min P9/ B RS S1FE B 0 X el i 0

Xt T AR BT 4R R B S, AR5 S FH OFT
PRIEK BN B K2 shie 1, Kk PR R A (1) o)) i
FERNF- 259 3 18 B S /b, f i F T B (P <
0.01) , FRmrmr" A BA A U6 A T € OFT S48
TR, WU AN A B RRIT N, &
PUBLARIZ [ EERRAT Rl D, AR T B [ (P
<0.05,P <0.01), WA LA A &GS, &
AR [ &GSl D, EE TR R (P <
0.05), ABSCHR AT, OFT [ & 1% 3hi4 £l figf
7N T B FE TR B AR AT O R R A 1
s RAHI B8 0 B e 45 . A e 250 A B 1
Tk OFT SN S, 4 SCFE A4, s 1
(AL I8, LEE 257 BIH4 45 R OFT 14
BRI/ NI R TE 532 31471, K3 poly 1. C ST
] TR/ Z 3h &3 (P = 0.109) , LPS 35
i 2D/ B O DX 45 B S ) 2R AR B (P <
0.01) , ADX /INRAE HpLs DX 3452 BE A s JR) B (P <
0.05), WEI 27 FI 4245 OFT TST .MWM 7£ P
IR S5 HUINAR 25 W i 16 Tk, R B 25 LG IR
FH L A F 2 1) RS ) 1 5 R Hp g 52 B B[] 222 T F
#HF(P < 0.05,P < 0.001), & W15 [,
SONG 45 1A 4 &) W R OFT F A 1 i, 7 T 3¢
CFS BERUIN R IAREEA T, R B S X AR L, BT
A AL AR S 11 K s i B %m0
(P < 0.001), 7655 22 K, 5 F i °F 4 4 1,
myelophil FEK K A BH 36 T7 LA & 18 1 7 =X 1 3%
HAN(P < 0.05,P < 0.01,P < 0.001), 54 KAt
I SRR RN BT

4.2 TST

TST & —Fh 2 LT R PO PE T ST AR 2549
NS ARG AR kO il Sk sh
B T] LR EIOR S A ARAR A, [R] B L vk 5K
A — R LT LU AR 1 KF-, % [ AE CFS %
bR A TST SR B 4IRS R R 2, B A
TEMCAR IR, TST 25 48 P AEEGIC SR [A]

IR RN WAL ZE R TST PEAG IARAR
74,185 5 min P IR SIS TA], 25 FAR A 21 b
ANEFRK TXF IR (P < 0.05) , /N A
RPN B LR AT IR A 6 min, {H2 0S¢5
4 min PRI FLIR S A st a], & B AL 41 K
B LB B35 00 (P < 0.05) ANBhi ] i % 4k
K (P < 0.05) ; & LR IARA R 1O g8 bR T I0ER
MR X (H R ZE R 2 25T AR AT 4, HE G TE Y
o HMARIRAS . #h 3 % 0 S K BUFE 6 min
DA 4 L S R 35 L Uk BIOUL R R LI 4 7 bR e
THLEIRAS , A PR TR 21 458 X HECZHL 1) i 1 Bsf (i) B i E
K LB B (P < 0.01)
4.3 EPM

EPM J&—FP 2 M Zh ATl 2 5L 5 WA sl )
FE PG RE FF R A A5 O, B R T IR Al w5 25 3
W) By A B ORI O REAR

THAKUR %50 ffi ] EPM PFAf £ EoR A | W52
5 min P B 7E P A R RN F TR0 i 45 B A D, DA
Kotk N P58 (R B ; Wit 2 A5 1) N TR B R Ay
SRR AN SRS T B R 2 T I e )
FIA EPM PEAG R B £ TR, 56 22 Rf K Rim
Tia) FF 3O TR A R B A L 2SR 5 min Y
R B TR i A CEICRT 457 B I T, % B 6 HRH 1
A AR 20 R BRI R 1 N YR ESORI 457 B B[] 34 B
W/ (P <0.05),
4.4 FST

FST 5 TST iR 4 B2 X, i 348k 18 50 9 kb
TREMIAEE T HiL BB, shiEy) 24
LI Bk SR M S e AT T B T A VR T
0 eSS I IR T A s fE, FST iR £
BRI R AN TR

SONG %' 5@ 1t FST PEAS /N SR EEFT A,
0% 6 min P30 Fa] (49 B 1h B 1], 24 4 HUN RS
IEHHFUIF R R 1A B U — S8 L 2 58 Bl R R
FEE RSk 8 K B e e R ks 25 AR R
RIS A 2E /) B L B ) B S v T 6 B (P <
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0.05) , THAKUR 4§ i & FST sty A shih, K
K 10 min, 82 21 d, 4558 CFS ALY 1k ] 5
Xof REZEURH B S 1, BRI AR 4 S 8 A 8 1R 4R
TR ) (HJE P2 0 R 2o an e vk 5 By K g
[ AN SN e —Fh 2Bl CFS MO
4.5 MBT

MBT 33 F T I AR 8 M A e A o
BRAYIE e, BT SRR AR R BN R AT S kAT
e BE A AT (R A ) | i v B A pE A /N BRI
AG5E ] T BRBE A T s B B4

SONG 2 F| F MBT PFA/NUAREET Ky, 7E
TR NG G D, B0 — Bt )6 20 B E AR R
1.8 cm FUTRERICETE S em B BYIR L, & H/N R
MhCE: 30 min, X5 GETHERBUE IR b 2/3 TR Y
PREG L 25 0L 5 0 R ZE AR L, R ISP 26 £ 351 5 A 2k
BORAES 11 RBEW (P <0.01)  $m/ N
AR, MBT F A2 ]I AR Y, {5 45 R
TVEBTE I PR 22 30 R0 B 28 22 W) 2 DL A7 A — 28 1Y
HESHMEAEN, Wi, RGO T, BIE TN
ek /D AT R T] 422 S e T FIARAAE IR (1 i
5 EREEEENAE

PIFA E R WAHABR T CFS MUSERZ —
2021 4 NICE $5 RN PSR & CFS R WAEAR , 18
FEE AR E T E ) CFS BE L I B CFS
FERMBI S SRR I i LA UL W R T R
JE B TR TR b S 6 ( plantar thermal stimulation test
for nociception) ,von Frey JllJf S50 (von Frey test,
VFT) Fl#d % (hot plate test) .
5.1 RBIRHARIMELLE

JE PRI R o S5 5 e — T E B VAL 3h )
PR SRR I (B ST 6 5 3k, T3 g T i 2 9T
6}1:%[69770] .

LEE % Fi] Hargreaves {25 1 32 % ek
P B/ BRI T B A AT BIL 3 B 1] v O AR S
B HT G B 15 min, P50 FE R 5 B 1) A S AU DR
(B EA2 0.5 em, B8JE 70 L R. ) XHEJE K L E
FRR DX, 0 SRR [ 2 /T T AR A () , 45 5 ADX
ZH /)N B IO X 2 0 ) 202 200 Vs AR 191 5 0% R 2L A L
BFEEIL(P < 0.05),
5.2 VFT

VET J2&— B F 1 1Ak 3h 0 92 g 0 1 1 552 5
Tt I R AN ) BLAR R G 20 22 ol ok

S B R Pkl el S R T, T 0 22 A1 X LA
PEP I R S 07 A

SONG 25 R I VT i 28 J JICAY B A e 4
SN, FH von Frey £F 422 555 5 s X RUR T I it fin
fEH7(1.3 g) , FE R 10 YR P, R ER SR pe sl (=]
Jer TR R BOR T3 AE Y, 45 5 5 6 B A G, ) o
LR 45 R B (P < 0.001), YASUIL
AL VT I TR S 26 T B2 R f4 ML 40 fE
= 5 B (8 ( paw withdrawal mechanical threshold,
PWMT) , 4142 1) 0.16.0.40.0.60.1.1.4.2.4.6.8
F110 g A3 384 J7 B2 FH 10 W, BRUREIFE 5 s, 38
T AR RIS 2 0 2 B AR ; 6 FH von Frey WRERAXIN 1 1 I/
B 03 %) 4 A2 L, A FH A A BRI 9 it 1) 4
A VE 5 R A LA S, X% 2] b k¥ 2 Bz Fsf 7 e
T3 R XA LR AR T A, 2D 5 Uk T]
B 30 s, B Y 45 R BIE B S 158 2 R
PWMT B3 FRE(P < 0.001) , 78 598 B izt v L
TR YA R R g ) 7 A S ST RIS REAIR (P <
0.001), FkZRAH R VET & LR B, A
[Fi) 5 1 2 A 22 0 N B R 5 CGRETT R ), B L 3
YIS R F 10 Wk, BEUORIER BE K 29 10 s, BRI
—, W 3 d, I R KA TE B R I o B
PWMT, 45 53 W) 1l ~F- 3% 22 25 24 7T 4 2538 /s B
XA P AU |
5.3 UL

PR T B 2 e v A — PO ik
XTSI /0N, B AT B A2 A i ELR I
PR AR A (8 1 L2 S s 254 22 1) ) 4 /N 25
5, HLH S 24 /0 580 55 D i8R R 2 it ), A 4K
IR TR

SONG 5 7] FHI AR 32 T 2 /I BB I
Fr/NERE TIRE N (52 + 1) CRyInHG )@ # -,
60 s IR HE Dk 45 105 3 1 S I 1 v AR
FIR I R ; 5 % BEAAH Eo, ) it - 20 7 #Abi 7
D £ B8 AR N B A5 B VAR B E AR (P <
0.001) ,

25 I, CFS BT M 2- - IR R B ks T A
XFATHFEEM TR R T 5 23T CFS 1Y
I RAEIR 2, HL 23 AR A Y 3 28 G T i IR A2 3
HE — R A R i 00 O DA R R e ) £ o 3
ZINHAE TP 7 i 46 K 2 50 2 3 13t
JrikihEs T UL e R 4 B, B SMUT 5T
TEFH 0 VEA 48 1 4 [ N AR5 o o A i, N F 9
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BRIV Z 00, W R B EMN T b BR
— HIRASPEA I Hh ) € 2 30 R B — B D g i
PEIOTMER ) Hb, S8R U5 T HAWA 58 J5 1), TC B %t
CFS Fr & I A W 2 AT R 22 VA0 T ik, B AR
W58 SNV 7 A AN A 2 ik (B2 A5 58 4l
AT CFS FEa A TS A fr it — 25 E A ] A5
WA A T VA AR G — HAG I AR A — 3, FEWE A
TR B TS AT S 2 R I i A e B i R DA R L
SRR B S BRaE S, WA RS RS rh AR Sk
7 0 e R L N R R AR = Vil | R A S e
AT o PRS2 e WS 25 Sy e 4148 52 > il 12
PEAG D7k i I R By sk 26 ) 8 14 75 A2 0F 5% v itk

— B BHZIBIE, CFS shi A i1 7@ PEHY i oK
SEGE—BRfE AT

2 % X #k(References)

[1] LIBB, FENG CW, QU Y Y, et al.

Research progress on
central mechanism of acupuncture treatment for chronic fatigue
syndrome [ J]. World J Acupunct Moxibustion, 2023, 33(3) .
198-203.

[ 2] BATEMAN L, BESTED A C, BONILLA H F, et al. Myalgic

syndrome; essentials  of

Mayo Clin Proc, 2021, 96

encephalomyelitis/chronic  fatigue
diagnosis and management [ J].

(11) ; 2861-2878.

[3] UK N G C. Pharmacological interventions; Myalgic
encephalomyelitis ~ ( or  encephalopathy )/chronic  fatigue
syndrome ; diagnosis and management [ M ]. London; National

Institute for Health and Care Excellence (NICE) ; 2021.

[ 4] BRFFZE, WRRMS, WS, % T CiteSpace B I K
MBI SCIRIGTT A 4T [J]. B A%GR, 2023, 64(14) -
1491-1499.

YAN XY, YAO J P, XI M H, et al. Visual analysis of research
literature on acupuncture clinical mechanism based on CiteSpace
[J]. J Tradit Chin Med, 2023, 64(14) . 1491-1499.

[ 5] ZHANG Y D, WANG L N. Research progress in the treatment of
chronic fatigue syndrome through interventions targeting the
hypothalamus-pituitary-adrenal axis [ J ]. Front Endocrinol,
2024, 15. 1373748.

[ 6] STALLMACH A, QUICKERT S, PUTA C, et al. The

gastrointestinal microbiota in the development of ME/CFS: a

critical view and potential perspectives [ J]. Front Immunol,
2024, 15; 1352744.

[ 7] NUNESJM, KELL D B, PRETORIUS E. Herpesvirus infection
of endothelial cells as a systemic pathological axis in myalgic
encephalomyelitis/ chronic fatigue syndrome [ J]. Viruses, 2024,
16(4): 572.

[ 81 ZEWi, EAI, W= EFHIIZI AL M55 L5 B AESh
PR (1], PR E AR, 2024, 34(4): 54
-64.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

, MIAO M S. Evaluation of an animal model of
Chin J

LI'Y Q, WANG C
chronic fatigue syndrome based on data mining [ J].
Comp Med, 2024, 34(4) . 54-64.

RO, R, JERRE, AE. UMY T Mk AL S Ay A A

MFTEERE [J]. I R BE 2 Rk, 2023, 33(10): 91
-99.
GAO R R, SHEN Z, LIAN M H, et al. Research progress on

kidney fibrosis animal models of qi deficiency and dampness
stasis syndrome [ J]. Chin J Comp Med, 2023, 33(10): 91
-99.

PR, BAHBE, B—10, 2. 2L HL RO 18 TR 57
ERANER B 1T AL RE T A2 B HEALR R [J].
7%, 2023, 48(4) : 317-324.

ZHONG X L, TONG B Y, YANG Y H, et al. Effect of
transcutaneous electrical acupoint stimulation on learning and
memory ability of chronic fatigue syndrome rats and its
mechanisms [ J]. Acupunct Res, 2023, 48(4) . 317-324.

RS, JHgEE, IV, . A NF-«B PR 1

PRI 55 SR B AE R BN A RE R A% 19 S S0 P 5 (0], I
5%, 2021, 46(9) : 775-781.
FENG C W, QU Y Y, SUN Z R, et al. Electroacupuncture

improves cognitive function by inhibiting NF-kB activity in rats
with chronic fatigue syndrome [ J]. Acupunct Res, 2021, 46
(9): 775-781.
R, EF, RS, . LRIEIEIE T LR SRR U
PR RAE S SO I B E ST [J]. P E P BEZR
$#, 2022, 29(4) ; 523-527.
LI C R, WANG X, FENG C W, et al. Improvement effects of
moxibustion on intestinal mucosal barrier and fatigue of rats with
chronic fatigue syndrome [ J]. Chin J Tradit Med Sci Technol,
2022, 29(4) : 523-527.
TR/, IR, RN, S AR M 57 LA R R U R Y
FIRAERSE (7], P BESSA OISR I, 2022,
20(21) : 3906-3912.
XU XS, TIANY F, ZHAI C T, et al. Behavioral characteristics
of rat model of chronic fatigue syndrome [ J]. Chin J Integr Med
Cardio Cerebrovasc Dis, 2022, 20(21) : 3906-3912.
SRR EF R 9815 CFS %5 57 A i PR 2800 K2 miR-184/
NFAT2/NKCC {5k L I 5 [ D], . i v e 2y
K25 2020.
ZHU F Y. The clinical effect of acupuncture on CFS
immunological abnormality and the mechanism of miR-184/
NFAT2/NKCC signaling pathway [ D ]. Chengdu: Chengdu
University of TCM; 2020.

AEAE. RS X8 M 57 A AR K AT O 24 152
[J]. SEESZE, 2020, 27(3) : 319-320.
LI D H. Effect of Huanyangshen on behavior of chronic fatigue
J Pract Med Tech, 2020, 27(3) : 319

syndrome model rats [ J].

-320.
PKEAS, SR, /N, S5 (R an OBUR 18 8 55 23
FAER BAT A BAR B R W wm [J]. BB, 2019,

51(4): 7-11.



o SEIG B4R 2024 4F 11 A% 32 %55 11 8] Acta Lab Anim Sci Sin, November 2024, Vol. 32, No. 11

1441

[18]

[19]

[20]

[21]

[22]

[23]

GENG Y J, JIN C X, CAO X Q, et al. Guilu yishen granules
have effect on behavior and relevant androgen of rats with chronic
fatigue syndrome [J]. J New Chin Med, 2019, 51(4) . 7-11.
IR AR, WIBFIR, AF. T IO KR Oy X
FEEAAE/N AT A E ML E R AL [J]. JERth g R
4R, 2021, 44(10) ; 908-916.

LIL L, SUL, HU M Y, et al. Analysis of the effects of
Shengyang Sanhuo decoction and its disassembled prescriptions
on behavior and intestinal flora of mice with chronic fatigue
syndrome [ J]. J Beijing Univ Tradit Chin Med, 2021, 44(10) .
908-916.

ZHETR. A B B X E M 97 25 A R B K LI D ERK/
CREB/BDNF {55 3@ & 9 2 ma [J]. LRI &E 2 B 2= 4k,
2020, 36(2): 97-105.

LI Y R. Effects of aerobic exercise on the hippocampal of ERK/
CREB/BDNF signaling pathways in chronic fatigue syndrome rats
[J]. J Shandong Sport Univ, 2020, 36(2) : 97-105.

B, ST TR BRI A AL A X 5 S
UM H R TR R LR S B VR T ML [ D] AR . mHR 2
K25 2020.
HE L C. Effects of Shenxianzhou on immunoregulatory
mechanism of chronic fatigue syndrome rats with spleen and
kidney yang deficiency based on molecular docking [ D ].
Chengdu: Chengdu University of TCM; 2020.

R, SRLIG, RERW], S B VR 0T LS R S MR R Y
BN RN IS N BT RE R[], vl ] e S R R A
i, 2009, 15(12) : 904-906, 919.

GAOHL, WUY L, ZHU HM, et al. Establishment of animal
model with chronic fatigue syndrome and its influence on
functions of blood vessel endothelium [ J]. Chin J Basic Med
Tradit Chin Med, 2009, 15(12) : 904-906, 919.

ok, O, RREE, . HECAT JOE X AL IR AL
REIIZREEPES (1] BEAEER, 2023, 36(16) : 72-77.
MA R F, SUM, XU W W, et al. Pharmacodynamics evaluation
of guigi Yiyuan ointment on model rats with deficiency of both qi
and blood [J]. J Med Inf, 2023, 36(16) . 72-77.

s, £a2, 2R, S ST (IR X ki
VORI IFE IO [1]. RHEERIRYER, 2023,
29(1): 51-54.

ZHANG Y H, WANG Y, LI H, et al. Study on anti-fatigue
effect of YiqiFumai lyophilized injection on ( carrageenan )
exhausted swimming rats [ J]. J Tianjin Med Univ, 2023, 29
(1):51-54.

XIHRAE, BRI SCARBH IR O M 57 £ A AR K B2 ZhaE
W [J]. AITEES, 2022, 50(9) : 653-656.

LIU C Z, LEI B. Effect of moxibustion at Shenque point on
exercise capacity of rats with chronic fatigue syndrome [ J]. Chin
Youjiang Med J, 2022, 50(9) : 653-656.

BLLE, BRI, 20T, A JE T4 25 A A0 Sl A
WAL S IR TR R ST LR AR BVE FIBL (], KRR
FEMIWIR 5K, 2023, 35(12) ; 2168-2182, 2153.
LIHY, ZHAO B J, LI Y N, et al. Mechanism of Gynostemma

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

pentaphyllum against chronic fatigue syndrome based on network
pharmacology and animal model validation [ J]. Nat Prod Res
Dev, 2023, 35(12); 2168-2182, 2153.

FRER, WA, T7F, % 24092 MR e 55 25800 i 52
B|WFTE [T]. PEEZSIR, 2023, 29(3) ; 43-48.

CHEN C M, TIAN Y Q, DING P, et al. Experimental study of
Angelica sinensis polypeptide on anti-chronic fatigue effect [ J].
Guid J Tradit Chin Med Pharm, 2023, 29(3) : 43-48.
RIS, B, skEE, S XTI NG kR T 0 9 07 £
AR BT 24 R 7 B B i e RS (1], PR B2y (5
Bk, 2021, 28(11) : 63-68.

XIE Y N, JI B, ZHANG Q, et al. Effects of electroacupuncture
on serum inflammatory cytokines and intestinal flora in chronic
fatigue syndrome rats with liver depression and spleen deficiency
[J]. Chin J Inf Tradit Chin Med, 2021, 28(11): 63-68.
REF, vk, TR CFS KRB 35 8 3hiT A fiE
TGRS E M V], o FAEME Rl 2023, 21(10)
3433-3438.

SONG Q, GAO Q. Effects of extracts of Chrysanthemum
coronarium on anti-fatigue, motor behavior and immunity in the
CFS rats [ J]. Mol Plant Breed, 2023, 21(10) : 3433-3438.
¥, BUKIR, WIER. T TGF-B/Smad {5 5@ B A5 NF-
«B FEHLE DU MR 55 25 G AR AU/ AL (D], PR
FrrZuik, 2023, 43(2) : 418-421.

HAN L, YAN Z L, HU M F. Study on the role and mechanism
of NF-kB in electroacupuncture against chronic fatigue syndrome
based on TGF-B/Smad signal pathway [ J]. Chin J Gerontol,
2023, 43(2) . 418-421.

WHIAE, 2o, SRIC, S5 AR YT R R R N Bl
PSR 57 45 A ERR TR Bl ¥ T il 22 5 00 I LT T -HP A il 9 172
BB [1]. BAARFEZR(EERR) | 2021, 47(4) « 842-
848.

PAN M Z, LI J, RONG B,

manipulation on remodeling of hippocampal neurons in chronic

et al. Effect of abdominal
stress-induced chronic fatigue syndrome and its mechanism of
negative feedback regulation of hippocampus-HPA axis [J]. J
Jilin Univ (Med Ed), 2021, 47(4) : 842-848.

SRIRAT, T, BREE, S, IE b 2R el SO Gkt A AR o
RSB E [1]. RUIERIRER, 2023, 44
(12) . 6-12.

ZHANG C C, NING R, CHEN N, et al. Effect of median nerve
electrical stimulation on synaptic plasticity in ischemic stroke rats
[J]. J Kunming Med Univ, 2023, 44(12): 6-12.

SR, 2R SRORE TN I B AR N B i 2 O L
[7]. hEELEFE, 2022, 42(15) ; 3768-3772.

ZHANG L, LI F. Neuroprotective mechanism of passion fruit
seed oil on Parkinson’ s disease mice [ J]. Chin J Gerontol,
2022, 42(15) : 3768-3772.

JURRTR, 3052, 33, . Penetratin £ A #h 4 EKEH TR
ST A5 U R N R [T]. P R R R AR,
2023, 33(8): 114-121.

YOU L L, FU W L, PEI J, et al

Treatment of moderate



1442

o S EG Bh 2R 2024 4F 11 A5 32 555 11 ] Acta Lab Anim Sci Sin, November 2024, Vol. 32, No. 11

[34]

[35]

[36]

[37]

[40]

[41]

traumatic brain injury in mice by coadministration of nerve growth
factor and penetratin [ J]. Chin J Comp Med, 2023, 33(8) .
114-121.

KWON D A, KIM Y S, KIM S K, et al.

antifatigue effect of a standardized fraction ( HemoHIM ) from

Antioxidant and

Angelica gigas, Cnidium officinale, and Paeonia lactiflora []].
Pharm Biol, 2021, 59(1) : 391-400.

LEEJS, JEONY J, PARKSY, et al. An adrenalectomy mouse
model reflecting clinical features for chronic fatigue syndrome
[J]. Biomolecules, 2020, 10(1): 71.

SONG J H, WON S K, EOM G H, et al. Improvement effects of
myelophil on symptoms of chronic fatigue syndrome in a
reserpine-induced mouse model [ J]. Int J Mol Sci, 2021, 22
(19): 10199.

IRPRER, ZEetr, BRSO, A P IR A I W I X R L e
AR (1], Ml E5E, 2014, 36(6) . 451
-456.

ZHENG D P, LI X Z, WU W B, et al. The protection of
endogenous plasmalogen on ischemic brain injury in rats [J].
Anat Res, 2014, 36(6) : 451-456.

FIE K. PUBHIIZRIAE SPARC X i i IR &/ B85 UL
WS [ D], L. BRI 2023,

JIANG Z F. The effect of resistance training regulating SPARC on
Shanghai; East

fem

skeletal muscle mass in high-fat diet mice [ D].
China Normal University; 2023.

THAKUR V, JAMWAL S, KUMAR M, et al. Protective effect
of hemin against experimental chronic fatigue syndrome in mice:
possible role of neurotransmitters [ J]. Neurotox Res, 2020, 38
(2): 359-369.

TRARA. SR ST R BT 57 AT 2 BE AR LR AT Y
[D]. dbat. dbatrh 2% 2020.

ZHANG S P. Pharmacological effects and mechanism of total
flavonoids from mulberry leaves on fatigue and depression [ D ].
Beijing: Beijing University of Chinese Medicine; 2020.

HKF15. NLRP3 S AE/IMATE /I U 97 B AT o b 9 4R T B L
HOFFE [D]. L. b N R 224 5K 2018,
ZHANG Z T. Molecular mechanism study of NLRP3
infammasome on fatigue-like behaviors [ D]. Shanghai: Naval
Medical University; 2018.

LI D, HU D, SHIGETA M, et al. Homeostatic disturbance of
thermoregulatory functions in rats with chronic fatigue [ J].
Neurosci Res, 2021, 165. 45-50.

GERALD M C. Effects of (+)-amphetamine on the treadmill
endurance performance of rats [ J]. Neuropharmacology, 1978,
17(9) : 703-704.

HIZR, SPOT. Sis g o5 ik R 2 ——— A
SR X R 7 38 B 57 S K SR e (7).
TEIZZ B2, 1998, 17(4) : 334-338.

XIAO M Z, GUO Q F. The effect of different type of stmulation

on the gycogen metabolism during treadmill exerckse induced
fatigue and recovery period in rats [ J]. Chin J Phys Med, 1998,
17(4) : 334-338.

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

FREEM, 27000, XIMF, AR, IR MR R AT IR
FIZZHE S B RIRAR B A% e-fos RIKMIEM [J]. LUk E
KR, 2012, 35(7) : 52-57.

CULJ M, YAO H L, LIU H Y, et al. Effects of xuefurong
capsule on the sports ability and c-fos expression within nac in
overload training rats [ J]. J Beijing Sport Univ, 2012, 35(7) .
52-57.

HE C, BASSIK M C, MORESI V, et al.
BCL2-regulated autophagy is
homeostasis [ J]. Nature, 2012, 481(7382) . 511-515.
FUJIKAWA T, CASTORENA C M, PEARSON M, et al. SF-1

Exercise-induced

required for muscle glucose

expression in the hypothalamus is required for beneficial
metaholic effects of exercise [J]. eLife, 2016, 5: e18206.
SINGH O, OGDEN S B, VARSHNEY S, et al. Ghrelin-
responsive mediobasal hypothalamic neurons mediate exercise-
associated food intake and exercise endurance [ J]. JCI Insight,
2023, 8(24): el72549.

JRIEE , MRS, PNVEN, S ALETXHE MR 55 45 A A K R
Tl Bt S5 e R m [7]. BFRIWESE, 2024, 49
(3): 274-282.

QU Y Y, FENG C W,

electroacupuncture on behavior and hippocampal inflammatory

SUN Z R, et al. Effect of

factors in rats with chronic fatigue syndrome [ J]. Acupunct Res,
2024, 49(3) . 274-282.

HE Q, SAWADA M, YAMASAKI N, et al. Neuroinflammation
oxidative stress, and neurogenesis in a mouse model of chronic
fatigue syndrome, and the treatment with kampo medicine [ J].
Biol Pharm Bull, 2020, 43(1) . 110-115.

OHBA T, DOMOTO S, TANAKA M, et al. Myalgic
encephalomyelitis/chronic fatigue syndrome induced by repeated
forced swimming in mice [ J]. Biol Pharm Bull, 2019, 42(7) .
1140-1145.

T, ZEAN, T, A5, ALET IR MR 97 LR R R L
SJIRICRE ) R TS AN R T 3 s (D). Pl 520
REEEE, 2019, 14(11): 541-543.

YANG Y, LI C R, WANG D L, et al

electroacupuncture on learning and memory and secretion of

Effect of

serum cytokine in rats with chronic fatigue syndrome [ J]. Neural
Inj Funct Reconstr, 2019, 14(11) . 541-543.

TR, SR, SRUIBH, 55, 00 £ b UKL X8 M 5 57 4
TR BN IAT S B Bl e BRI i 222 DAL 2R 38 328 1) 5% 1)
[J]. NEEERZ, 2019, 30(3) : 581-584.

XINGS J, JIN C X, WU M Y, et al. Effects of guiluyishen
granule on cognitive behavior and neurogranin expression in
cortex and hippocampus of chronic fatigue model rats [ J].
Lishizhen Med Mater Med Res, 2019, 30(3) . 581-584.
XRAE, FE e, oM. ST I8 M 55 2555 kR BUA RIS e
R onhy R ()], PEERZESZRE, 2021, 36
(8): 1009-1011.

LIU C Z, LEI B, ZHANG P. Effect of acupuncture on cognitive
function and hippocampal neurons in rats with chronic fatigue

syndrome [ J ]. Chin J Rehabil Med, 2021, 36 (8). 1009



o SEIG B4R 2024 4F 11 A% 32 %55 11 8] Acta Lab Anim Sci Sin, November 2024, Vol. 32, No. 11

1443

[54]

[55]

[56]

[57]

[60]

[61]

[63]

[64]

-1011.
WEI X, XIN J, CHEN W, et al. Astragalus polysaccharide
ameliorated complex factor-induced chronic fatigue syndrome by
modulating the gut microbiota and metabolites in mice [ J].
Biomed Pharmacother, 2023, 163 114862.

SRR YL, PR R B X8 MR 57 R AT B ACTH
CORT fys¢m [J]. SEBAHEE, 2020, 35(15) : 2312-2315.
GUO Z K, TIAN P. Effects of fermented Cordyceps powder on
behavior, ACTH and CORT in chronic fatigue rats [ J ].
Guangming J Chin Med, 2020, 35(15) . 2312-2315.

SR, AT B X P 55 45 5 K SR AT Ry e G
iRz (1], PEIRRBIZE, 2019, 11(31): 29-31.
GUO P P. Effects of the Shugan Liqi decoction on behavior and
immune function in rats with chronic fatigue syndrome [ J]. Clin
J Chin Med, 2019, 11(31): 29-31.

WROCEE, WRT, ARG, S8 DH 6 18 % 57 45 6 TR/ B
INHIBET) MARAE N T B [J]. R 4EEAGE, 2023,
43(19) ; 4770-4773.

CHEN W Y, CHEN Y, SI G R, et al. Effect of Guipi decoction
on cognitive ability and inflammatory factors in chronic fatigue
syndrome model mice [ J]. Chin J Gerontol, 2023, 43(19) .
4770-4773.

SHENG H, LU D, QI X, et al. A neuron-specific Iscal
knockout rat developments multiple mitochondrial dysfunction
syndromes [ J]. Anim Model Exp Med, 2023, 6(2) : 155-167.
R, RIS O A B S 45 5 2 ST TAZ AR T B R
HAUH [D]. Kb dgks; 2022

XIAO J N. Effects of prenatal stress on hippocampal structure
and learning and memory ability of offspring rats and its
mechanism [ D]. Changsha; Central South University; 2022.
XVEERS, SKAH, WA, S PR S5 X8 M 57 e
AERERL /N B 25 AR U5 [ 0], B BB R 224,
2022, 45(12) ; 1448-1453.

LIUJ L, ZHANG S L, HU J P, et al. Study on pharmaco
dynamic effect of Cistanche compound on chronic fatigue
syndrome model mice [ J]. J Xinjiang Med Univ, 2022, 45
(12): 1448-1453.

JEIK. SRR 2%/ I BRI 2 i 1) 5% i) S JCHL AR 8% 5T [ D]
Kb IR 2022,

ZHOU L. Effect and mechanism of gastrodin on

[ D]. Changsha:;

septic

encephalopathy in mice Central South
University; 2022.

G, A, BURK Y, 45, v ik L [ i o /DN BT AR A7
AEER B (1], APR2EAR, 2022, 74(2) : 165-176.
LIUJ H, YANG C, GU Q X, et al. Effect of high-intensity
interval exercise on depression-related behavior in mice [ J].
Acta Physiol Sin, 2022, 74(2) : 165-176.

JIA X, WANG Q, JI J, et al. Mitochondrial transplantation
ameliorates hippocampal damage following status epilepticus [ J].
Anim Model Exp Med, 2023, 6(1): 41-50.

RN, Thih, BRI, AF. BRZYDF S X R MR 55 L5 SRR
BUMFLER &2 AMPK/PGC-1a {5 5 B H E M [J]. #jef

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

5%, 2022, 47(10) . 878-884.

XU X S, MA W, XIONG L J, et al. Effect of herbal cake-
separated moxibustion on behavioral stress reactions and blood
lactic acid level and muscular AMPK/PGC-la signaling in rats
with chronic fatigue syndrome [ J]. Acupunct Res, 2022, 47
(10) ; 878-884.

T, EWL R NRA RN TRPV 25 90 HEE
ey SF B S AARIE RIS (], DSBS, 2023, 14
(4).224-228, 232.

FANG D, WANG R, QIAO H. Study of TRPV1 in the central
nucleus of the amygdala participates in pain and anxiety of
experimental orthodontic tooth movement in mice [ J]. Oral
Biomed, 2023, 14(4) . 224-228, 232.

WENN, SR, SKRENEE, S M AR KO K S
M BT S ()], R R SRR, 2024, 30
(1):57-62.

CHANG X L, ZHANG H Y, ZHANG L L, et al. Research
progress on neural circuits of negative emotions induced by
chronic visceral pain [ J]. Chin J Pain Med, 2024, 30(1) : 57—
62.

FEMfR. WNT/B-catenin {55 18 B 15 K RIS ook 1 e 1
FEIVERSHLRIPIE [D]. F53M . TR, 2021

WANG H C. The role and mechanism of WNT/B-ceatenin
sisnaling pathway in regulating psychiatric disorder after traumatic
brain injury in rats [ D]. Suzhou: Soochow University; 2021.
B, #T, JASCE. RN A AR A SARS-CoV-2
SHEHAMMAEBORNL [J]. T [E 25 5 7 M AR,
2023, 37(7) : 553-554.

XIAO W Y, JIANG N, ZHOU W X. Nerve injury effects of tail
vein injection and nasal inhalation of SARS-CoV-2 S protein
[J]. Chin J Pharmacol Toxicol, 2023, 37(7) : 553-554.

B S I CLBP BEALK B PKCe-TRPVI 5 %5 il
BT R MR AL AT S [ D], B, BiEPEZR
25 2021.
LYU Z Z. Study on the anti-inflammatory and analgesic
mechanism of spinal manipulative therapy regulating PKCe-
TRPV1 signal pathway in CLBP model rats [ D]. Shanghai.
Shanghai University of Traditional Chinese Medicine; 2021.
FRUKE. A0 INK {5 530 5% 390 e 1 1 A 5 e B O T
SIS B EREAT N IR BESY (D], AL BERERK
2F; 2023,

ZHANG B Y. Inhibiting the JNK signaling pathway reverses
hyperalgesia and anxiety-like behavior in a non-specific chronic
low back pain model [ D ]. Hefei; Anhui Medical
University; 2023.

BRE, BB, RRTIR OGRS R S
BRI HRT RO [J]. PRAKTRERSR,
2024, 28(27) : 4300-4305.

LU C X, ZHANG S M, NIGEAYI-A H M T, et al. Medical
ozone alleviates pain in temporomandibular joint osteoarthritis
[J]. Chin J Tissue Eng Res, 2024, 28(27) : 4300-4305.
YASUI M, MENJYO Y, TOKIZANE K, et al. Hyperactivation



1444

o S EG Bh 2R 2024 4F 11 A5 32 555 11 ] Acta Lab Anim Sci Sin, November 2024, Vol. 32, No. 11

of proprioceptors induces microglia-mediated long-lasting pain in

a rat model of chronic fatigne syndrome [ J ]. ]

Neuroinflammation, 2019, 16(1): 67.

PRI, JRARTT, WA, . ORIE ML T2 B A
KAURERRIEEEE (1], hEBER 22K, 2023, 43
(22): 2471-2477.

[74]

Hosp Pharm, 2023, 43(22) . 2471-2477.

JAZR. TR ILZALTE 80 21 i 1 28 78 28 94 KOk 28 0 11 2 245 A Mg
P-gp WERIBLEIBTFR [ D]. BN . BT EZS R 2016.
ZHOU R. The brain delivering study of Polysorbate 80 modified
neurotoxin nanopar ticles after Intranasal administration [ D ].

Hangzhou; Zhejiang Chinese Medical University; 2016.

CHEN J F, SU D X, HUANG H Z, et al

Preliminary

[WFEBHA] 2024-06-12

investigation on the toxicity and analgesic effects of different

Chin J

processed products of aconiti vil-morinani Radix [ J].

FE RS B IR B 4 BEL AN 53 T4 AE

Ji 2 g A1 AR 43 1T L 55 B BT A 35 ( premetastatic niches, PMN) B #1533 37 7 38 Ab 2% B 20 ZUfE 0F
i s AR, 8 15) PMN R] LU7E LI TU5 g 6 #% . FL R, % PMIN ROZR AT 70 THRAESRZ IR A T, ASSCEZS
TR PMN A AN T ARE AT ST IR SR IE PMN T P80 LI T )5 g 4 B nO v IR Y7 SR, S AR
FEAIN PR AR 1A 1 i

AT R & e T (SR 5 S50 PR 27 (3 30) Y M ) (Animal Models and Experimental Medicine, 2023, 6
(5): 399-408. doi; 10.1002/ame2. 12356) ,



2024 4F 11 H o [ 5256 Bh P A 4 November 2024
H32% 1 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 32 No. 11

ERA 0 BRIRSE , FHGERK, 4. NF-xB {5 Sl - SRR o LR [J]. P ESCREIYE, 2024, 32(11) ; 1445-1455.

QIU Y Q, CHEN Z Y, SHEN X Q, et al. Nuclear factor kB signaling pathway in viral myocarditis [ J]. Acta Lab Anim Sci Sin,
2024, 32(11) . 1445-1455.

Doi; 10. 3969/j. issn. 1005-4847. 2024. 11. 009

NF-«B {5 5 il -5 2 PO LR
SR BRARR N WA, KRR ABR, TRE

(1. MR EZG R I 4500532, 1T Rg 4 P S e/ 0 e HH S 25 K 2450 BB e, A3 450053)

[#WZE] WEEPEONLA (viral myocarditis, VMC) fZ /Lo LR thfR 8 DAY RN W] JE 2808 MO LA AE 2 2 00 )
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Nuclear factor kB signaling pathway in viral myocarditis

QIU Yueqing', CHEN Zhenyi'** , SHEN Xiaoqiu', SONG Chenghao' , KONG Guixuan', WANG Zhentao'"*
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Medicine/Second Affiliated Hospital of Henan University of Chinese Medicine, Zhengzhou 450053, China)
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[ Abstract] Viral myocarditis (VMC) , as the most common type of myocarditis, can progress to chronic myocarditis
and even heart failure, ultimately leading to death. Nuclear factor kB ( NF-kB) is a multifunctional transcription factor
involved in regulating a wide range of biological processes. Existing evidence suggests that the balance between pro-
inflammatory and anti-inflammatory factors plays a decisive role in the prognosis of VMC. The NF-kB pathway mediates
inflammatory responses and regulates pathways such as cell apoptosis, energy metabolism, oxidative stress, and insulin
resistance to participate in the pathological progression of VMC. This article analyzes and summarizes the molecular
mechanism of NF-kB signaling pathway regulation in VMC from the above five aspects, to provide a reference for future
basic research and for the clinical diagnosis and treatment of VMC.

[ Keywords] nuclear factor kB; viral myocarditis; inflammatory response; pyroptosis; energy metabolism; insulin
resistance ; oxidative stress
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O LR B E X R B PO LR (viral
myocarditis, VMC ) , #1] % &} B3 3% B ( coxsackievirus
B3, CVB3) s i UL i L R, 3 o 5 | I 25
EL AN BE A0/ B R 92 0 25 55 A 22 Fhoi 2
WG RAE Y BAREE2EXT VMC = FEsiia T
T3 ATS LA SCRRIR YT O 32, B A0 0 2R 1 B 57
OHLBURTEERYT , T & 2Pk C 5 B TR PR | i
BRI AR 25 A T O S I RO
Fortoipn A Ze 0 = B B D VMC R FLAL
il 1 A S8 W, Y ETRIESE W, CVB3 405 B R L
S B LA AT 45 A AR T IR B A R 18
(interleukin-1 beta, IL-18) . v + #&t & ( inducing
factor-y, IFN-y ) K 51 5 #H O¢ 73 F B X ( damage
associated molecular patterns, DAMPs ) %5 N I 443
WS RPN, RAFPURREE . (B Bk (E 5007
HEA NG R 5 fish 2 B B8 3 10 A= B A B A 0 A i
WA 7EMHE CVB3 gy, TE 1L X 7 F T 454
BE Y FAA% L IG5 A P PR 1) O JUEE SR B | 3 — 2
WLAAE' T AT AT, VMC BT S 800 5% R SE 15
SLIOE T W R R 18 MO LA, 38 80 T B P
5. WeAh 539 1 00 B R 1O LA AR,
T 3 A i B P s Iy S A0 L PR XL TR 422 35 0 L
w

5 55 N T kB (nuclear factor-«kB, NF-«kB) 431
T AFETHEL A DR E A AR, K
BILLK  NF-kB (30 A BEAE 12 i 28 1% A 7 1Y
FETICS 5 AN AR 110 55, DT 48 R B0 R0 2 S
IV, SRTM NF-kB {5 538 #% 8 42 48 5 Sy i L 52
A%, ATTERE SO DL A 2E O 92 200 i 0 0 T B A 4
P JORE BN AR B SRR Lt | VMC 2
T RAE LD , NF-B {55 8 # AL AT VMC
PAE SN, 30 REAY T HE AU I I8, B 2 A5, 4t i £
T B B IPUE AR EE R ARG A
RIAT B FEIEYE 5 NF-«B {5 538 B F VMC iy
S FHLERIES T Bas SR ER, DU R Ak S mb i 58 5
R IZIG S

1 NF-xB ESBRARKEESERZ

NF-kB Z & i 5 A BG4 A, 4390 /& NF-kB1
(p105/p50) . NF-kB2 ( pl00/p52) . p65 (RELA) . V-
Rel MR PN Bz 48 A 5 7963 2L R [R) U540 B (transcription
factor RelB, RELB ) Fl Jii % 3% A #5 F c-rel ( proto-

oncogene proteins c-rel, c-REL) , H T I ER5F Rel
[A] 5 25 #4485, ( Rel homology domain, RHD) , {7 2 4~
TR AT LA 1 [a] 5 B8 S U — AR AAZ ) 4% H b
FEPRIERIR R ARAEOE O7 2SI, FDEE NF-kB
R M SRR g R
NF-kB R Gl H H p50 5 p65 41%) 5 NF-«B
& H ( 1 -kappa B proteins, | kB) JERIGHG M —
R AN R AT (248 TNF A EE A
ANRERMEHNT), [ «B #EBEEZ 59 ( 1 -kappa B
kinase, I KK) B3, B2 1L T B 2 11 I H %
fift, B NF-kB p50/p65 — R AR, i LY NF-xB
p50/p65 AT 5 HAWR 5% K 1~ 2H & B M A%
P45 H#Y DNA R Bt 500 mRNA {2 7R 8 1 8%
A28 g A% rh Rl o P NF-B 5 5 A (Nik
related kinase , NIK) , BfiRfb 1 KKa & & 14, 2 1
NF-kB p100 B R ILFE A K NF-xB p52,JE WA i #:
) NF-kB p52/RELB R, ARAR o H i3 19
Fe B AR, WL 1, NF-«B BAT ) Z 1944
W, 25 Z B iy A SR B LE

2 NF-kB {55 VMC

RAENE VMC A —JEXIT S, B A ) T
TERTE R FIZHSUE 5 B3 BE 1Y 4 RE 52 17 ] 408 3 0
L, & LGOI RE RS . BUA IESE R W], T VMC e
P TR RE 5T 0 L0 45403, T e
SO0 2 0 BE VOIS 0 2B I S BURY ) 4 R E
Pt A 4R T 48 22 18] 7 X VMC 1
WS EIREENE . BFSE R, NF-«B 8 % i) S0
TS VMC /N RO R E T 5k 2L L (dilated
cardiomyopathy , DCM ) & L1811 |
2.1 NF-xB {5550 A48 5 1 = A

toll FEZAA (toll-like receptor agonist, TLR) J&—
Tyl fe B6: A7 5 A4 400 1 1% )@ 4% , TLR3 | TLR7 . TLR8
FITLRO 2 A IR, & 114G 00 6 1A 3 B AR AH OG0
F & 3 ( pathogen-associated molecular patterns,
PAMP) 5 & & A & 43 1 15 X ( danger-associated
molecular patterns, DAMP) %4> F-, CVB3 %1% %) i
EEE RNA, H A2 72 b 7 A B BUEE RNA
(dsRNA) Hr ] {4 & —Fh #iL 8 PAMP, 7] %% TLR3 4§
PRI TLR3 RERS 8 13 30T 5 viv Z5 M9 3k 11
1 fit #5175 54 % -B (interferon-B , TRIF) IR IR 5L
K F 32 K AH e F 6 (TNF receptor-associated factor
6,TRAF6) 14K -1 32 A U 1 (interleukin-1
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T AEL M NF-«B Gl # T B S5 52 (R85 5 5 0E | KK, BRI L 1 «B 4 AR AR, B NF-<B p50/p65 — 2R &
AR BB RED  TEAR 2 NF-«B s P, NIK B30 , B e 1k | KKa S48 Hf NF-B p100 P29 NF-kB p52,
T I P SR, AR H A REA
B 1 52 NF-cB {5 5388 (h Figdraw 23]

Note. In the canonical NF-kB pathway, after ligands bind to receptors, IKK is activated, phosphorylating the IkB protein and
causing its degradation, releasing the NF-kB p50/p65 dimer into the nucleus to regulate target genes. In the non-canonical
NF-kB pathway, NIK is activated, phosphorylating the IKKa complex, degrading NF-kB p100 into NF-kB p52, forming an
active dimer that enters the nucleus to regulate target genes.

Figure 1 Canonical and non-canonical NF-kB signaling pathways( Drawn by Figdraw)

receptor-associated kinase 1, IRAK1) #{iG NF-kB 17
5, DA 165 42 48 4 B DXL 5~ il RS B o3 Y 3R
IR NSk & SN T 1(foxO1 protein, FoxO1)
FITLR4 1E VMC /s BoC LA 26 38 38 i, o 2% ik
FoxO1 A F+ & TLR4 5 p-NF-kB p65/NF-kB p65 &
HW &, O LA 22 R BA B (lactate
dehydrogenase, LDH ) | L FR 334 B [W] 1. B ( creatine
kinase MB form, CK-MB) 5 4 4 [K - I J8 3K 5E
F-o (tumor necrosis factor-or, TNF-a0) . H 4™ & 6
(interleukin-6,1L-6) F1 IL-1B AR #&5 , i I S350
LA 2 P40 T ], A T2 3G, T ER TLR4
REIH: FoxO1 Y Bk Ak FEF . W] FoxO1
i i TLR4/NF-kB {55, MU VMC f.CJULZR i
TS RIEME

B85 R 8 H RO PR & A RS 1T ( calcium-
calmodulin-dependent protein kinase type 2,CaMK II )
JE— ML AR/ IR AR & H U, )iz Rk T 45 R
AP LA 1 K 240 B A 1 vk 2 ol A
FH, mesR CaMK I T 40 i) A S5 O 7 38805 A2 15 Y 40

JEPA T CaMK I FECHEH T Bk CaMK 111
SRS FE VMC B4 40 AR 2 25 b R
CaMK I1S 1] 22 fift 9 iE 45 13 0 20 JUL 40 i 0 T
2 CO-IP YiiF & B, CaMK 11 8 31315 toll BEZ A
& B TOLL/ 1 A &1 52 K A0 5C 2 1 (ol

interleukin 1 receptor domain containing adaptor

protein, TIRAP ) EL 3454, # 3% T TLR4/NF-xB {5
ShE S PN CVB3 WS M RGBS
Hh B EE KT 2 mRNA 4547 1 (insulin-like
growth factor 2 mrna-binding protein 2, IGF2BP2) j&
NC-JRHFER AL (m°A) B4 ( LR A= 1) RNA &1
Bz —) WEEA™, a2 m*A &6 1
CaMK I1 8 mRNA DAMS5% CaMK I & %4 & P, 4 ] T
B R, B, CaMK I % HA I 28 (40 CaMK
Iy) BEAE VMC R BRI A G
RS 5 kM E T 3 (STAT3
transcription factor, STAT3) J&—Fp 2P & 4 K,
LB W RIK, 25 2 E 5 HIGE I, g
BEREARAEER, S 5K HT BEEL
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P % 22 Bk CVB3 Bl STAT3 45 Sk w4
(STAT3cKO) /Iy BRL S5 56 i 5% f 7S, NF-wB 3 (5 AH ¢
JHEH T (NF-kB p65 , TNF-o IL-17) & % T+, {H
PRI T 4 %-10 (interleukin-10, TL-10) 54k 4=
£ K F-B ( superfamily proteins, TGF-B) T [, #£ 7/~
STAT3 3@ ] NF-wB {5538 g AR 2F i 4 3 2
YA VMC R R0 LA

C1lq/TNF #1589 ( C1q-TNF-related protein-
9,CTRP9) J& T CTRP 8 % i 51 , & — P A i A
T, HERIE 25 /38 (76 PR X)) 5 BR B Z (adiponectin ,
APN) BA i IRV, 2 5 00845 22 Floos 145 5 9w
PR S BFgE & B, CTRPO 1E VMC & LA A
I FRIRFEAR, CVB3 SR YL 1) H9c2 20 LA A Hh [ A
EPUEFIACY | 1 Fik CTRPY AT % CVB3 Jiij
J& HOe2 LML RAE T2 5 21 44k, 1B [A] i ik
ZEaA eI B AUEE (1 (thbsl protein, THBS1) i
WA VR W33 5%, co-TP 1l /€ % 7% CTRP9 5
THBS1 fELEA EAE T, 55 At 995 v 0% 3 5 BIL 61
— 78 B CTRPY 5 i # # THBS1 BH K NF-kB
5 TGF-B1/Smad2/3 g

/N RNA ( microRNAs, miRNAs ) 42— 2H 45 56 JF
Zifih RNA, AT 82 45 550 mRNA 19 37 JEBHIEIX (3°
UTR) .5’ AE %X (5° UTR) 5 g i X i 47 56 A
SRJE VR 1 I AE G g R, 40 L & 7 B A L T
LAY R R EEEMY ) B
Z2H], miRNAs 7£ VMC HA] 3 i3 8 #%8 TLRs/NF-xB
SO R AEYL R VE M, miRNA-146a ( miR-146a)
PrETE CVB3 B 1 SR A0 LA i b o 2 T, 7
CVB3 /&Y Hela i ii ', miR-146a [ TLR3 5
TRAF6, fll il NF-«B {5538 %, Jk /D> T 42 % 11
F2ik1) | X B miR-146a i@ i TLR3/NF-«B
Wom R, M oW R OAE R N, IR 2 B
(lipopolysaccharide , LPS) 155 H9c2 .0 L4 i #5215
BRI miR-16 5 miR-27 ik ¥ B W AL, imii_E o
miR-16"*" 8 miR-27"*) W]y > 20 g 9 T~ I 41 0% 184
B8, WL 56 3E 2 7% miR-16 5 miR-27 ¥ 7] #I4] NF-
kB {55 A 5C 2 (p-NF-kB p65/NF-kB p65 5
[ kBa/p- I kBa) ik, F34b, 3 A 43 Hr #0000 8 7R
CD40 & miR-16 #EL[H . 7 CVB3 &4 Hc2 L AL
A b, T 94 miR-217 5 miR-543 A] &A% 1L-6, IL-
18 M [ ( malondialdehyde , MDA ) 7K, $#4 /i1 42
AL Wy 5 AL B ( superoxide dismutase, SOD ) i 1,
TargetScan B J) 10 1 U BK A5 B 5 B+ 1

(sirtuinl , SIRT1) #9 3 JE H15 [X 5 miR-217 . miR-
543 BYEEG AL TR SIRT1 ] 36 %% miR-217 .
miR-543 T O RECR P YEN] . I B, CVB3 &y
AMUFEAL T HOC2 ZH MY SIRTI & 15 mRNA &
Ik, R T B R AL R T IR IS AL R U o (p-
AMP-activated protein kinases o, p-AMPK-a) 7K
p-AMPK-a/ AMPK-a [ LU AEL, & /% T p-NF-kB p65
JKF-F p-NF-kB p65/ NF-kB p65 [fH, ik ik 25 [F]
FERT [ miR-217 B{ miR-543 (9 F 8 3% % A I,
miR-217 \miR-543 i i #[n] SIRT1/ NF-«kB 5 AMPK
F Sl S VMC SR B S AE RO

£ %% 9F % % RNA (long noncoding RNAs,
IncRNAs) 25 T4l &K & I 51550  RAE P
SR B L AR AR IR R, 24
IncRNAs 7£ VMC H 575 R 38 i 5o IR 45 R 9 IR
YRR T | E WA AR AL AE R AR M i sl 3 VMC 1Y
S JELO0 O XUE 458V S % P, IneGBPY 7E 2 1k
VMC /N BRLC ILAE 21 2 8 R Rk, R
IncGBP9 1J 2% VMC /MO DI RE  Zff O LA 2R
iE BT O WLAN A T, J0H] NF-«B {5 5 3 AR OC 8
F ( p-NF-kB p65/ NF-«kB p65 5 IkBa/p-IkBa) 3
K VR T TNF-o  IL-6 F TL-18 (754 )
HED IncGBP9 S AT 0] NF-kB {5538 1% , & 41
R P TAER A BECH G, CAO
LR AR CVB3 i S i RO Lgn i
IncRNAs HIF1A-AS1 ik B W Fh &5, UUBK IncRNAs
HIF1A-AST J5 0] 2 3% 40 g 98 T, 9 2> 3 % A
(reactive oxygen species, ROS) A il , I 3% PR M &
7 &, IRl 34 T «Ba #5712 AL AT NF-kB 1 1,
1M miR-138 B Y 5% T LR VER, Hi bk ml 45,
IncRNAs HIF1A-AS1 B[] miR-138 7% NF-«B {55
I VMC REER, LA 2,

L5 L FTIR  NF-kB 5 538 A2 VMC TPl 5%
HRRZAE, AEi 1 RNA (IncRNAs 5 miRNAs) &

AN T2 5 NF-«B {5518 B985, DK

B ] VMC B F8 o LA L P 1) 2 90 52 oy A
2.2 NF-xB {55 530 A2 B 5 i )2 B2

3 AR O ILEH L P SR S 0 2 VMC S0 )R
[ O o NS I (E R B 1R a8V Lo 1 RS 1
BN K A0 B A A O LA BRI 9 0 I R Al 5 VMC
FRC LR 405 L0 T i B A X A 56T Dpep2 J2
et & KRS % ( dipeptidase , Dpep) 1% 51, = 51
P RMEBIR KA E SN, VMC Bsf 7 323 O JUL A
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1 7E VMC BRSO IUAIAE A TLR3 352 0% TRIF . TRAF6 2 IRAK1 ¥ NF-kB;FoxO1 [ TLR4/NF-kB {55 ; CaMK II & Fq454%
4 TIRAP #4i% TLR4/NF-kB i@ % , IGF2BP2 AR M2 m® A 841 CaMK 11 & mRNA LA3E5E CaMK I & F& 2 1 ; STAT3 4l NF-«B il % 3%
% TGF-B IL-10 , 4l 8 i K28 ; CTRPY i 3 4 THBS1 PHIET NF-xB 5 TGF-B1/Smad2/3 i % ; miR-146a [ TLR3 5 TRAF6, ] NF-
kB;miR-16 5 miR-27 HJ R[] NF-kB;miR-217 5 miR-543 ¥l ) SIRT1, # ] NF-«B, #% AMPK MDA ,SOD;STAT3 #ji{fi] NF-kB; NF-

kB {23 TNF-a \IL-1B IL-6 IL-17 AR 3k 46 5 SN o

B2 LA NF-«B {55 b 5.0 LA 58 4E S 2705 BILf] ( i Figdraw 2276
Note. In the pathological state of VMC, within cardiomyocytes, TLR3 activates NF-kB by activating TRIF, TRAF6 and IRAK1. FoxO1 upregulates

the TLR4/NF-kB signal. CaMK Il 3 directly binds to TIRAP to activate the TLR4/NF-kB pathway, and IGF2BP2 can recognize m®A-modified
CaMK I8 mRNA to enhance the stability of CaMK Il 8. STAT3 inhibits the NF-kB pathway, activates TGF-B and IL-10, and inhibits the
inflammatory response. CTRP9 blocks the NF-kB and TGF-B1/Smad2/3 pathways by inhibiting THBS1. miR-146a targets TLR3 and TRAF6 to
inhibit NF-kB. miR-16 and miR-27 can both inhibit NF-kB. miR-217 and miR-543 can both target SIRT1, inhibit NF-kB, and activate AMPK,

MDA and SOD. STAT3 inhibits NF-kB. NF-kB promotes the expression of TNF-a, 1L-1f, IL-6 and IL-17 to promote the inflammatory response.

Figure 2 Molecular mechanism of inflammatory response in cardiomyocytes centered on NF-kB signaling( Drawn by Figdraw )

Aifrh R EFAE T YANG VB R
SMERR /N BB A AL Dpep2 AT NE CVB3 &L )5
MO WA AE N, IF H, 5 % B 25 AH Lt Dpep2 fift 2%
INERR O LA p-NF-kB p65, I KK, I kB 23
Wl , $27R Dpep2 I JE T NF-«B {5538 B il
I 240 2 i SN

JiE CD** T(Th) 4R 736 5 H 7 VMC B9 &
I R o e (SIS I [ e 7 o
( cholinergic anti-inflammatory pathway , CAP) ] Ji #%
RAE N, A7 30024 T 2 VIBE AR (truncal vagotomy,
Vag) W3 i 6] CAP Jingl 5 hE J g 7 ik —2
WL, VMC /)N BRUHEA T4 B0 56 i 22 DI KT AR i
PEF5 Th 404346 (3950 Th1/Th17 4008 &5 AR
Th2/Treg #HHL 7 Lb) , ARSSEE R T o7 B8 £ R

ik 5% & ( alpha7 nicotinic acetylcholine receptor,

a7nAChR) 45 HL 77 MLA {8 Vag 1 £5 2 A [F] 45
SRS PR P AL B0 IE RS | 2K E A ZE BHLIKT ( Vag
B¢ MLA) AT 4l VMC qRZE N Janus 3B 2 (janus
kinase 2, JAK2) il STAT3 ) # i 1k JF 34 58 NF-xB
p65 Ml I kB MBI AL, SR F a7nAChR 33 77 Pnu
282987 KbEE R[4 RN, Hirp JAK-STAT {5 %5
TEANRIE 58 4046 3T B8 RUA T b 0 QAR D,
NF-«B 555 T 42 1 5 52 40 1 b B 4 1 PR 7 1)
Y R, R GE M2 E T CAP T4 Th 443
FEAE I VMC Akt B BT 2 AR T, JLEARLE 5
T JAK2-STAT3 FIi] NF-wB i %A ¢,

FEER rh M 20 B T 45 CVB3 g 25 &2 i, X 4
22 VMC i i i 2] S e B WA . R, ik
LA B AL AT ey A1 R S ML A AR M A 155 4
(neutrophil extracellular traps , NETs) , Jill .0 JJLZH 21
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PAEE . 4 & -37 (interleukin-37 protein , IL-
37) 52 IL-1 IG5, PTAE Ay e i e i v i) R AR f
PRl AN ST IL-37 FER IR R IK 76 RAE IR
AT HFBE LA IR R R T B
K, IL-37 5 NF-B #1415 ( BAY11-7082 ) 2 AJ Jik
/b NETs (T L, 22 VMC I RGeS0, 9 L IL-
37 0 T NF-kB/ 1 «Bo 2 (AT 1k, X MR 11-37
A LT NF-kB 5 3@ ] NETs B
AUEHE R Y], miR-93 BA € 1M 48 A= i 5 1 i
DAL R A 6L P % AR T O U A0t A N R 4 i
( cardiac microvascular endothelial cells, CMECs) 7E(»
FEEA LA AE BB SCBREVE 2R 1% NF-kB {55 Al 410
il CMECs ¥4 1=, Zr W AU B 85 A 1 ( secreted
phosphoprotein 1, SPP1) f& miR-93 #! & X, I+ 3
miR-93 A {7 f& Ik SPP1., il % P9 B2 4 K A 7
(vascular endothelial growth factor, VEGFA) & H /&
mRNA ik, [ B 7] R NF-«B 3l #% AH G 1, JOf
W/ S R T4 e fl e R R, miR-93 2 B
L m) SPP1 #l ] NF-kB {5538 #% , il 4% CMECs &1k

BiFE WK 3,

Z5 b NF-«B {5538 % 7E VMC 19 & B g4l
JL MELTh 20 rheP R 40 i K i A5 PN B2 200 B Y A G
RAER N, W4 VMC 5 B
2.3 NF-<B 55 50M4MET

AN AR TS — il LS RE /AT S R AE 1Y O
TYEAAE T )73, T S N 5 R S Hh R
HEAEH, I VMC DL MEIE T F B BB Z
SR Sl I AP I S AN S i e
(Caspases ) -1 W 1Y) 2 MRk AR 5 Caspases-4 .5 .11
WO AR S MR AR | O B 1 5 S0 /A B9 380 2%
TIAH 3G, NOD 32 (R I I 45 M A SC HE 3
( NOD-like receptor pyrin domain-containing protein 3 ,
NLRP3)J& H Hi #F 52 i 78 70 19 R AE /MK, WANG
S RARGE  NLRP3 S/ MAS 5T CVB3 ki
P AN AR T T AR T I BB A I AR VMC /MR
MO ILIIER F st O RE

PR AN ANIR A T1-37 4938 30 552 AT 3 1o 40 ) 46
REAT IR 7= A A RRE R e e AL . IL-37

L VMC FGBRZS T, 2K 2T AR AT 45 Th 400346 (341 Th1/Th17 4000 982> Th2/ Treg 4L ) , B43H NF-kB, 12 HE A AE 20 5 76 P ik
RN P, TL-37 i 5 BHLIE NF-kB #1] NETs JE i ; 76 CMECs H, miR-93 8l [i] SPP1 #1 ] NF-kB, Jf 5% CMECs 48 Pt ; 76 E 40 i b,

Dpep2 Al ] NF-xB 155,

3 DL NF-xB 155 Ao A9 LA 98 55 S 43 F-HLa (B Figdraw 2271)

Note. In the pathological state of VMC, vagotomy can regulate the differentiation of Th cells (increase Th1/Th17 cells and decrease Th2/Treg cells) ,

activate NF-kB, and promote the inflammatory response. In neutrophils, 1L-37 inhibits the formation of NETs by blocking NF-kB. In CMECs, miR-

93 negatively targets SPP1 to inhibit NF-kB and alleviate inflammatory damage of CMECs. In macrophages, Dpep2 can inhibit the NF-kB signal.

Figure 3 Molecular mechanism of inflammatory response in non-cardiomyocytes centered on NF-kB signaling( Drawn by Figdraw)
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AL Uk 55 VMC O LZH 21 NLRP3 R E /) &
(NLRP3 ,ASC ,Caspase-1) F3G S B2 T30 2 (M
% D (Gsdmd protein, GSDMD) ) [ 94 , I n] i /b
NF-kB {55 i 4k, i — 20158 1L-37 5 IL-1R8 1Y
FEAE, it 2 e TR RO LA 2L
ek 20 IR AR R 4 T L, CVB3 R Y
BALB/c /NEUFT HL-1 2> L4 /% 52 55 i 75, MG53
@ [ kBa 5 NF-xB p65 B 2 1k BH K7
NF-kB {5538 # , #5117 77 )8 25 NLRP3 95 /MA , B
ZGRENEE VMC OV AT, e R S B AR
T

i b AT 4%  NF-kB {55 # %2 51875 VMC e
WA EET, WLIE 4,
2.4 NF-xB ES@EESESERR

B k0L T KKB 1/ BUE AL (KA /)
BRL) Oy EERE B I 4 ok AR 0 D RE R A (R 1% DCM

), TR, TEEAY T KKB/NF-«B i o] i iR 1k
T 55 2 R JE Y 1 (insulin receptor substrate,
IRS1) , AT 35 R &5 3R A5 5 5 R BN I 35 i ik
5 Z T (insulin resistance, IR) 7 BRI & & (5
SRy B R T W R R R S K ) B F IR
( phosphoethanolamine methyltransferase , PETN ) =
AR KA /R BB 2P DCM RS, $27R
I KKB/NF-xB {5 Sl &N RS R G5 2HhS
RMEOIREREAT A VIAHSC
2.5 NF-«B 55 5% ks 2R

HARIGE VMC 2 15 A7 1 AR B Ay el e,
VMC B Ko/ BB AL 9.0 WL Sk A7 5 S 4 27 51
DIVE WA UES R TR N S RSV RN d R T N
R VMC B0 BEAL T REREDLERE™ L R
SEAHLH] I S, VMC B BE AR gt 9 2 8 nT B
NF-kB {553 6 A0S A Ak Wy 1A 30 5E 2 1K y

T AE VMC LIRS T, MGS3 #1k] NF-«kB , T 11445 NLRP3/ Caspase-1/GSDMD 38 [ , 101 41 £ 7, 45 T 5 458 Sz 7 7] AH E A 33

NF-kB BERR AL E] IRS1, #0135 8 5% 255, S BUMR S Z 40 ; PETN vl 42 #F R &5 Z AT ; NF-xB ] PGC-1o/PPAR« 8

SRR

B ROS (1 REURHE Nef2 M Nrf2/ Keapl &G R FEA#IG AL, S 08 NF-xB 15 5 ; NF-kB {555 E A0 R 305 0 Rl AH B AR #F ; NF-kB {5

A fERE pro-1L-18  pro-IL-1B F (b4 1L-18 IL-18 , ¥ K AAE LI

4 NF-«B {55 5T GERUMSE JBR RARPUM AL N ( Figdraw 227H])
Note. In the pathological state of VMC, MGS53 inhibits NF-kB and thereby negatively regulates the NLRP3/Caspase-1/GSDMD pathway,

inhibiting pyroptosis, pyroptosis and inflammatory response can mutually promote each other. Phosphorylation of NF-kB inhibits IRS1, impairs

the insulin signal, and leads to insulin resistance. PETN can promote insulin resistance. NF-kB inhibits the PGC-la/PPARa pathway and

affects energy metabolism. Accumulation of ROS promotes the degradation and activation of Nrf2 from the Nif2/Keap1 complex, thereby inhibiting

the NF-kB signal. NF-kB signal and oxidative stress response can mutually promote each other. NF-kB signal can promote the conversion of pro-

IL-18 and pro-IL-1PB to IL-18 and IL-1B, expanding the inflammatory response.

Figure 4 NF-«B signaling and pyroptosis, energy metabolism, insulin resistance and oxidative stress( Drawn by Figdraw)
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WOWOE ¥ ( peroxisome-proliferator-activated
receptor-gamma coactivator-1, PGC-1) 1% 52 R R 45 1)
A
2.6 NF-«B ESi@EBESRUH

VMC R 3774 K i ROS | 48 B 2 - St
LS, ROS J2& A BEHR SR (2800 ), AL AT A 52 7
R, '—?ﬁafbﬁfh#ﬁﬁﬁﬁ% [, AL R 5
AR T3 5 2H U R R AE . PRk, 22 9 Ak
I RN AT RE SR 5 3 VMC O Ik 5 B8 A BL R 2 —
AR FA N BN N RO WLR A A B RIR 7 #E A
Z— [BPUEAIR T O LR B UEE # AN FESr . R
BT EATRYT R I A AR ] ROS 1977 AR IS S
PERESE . ROS 2l 2L 1A I W 6% S 1 . NADPH
SAALRE PR A B NS AL A R AR A B
38 ,NF-kB 5% K5 E2 #H5HF 2 (nuclear factor
erythroid 2-related factor 2,Nrf2) Kelch ¥ ECH S&HK
#HH 1(Kelch-like ECH-associated protein 1, Keapl)
LAF SR BANT T VMC R AR B N

3 BEERE

25 L iR NF-kB {55 % =245 VMC i
SAE RN, FEAE O LA A b 9 361 5 9800 iR 1 2R
ZA~ IncRNAs . miRNAs FIKE 5T A8 2 5%
NF-kB {57 53 F 0 “ WOG F2 B . [FIEE, NF-xB 55
W EALTTFE VMC RS TS E 0 9 Th 4006 |
w4 | I P R 200 S O BT B ) A O 5
JESN , FH, NF-kB {5 538 A o] % vMC H 1y
AT e A R R S AL

NF-kB 15538 #%3 FHL ESR , HAE VMC iy
PR IR 58 22 W0 . NF-kB 15 530 #% 5k B2 Vs
P13 ™ T O LR 3 T NF-kB {5538 5 B 11
il T BEASF e 5 (03 Bk, H. NF-xB {553 4% 7T fig
A MDA E T H L, DUF 3 sk
VFRARMIE R E S NE . (1) K5 NF kB 15 5 i
B T I PSP AL, A R R SR AR A3 R
I B 0 [ Aot ki e O LA 355 (2) AR B %Lwrj{%t” “Pi
PR < JATT AR AR S 07 R ST NF-wB {5 53 i
EGHAEZMOIAAER; (3) RAE &% £
FER TSR T R B ) 25 0 1) 5 0 R 1) st A% 2R
RF-BARLE A, i A5 B8 2R g R e

AN AR S R 2 B IO o, VDR
Ragvb I 7 AR de g £ AR AT a2k
AR Wy ERETILKAREEE TR E

(epigallocatechin gallate ,EGCG) L e 5 (R BT
FURL ) R A Uy (SIS TS R
LA™ ZER™) HL YA TE VMC Hm il

NF-«B 155, WU RIE RN, ﬁl& THIRA LS
AL | Bl ELAg T K TS I I R TA T R 5
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[ Abstract ] Mink are small, fur-bearing mammals with significant economic value. They have also recently
demonstrated immense potential as novel experimental animal models owing to their unique biological characteristics and
similarities with humans in terms of their respiratory systems, immune responses, and other characteristics. This article
comprehensively reviews applied research on the use of mink as an experimental animal model, encompassing their use as
animal models for influenza virus infection, COVID-19, animal behavior, canine distemper, vomiting, enzyme digestion,
testicular degeneration, and self-injurious behavior. The importance of animal welfare is also emphasized, and the broad
prospects for the use of mink as an experimental animal model in scientific research are proposed, offering valuable insights
and a reference for the extensive application of mink as a novel experimental animal model in the future.
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Wr J3 401 < 19 20 A R0 B 5 IR S e BB
AEE L EEE AE R
(L I THBEZRY LA 1108472, L THHAFITHRAEY ¥ H AL, LH  110847)

[#ZE] WK (hearing loss, HL) YEBOW R R & F¢ A WPLE] v A BB 50, 7T LA S BURE T IIET,
J R SR SR R R A A BT, R T S AP ER R W R A AL I S R T B TSR AT RR A A
AN 5 B0 1) S R T A BN . A S B SR T 10 2 TR A, 0 2 F R TR AT R R B 3R (AL
REER D-FFUbE DRI -RARE B B R LA KA A0 M 5 45 s i Py o A 5 MR | SOUME 1 S A b
FR) BRI PR R N ER A AN BRI O R S AR RS B 2 AR SO R IT g A i A T vk
PEBR AT R BE IEA TR | A ER BN S S IR ABIFFE T ) 8 R A5 7 s A St A 3

[R§RE] Wik, sy s X
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Research status and future prospects of animal models of hearing loss

LIU Zexuan', WANG Xinle', ZHENG Qu'** | DAI Jianyu'**

(1. Liaoning University of Traditonal Chinese Medicine, Shenyang 110847, China; 2. Key Laboratory of Acupuncture
and Moxibustion Biology in Liaoning Provincial Department of Education, Shenyang 110847, China)
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[ Abstract] Hearing loss is a disease with complex pathogenic factors and unclear pathogenesis, which can seriously
affect patient health and quality of life. There is thus a need for an animal model that can simulate human hearing loss, to
allow research into the pathogenesis of hearing loss and provide a basis for its treatment. Existing classical modeling method
involve drug injection, including intraperitoneal injection of cisplatin, gentamicin, mitochondrial toxin, D-galactose,
furosemide and kanamycin, and neomycin, and congenital cytomegalovirus infection. Physical modeling method include
noise, cervical spinal injection of sclerosing agent, ischemia reperfusion, and vasopressin injection. Other novel modeling
method also exist, such as genetic modification. In this article, we review the advantages and disadvantages of the above
modeling method, with the aim of providing a basis for further research on the modeling method of hearing loss.

[ Keywords] hearing loss; animal model; modeling method
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YR 1 AT 7 AN [ B B W g 4 % Wi i R AN
SN R E I RE ) R S R R
W 23 AR - A T IS5 A7 B g =6 4 i 1)
TRANAE , A A% TR IR T B AT TR 1 & B B RIREF
HEoE M AR X S 2 A £ P A FE Ep X
FPIZ SIS T B AN, 6 40 P 5 2 ik ) ik
] fF T R 22 Te KRR T BN TR | Sk
WAL B, A RELE NS BUN 2 44 1 75 5 U - W 1o
B N R LR R AL R R
TUMEES Y e R R g L s
Pass , Hos DU R 52 A%, L AN WA, 3 A B
FHIEWT 3451 0 BB A BIF 58 A IR, A ABA T g 48 G A 7Y
R TR X BE 5, AN BB 6 4 Y 1 AR AU I IR R84 1)
SR A i AR | DR I W g 468 2 Bl M A ) At <7 %
PRI S35 2 0 S AL R B 36 7 s A R
S, FETH DLA T 0 R R T S A 4 Rk
(1) LA PR K% £ ( gentamicin, GM ) , T4 ( cisplatin,
CDDP ) %5 H- 73 1% 245 ) S AR 3R 1Y 25 ) P W g 45 2k 5
(2) W7 B AT O A ) R 3R S U T R
(3) PR B AR RN Tyt 2% 5 (4) BN
RS AW AR IR 7 X BN T T3k . A SR LA
W AR S AR B AT SR A S A AR T
PRSP S

1 2l ik EE

S 1EWT 7 408 2% SR d 400 0 1 R 2 i PR ]
YN ENE T PR KIRER AR B
ALY RE S B M PE T R Xk
V¥4 ] e AR PN B ROOE P R AS | PN - R 0 i AR
BT e 24 T B0 A T 7 38 1) AV A 4™ i %) Wy g 4
&Ko Y] G4 Fhak AR kA P I AE P K s ]
5 B8, DT i 9 B A T 98 a2 4 D) e Y H- 0 B 2
F 385 B R 2 OBUA B B S AT P 0 R AT 3 T
R,

1.1 5 GM BT HiRKEE

GM J&—Fh i B py = S 25 AR 5 TR
7 2 TG M 2 T R e 2 R 2z —,
SR ) GM. 5 | ke ) B M — 1™ S A f e [1)
A, N E R RN T 1, G HE b 20k
A0 AR A, T R R Y B R — R
IV &2 SR e i TSN R O ot i 2 UE D DN 3
B E RS DRI T ST — A B BB B
YBRHTIE5E CM M E M ARt . 18 1

TEST & OM R L 30, YU S50 8 13
A KM /N H AT IS5 GM 100 me/kg, i
2210 d J&, i 858 i, I3 5 0T 5 R (auditory
brainstem response, ABR) M 60 dB T[T 10 dB
FIAT M e 0 PEAE GM 37 SR WT 38825 X6 0T 5 B 0 B
AARECR AR, R T S M T AR X AR
B w e, WL B Tz, BANAKIS
HARTL %5 ¥ & T — Fl Jp 48 201l B 22 ( single-
sided deafness,SSD) ZhHIBERL i WA 3 &t 7
5 ANEH Y, B2 K, 5 TFAR, B 2, g
fi {7 P - 1R B i) 17K ST 22 $2 3% W 7 483 2 455 26 3
1EXF 6 HBAEMEM IR A AT 4 BRI A T LN T
TR M T ( ketaved ) , 30 mg/kg FlEh iR HI 2K 158 1
(tranquived ) ,5 mg/kg, [RIFSHEATRM R 1R T DL e+ 2
SRR, Hoh 4 Rz il & F R, H
1.0 mL GM (40 mg/mL) [+ B i 19 7 5 — v, e
A2 TR, FERTE GM A RS 24 h o4 [R 1155
% ABR JLF-5E 40k, XA & B (E AR 5 A28, IF
H B EERR T WK 1 7A B9 (0 R R
ZEIRTT O HA BN M 25 A0 1E A T R SR
W 3 B A A A AR Kk 5 d A E A R AR TH S Fa
FER, A B AR, $E R 1A 8 D), HARYUNA
EA SN S SORER X s S N ORER L B
FRLF 40 8 T 4 D, R OB R R R R, MR 150 ~
250 g, 0.03 ~ 0.05 mL & H ,GM & JEF 4 40 mg/
mL, B HFIE A 0. 1 mL, 76 B 508E A9 5 B T 1 41 2
R ERART_E SRR Il P A o o S 17 1R 7 % il
& W dUTP J5 £ Y] B K % A5 92 ( terminal
deoxynucleotidyl transferase mediated dUTP nick-end
labeling , TUNEL ) il 7 125 1] £ H- ) 0] % B £ 24 200
HH R T 5 BOR ) W s B 5 1y, R 00 R o T
AN PR T HR BT 2B 30 SR iR ALE . It
D ELA R ) A AR A IS ) i, oA HE K
BUFET ™, {HAG IR AU
1.2 5 CDDP FSE T ARk iER

CDDP Jj&—Fp iz Myt 259, Btk
J& CDDP W EZERIVEM ., 88 T #t, 764832 CDDP iR
JPRYBR T, Rk 80% 1 R E 4 I BLT ik,
CDDP £ 73 51 5 BURFE P HAR 5 8 9 B 1 7 440 it i
e, R P ECB AN A SET S, CDDP 5l A B35tk
S 30O L AN IR E = A7 AN R R B T 4
AU EAMGRI AR FHANEE O R SD AR, I A
ANBR, 5 3 HBEAT525 . CDDP 1 A MK A 14 d
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TFIRESE 7 d BRI EST CDDP (3 mg/kg) , MB Bk
ST ) & 5640 X R R i 2k 7 d I T S AR
A FREL K (0.3 mL/100 g ), MAh, 57 CDDP
24 R B, 22 7 d S5 CDDP
(3 mg/kg) o A 3 HOK AR WT = HBCH- B 17 f
PEDOEY A EL @i ABR 3K CDDP 1 414 60
~ 80 dB,CDDP 2 41/ 40 ~ 60 dB 5%} 84 20 dB
(TS (E AT B d 22 S 4 i B R ), O H S %8 9ok
Yeta W22 2 CDDP 41 H- i A B 40 i K B Bk,
CDDP 155 1y H- 2B RISE | i A () 7, RS A
T B34 R T AN [) ] % A9 R B 2 P SRR B AN [
BAB WA E, (H I K CDDP 1yl ] 2
Sz Z g 2, sh PR BB 58 4 IO 0 Il
PR CDDP 252577 %8, B 17 X6 W oy e 1) £ 309 A
TR RN e A B M 3R 97 3R B9 3F 4l . FERNANDEZ
AR T —Fp i ik CDDP B /) BRURE L ) 3
Y077k, P 35 HUSAE CBA/Ca) M B3ME 14 /1N B
(17.9 ~ 31.3 o) #ATH DML B0, /)N BB B
BLoT %t BREE AT CDDP 697 40, B 2 PR M5 P A
£ 35 Ry, 23 HHF 00 & 0 Lot , 7681%
WFFE bl PR A E o 24, 8 + 3.5 g(JuR17.9 ~
31.3 o) W/NEESE 3 M3 42 d $:52 2.5.3.0
F13.5 mg/kg (1) CDDP (1 mg/mL) i i3 5, 73 %
2L 4 d, B2 10 d BRI K AT I3, T
A CDDP &Yy /ANRAEE R R F S 1 mL 0.9%
NaCl, 5K R4 FESH 1 mL AE3#EE7K . CDDP 4
SPLA I M IX (> 32 kHZ) ABR 1l & THis B
CDDP 897 (19 /N BUHR 7 Y W A8 7= ) B k5
(distortion product otoacoustic emission, DPOAE) YRR
1 FEREL DPOAE 26 W B 7R i LYy, %07 1
FIFH 2 J5 191 45 24 J7 58 RE o 4 s A 01 DR R 22 3] 119
Wy J e JERURN R B FLAE T R AAR, M I PR 5%
CDDP 5| 3& 1 Wr Jy 458 2 HLI DL Ko IF e DR e 42 52
CDDP Y7 e B W S BT i i 7 vk
1.3 E5 D-¥ZL#E ( D-galactose, D-gal ) iF S E 3T
ket

D-gal 2B AR N —Fh-8 58 1) A8 97, D-gal
NI =R (s bl = B S VR 3
FIF R, i A= B, 8 0] DL v al A1 21 40 i Y
P ZUBHBEHE R S E H B3 TR, T S0 R i 2
REREAT, A KAl A BT &I D-gal A FEAIL
S L BELRE T, 0 20 S AR T R 2 LA
W IESIRNZ AT R AR T b

HHRAET) e R R S B R A TG M R X H A
25l I 30 24 I IKEL (1A 230 ~ 400 g),
BEAIL 53 Jy %t FRAH  D-gal BERYZH (FARAEAIZ ) | D-gal
B + H BT (TRIPREATAL) B4 10 2,18 A IR IK
L 10 H (/R 500 ~ 700 g) fE N BAEH, BRI K
AR A K BOAT S A R R 9 Degal
300 mg/ (kg-d) , X HRLL T DAvE G S5 A R K, A
KK, i#ESE 6 J8, AKX U SE , AMEATA
AP AR RS I K B ABR {1, BE U2 5 AR A
) ABR 3 {5k 2 T i oA 2o AR )y, L A AL 2 Sy
(74.5 +5.59)dB, Z4FH K (76.5 + 7.8)dB, D-
gal BEEMAE H AT B )2 M —Fh A T 24k
A B A W] e AR E SO0 A, (B X
o3 455 07 X 55, A 2 A5 2B [ ) 4000 40 X 4%
K, 20 6 JH VL b, KREH T & E 8 ) g
S NRFFER, ERERE TG ANEAEKR
FZEE TR P I, 5 47 38 4 G A g B 2%
HAEA RN,
1.4 E5F#E X (kanamycin, Kana) BEX & K E
% ( furosemide , FSM ) Z 37 It 73R i HY

Kana S22 R, vl LIS /N BUE- i3
SR B AT, FSM & —FhA R 7, 318 B A9 1l
FHRTLAIR YT 45 i g 5 B0 K R tR 24 4 F 5
LY FSM [R] A FC A bR S K 1 5 25 5 | e R 1 1
Hg sl Wy i J R, A WF5EHiE Kana B64& FSM
M2 B #E Y . BAKO 45100 65 H BFA
EREAWKR (n = 40;BFA bunt;310 ~ 560 g) 434 3 4
INA, R 2 AN S 20 4y L T S R R 2SR e
0. 025 mg/kg, KM 0. 2 mg/ kg, FIERIRSEFEIK E
1 mg/ kg, 20K 38 2 BN B 5 A BE ST I KO, —
HR & 25 4 2 (A RR  20  J5C E5 E [BR) 6 B S v, #E T )
AR 5 ) Kana BE4S FSM ¥ 7 (200 mg/mL A R
Kana F1 50 mg/mL FSM %) 43 B4 7 (160 ~ 220
L) KA 1 A2 b, AR5 BUH W, RS 75 vp vk
HE S R AT FAT A 50, R 05 WA 5 KO0, I %t
Hom B kY0 0 8047 Bz 9P A, X R 2 R AT ] Ak
L, 7EARIGH 5 14 F1 26 JARY AR BRI AL SE 514 1
JEJGHEAT AL B4 B, 3l 3 W 4 2 A S fE
H1, {37 ( compound action potentials, CAPs) S . & 1L By
AR EET AR R ER AT A 2 R 31 ~ 79 dB,
T e AR A B B T T B e A R R IS
AT L7 BRI 5] 1 i B Al B K CAPs i B 1954k
FELLJE I H A CAPs T b R & a2y, itk
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BEA AT LA 175 5 6 40 M 7 A= 1 1 P R 32 5% il 48
BIRH T, I B —F o] il &
PRSI PR A | Bph i ] Kana 75 228 & 45 25 4 fig
SR APENT F1 R, 5 IR R DR 25 W B A 45 2]
DARGSR LR | sy H 25 ] DAYs 4% B 35 M 04 g
ST B R  (HR ST R A R
B A5 BIAE F Al 23 Bl 2 2 4 RN 288 2R % A DR 51
()4 BP IR 25 2T 1S 0 B -5 M AH DG 92 AT g
FZER T
1.5 E5#FE = (neomycin,Neo) FFE LT /157
e kil

Neo BZ BT RPUER, AR E) ZHTH
PR T L 2 5% 1 B AR T I 2R B A
REFRI T E AT B R R S A A
WETF28hTE F A L, Neo 16 4 BRI Py A9 WT 77 451 2%
RAEFT P CUTRL %26 Neo % 77 W (500
L, 50 1 100 mg/ml.) BAUR A2 B 5 faf v S 810 8 A
CBA/Ca) Bz /N Bk b 0 B 56 1 5 5 19
HJEU) 0 258 5 2 A48 0 H i O, 3647 8 A
S, F Neo(10 : 1 IRE 2. 5% P&t (o yek}) A &
TEVRIN 2K 2 0 4 R ER B S AL WA (1.5 mm AR
(OD) x 0.86 mm A2 (ID)) H) , B FE b [a] | i i
BT R B I T BT R, 4T 4 J8 S 34T ABR
W F3IR 75 245 5 LA s 0 T8 20 R B, 7 00K
8.16.24 F132 kHz T, L F-FI T FERFE]H 0.5 ms,
SRR R 5 ms, H SR T BIE, ARG LA S ~
10 dB Ay HE3E N, ELH)IKF] 100 dB 7 4K (sound
pressure level, SPL) 195z K fi it . Neo ZH 1Y) ABR -
PIE(E B S 7R G — D AWM A % (8 ~ 32
kHz ) 4B E 140, H4{EAE 80 ~ 100 dB, 7R 1 455 A%
1, 5)REm 4 B S SE0E ISR S A b iy ik
I FE AN R LR B 1 Neo $E4E T T Fafd HL
PR 1 LAY ek /D R A TR A 4 2 R B IR E
I AR A B B4, i 2 P R A W Bk
i (R s B B, L Neo 9II R R FHR 48 5, A KB
FEMA . AR AR v] DL 58 W 58 A 2 vy HE
EinLpiiob-A 0N
1.6 E§F 5% XM E 4% 5 ( cytomegalovirus,
CMV) BRESLIT HiRKIEE

CMV J&RG 5 A= LT b i s 2L R A, Hos |
A (4 B P 2 T 7 468 2 2 A T PR 1Y, (L 7E HE i K
S W AR R T I A s AR R 3 A AL AT
ANERE IR CMV BB Az L BT J7 451 % S5 S ol

Ze R RS AR R, T L2 . CARRARO
S BIPE W 545 3 R I BALB/ ¢ /N LI K i i )2
FERD mCMV, 1] 47 i 2 BR 3 8 2wl mCMV, 5 &
2000 pfu( BFEHIE RN ) o K5/ REEAT R, SR 5
¥ 30 G BTSN 2R Al AR TR B2 2 X RN
BRI mCMV , 7E 6 J&IH# ] ABR 1 DPOAE I
HORWEIE I ThfE, 76 8 JE WS Il FH o088 1ol 54 i
FAST B0 1l R S AT A SR PR, CMV R
J5 EEA T RE B A AE 6 J8 KT B i /9 ABR B
THE , EMH 60 ~ 80 dB, DPOAE HR IR, -2 {H
60 ~ 80 dB #&/RIEB Y], CMV Y7 T/ N H-
FRAS R T BT AR L 8 IR J5 I AT R
PEUT 8 AR Ry L, T LA i 48 Bt ) st
SERAE T H A A&, BT SE R, CMV g B
U A 5 e A v e, LR R T RN IR I AN T
SYRBORIRIFEE T J7 46455 . LAZARINT 55 B 5%
CMV BT 7 A5 M0 , 308 e oI B IR e A1) 4 /)
FL(E13) PEAT/NEL CMV (175 IR 33 Rh | 78 4R
Wi, CMV K Y it %, 8 0t B A e R R
(polymerase chain reaction, PCR) 7Efr 5 W3 #7 4=/
R MERFEA T4 CMV R B9 FEAE ., i T HErE
INERAOREA RN, G R B GE T4 #T r 5 1 i
VPt FURFF 5T IR /N BRI WT 58, 76 AR S 4 R 16 d
) 8 H CMV Btk /NI BEFLE £ Y 8 H CTL b
AN ABR DU PEAR T 7, 76 4 d B A DL I B 2%
5,16 d B Y(E 0 2 T =ik 80 dB AR RR A G g
TIPS AN ], L8 B4 AN M ], ml DL F Rk
JERYL CMV JE ST A LA IR T, B ph 28 8 e it
SER RS TR L,

2 YEMEEEFRE

2.1 #E 3h Bk B! 30 #E 5 ( cervial spondylosis of
vertebral artery type, CSA ) BIF Wi KRR —&E
gt

CSA J& T Sk IR 17 M 5 A2 T BOHE 38 1S 30 ik
B A R I R ZR G AE I R 3R 90 L3P I 2
ESIEE Y ED =S S I N I AL i i I T
WX I 200 ol S0 , B R S — R AR
R 2R Bt o AT G o A R R
I e AR, AR BEE AT A TE T R
FRZE TAE N BL L () B 5, H R R84 T
I TARRA, 29 b7 SUHERT 1 209> J 3457
K SHE AL RN LT B CSA HE M T 805 & 1



Fp [ S2E SR 2024 4F 11 A5 32 55 111 Acta Lab Anim Sci Sin, November 2024, Vol. 32, No. 11 1467

PSRRI R R A 10 mL TR
P2 R H 4 (2.62 + 0.30) kg SFHE R 58 55 441
LU TERE 2 ~ 6 HIMERIZE ,IRE 1 ~ 1.5 em, —
Jal—W, 8 3 ], SERET MO RS AT & 20
#] (transcranial doppler, TCD) Kl , 5% 5 BE AL 58 HUR
AR AT o BRAH SUR I | 200 2 A5 44 B0 ok S i 3 ik
13132 38 B (vmean , V) T B, #E 3 Jik BHL 7 48 %%
(resistance index, RI) . Il J # 3 45 X ( perfusion
index , PT) 38, 3 55 DX 3 30050 20 2L B0 32 IR Ak
R ZEgs  WUE R SR 2, T S Rl A 590 1 = 14 3l )
ARS8 M CSA Ilh PR AR HLEE, HoO7 ¥ T8 %%
2 AR S R E, B R 5 AR SR
—E 25, WIUNEE /N, S5, B 3 A 5 461 Fe 4%
7, ARESE AR CSA SR AT Sy it KA,
HABAMUE T CSA FEINIT 1k
2.2 BEHFESHITAHRAEE

Mg DA Ay R R P M T D R Y 2
K, HEaE , K2 16% W 345 26 1 PR T 2L 7% 5%
FERWEE h, RUIBRER L 80 dB MR /K T
SHETINAT AR (RG2S SR A R 1 R
FRELIF[A] (0 M | 6 40 B AT B8 23 1™ E AR, (B A
A RIS ) V50 A B A RS, DR ot e vy — >
(1 e Pk R R AR - g b B XU AR g
CS7BL/6 /NRL(8 ~ 12 %, 22 ~ 30 o) i & AEEA
DU AR B 0] 0 22 ) 2 8 FE P, OF HL/N BB 8 7 fR
] NEL Bl 98 F 8L & 7F B Industrial Acoustics 2
AT MAC-1 B & &b, B 2 R Be Rk
D R BB Mk /0 B St /0 B 2% 8 T PO AR (2
~ 4 kHz) 2y 100 dB SPL (7 Jk4k) [ FH e v | I
PR ERRFEE 6 h/d, S 3 d SR A MK ABR W )
{1, ZER AR 7 5 4% T ABR BIHIEH 19 (10 ~ 50
dB SPL) M #5441 /I8 B B HH T 34 2% (70 ~ 90
dB SPL) Rt sy, BeAh, LIU %65 & B/ U
I ] BE 3% 2 48 14 26 ( recombinant connexin 26,
Cx26) SR HR I T H g % v B Py A7 7 7™
A S EAP B AN AL B 8 I prestin AMEPE F M,
ATITHG 0 3= 50 - g 73 R R W g SRR 32 3 H i
R A SE AL I 7 % M i U R T H
MR AT RE 2 S B0 Cx26™7 /N BRUK PR T 130 46 i
B SEOT ik, HFSE R, Cx26 Btk e & %
IR Z FA A B IR X W S B 450, I i ik
ARE S EOUT Fy 0 B AR, BTN AR A
Wistar K FECET/NEN (30 cm X 30 em X 100 cm) ,

B2 N RAREMR(1.OmXx0.5mx 1.0m) ,F
FH 81150A Jik v ok £5 AT 25 W 75 R A6 % 7 W i At
3 kHz, 7558 116 dB F RS, KRB WEN A
A5 £ 2 dB, B R 2R 8 h, LR 7 d, G
FI MG EE HE R4 2K B ABR W 7 BI{E, Mt
BB R R H R AT R W L )T
FEAET Tl Gk K At A 191 32 W 75 40 1 TAF 26
Bi M B T 4k BR BOR AT i L [ )
YIRS AN B A2 AL 1, 2 88 T AH [R] 251
S =t L N NG U I - N 1 R S R 7N
RSB HER XD,
2.3 ROBETHEHKER

A g B ) SD K ERL(300 ~ 350 g) AT
JPRIRAL I, JRRIRE S A2 BRI IE U0 11, I3 B 4%
SRR T 2 5R B B bk SOH A S HES K, JF
A3 B — 250 s Ik, K 7 UM A 3 Jbk , sk s bk e
JePABUE B 1 b, A B 1 b J5 FATF B ik
e, P AR T WL ER 2 251 B ik I i 2 I B
PR JG TS A R ), 28 G501 1 & A KR
BT FARERG 24 h HARGZHT SR 7 d J5453 5
MY 5 ABR B4, A1 1 D5 B2 B 85 dB SPL
FFUf 4% 5 dB SPL B A4 8], T 15 i H T L ABR 1Y
T3 B RAH R A M, s S B R ), P Bt i P
TP AL oy AL C 2 R 2, B
HURIWIBA I 2, T T 58 P AR08 B0 e - B0
Wy 34k, HLAT AR i T M0 5 B 98 & P )
P AR SRR Ry il ARG T S S B W 3 4 2k
PRAtRIAY (0 TR K, BRVER e T R
PRI S N7 — TR B 38 T 3 A AT e i —
I D
2.4 FERBERKSHUT HHRE—KRER

JIEE K i A K 2 Mg JE #2995 ( meniere disease, MD)
B BLRVERIE , MD 32 2236 800 BEng i 2 | i 8 A
WT F3 8k, 7 E R A B R B At 2R T Y WANG
0T 18 HAdERE A 2T IR KRR (36 HE) , AR EE 200
~ 350 g, BEMLAY My 3 41, SR GBS R R 20k &R
( desmopressin acetate, DDAVP ) #1715 A%, Xf BB 2H
TESE T d JE TR S B A B ER K (5 H A 4 A
FUAI A ) ; DDAVP-7 d 4, & 2E 7 d & s 7 5
10 mg/ (mL-kg) B2 25 20N % ; DDAVP-14d 41
JEEST 10 mg/ (mL-kg) DDAVP jE%E 14 d, Wik
BE A SERTA Sh, WA BRI AL 2, 4 513 3k 5 A
SE-R A W 5 [ W (reverse transcription polymerase
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chain reaction, RT-PCR ) FIZE [ J5i E[J 375 A5 0 ( Western
Blot) ¥R BEAR AR 1 ( cyclic adenosine monophosphate ,
cAMP-1) Fll 2 L2300 1) 28 #2251 (epacl , epac2)
FNPRH 18 %) 4 3% 2 -1 ( repressor activator protein-1,
rapl ) i mRNA FI& [ B35, K DDAVP-7 d 41
Hiw g0 21 epacl | epac2 . rapl A F1 raplB B9 A X}
mRNA Fik i 2 & T X R4, i Rapl GTP B %
5 1 ( RAP1 GTPase activating protein, raplgap )
mRNA FRIETEW2H 2 [A] 0 1 2 M 25 57, 47 il B
Ty, BEHEEST DDAVP JE 80U A5 WA POE T A N
PR AR T S BT 3 45 005 AR S B | L S 8 5 12
B RBEIRE /I | 3] B | R A 3 AR B AR
e AR BN AR B B, 0 1 3 7 1 22 , AN T (e 4
VB WFEH R . PRI EIRAE B 3 ~ 6 iRk
SD KL, MK E 160 ~ 210 g, 171 i A 56, K BLAY fil
FIFI R 4 pe/ (kg+d) (DDAVP) L4 7 d )5,
WRHIEE 6 py/(kg-d) , MREGELTEN 3 d, 45 1E
FAZ5 7 d J5 23 B SEER 20 6 BRA (VR 5 SE g 21 45
AR IK) B ARAEAE AT 4 BE A IE #4147 ABR £
M, KRB AT A e A7 sl g2, B
W T R, HE T R R R ARORS-OF 20 4 £ 1k
( hematoxylin-eosin staining, HE ) %4 (&, {ij i A I | H-
g s 5 (cochlea media, SM ) 55 H- g o B i wi B
(scala vestibuli,SV)SM + SV Ff # 1 A kb (8 5 AR 45
T 1/3, TR GE 90% , 75 A AR s bR, K
Rl P PR A0 I PR A A A AR L TS A B sy B
BT B, B0 00N, T 3 58 56 3l ) 0 BB X
BR

3 EREBREARE

1A S A WIT 1 40 O R I PR L DL Y S Rk
Wr IR RN, 324 D0 1k, AN H 3 b S T
FARANSCHY L, iy T2 X S B0 3 R i 52 1 HL
AR PRI ST 5 N B Y B A 1 R 474U 4
FEL WG YR S8 Ao A AR A% B AR A IR A O
SRERUNREAN N, AR AAHI 55 97 2 OB — ko 2
HRH R DRSS 0 g3 2 v T 0 i 2 R A A A
S AR 2 D R B 20 I AR R A D R
PR AR 3R 5, P 0 B A 5 B9 D7 Y oRE (A bk
i B R A L AR RS R R A ) O
RGN, (L SE AR R T
A P b 240, A A R A 52 A BB R i
SERIEIGE AL, RSME R 48 h KRG R A2k (R

ZE0) BERE ORI B P S AR 2 BRI 2 B, 5
AR FEAE 37 d BIARZERERE T B i 14 HOE
WK (A 1 R, 3 Rk, 3 Hehh) 1T
il 28 A [ B 45 & B FUEE 2 (oxysterol binding protein-
like 2, OSBPL2) i B 1l il Hif 14 £F 4 ( pre-formed
fibrils, PFFs) il % 200 g ik, 4 3K JIfy 4 B IR 20 201
20 4 Kk R A I 48 4% B 2% B2 ( deoxyribonucleic
acid, DNA) #EA7 LRI R %5 . H Ak R s bR 4R
TE/IN BB rp 2 22 MR AS 0 A 3E e (ELjR /)N BRUASE
TUASBERLAT 1Y P 328 W 3 ke B 0 SR Y 5 %
TRALEE , FERE/NRURE AL T 55 N AE W ot e B A JE 5
SERGT5 B A W B AR R, LN RS R gl
B85 TR B —Fh TR B AL, DR AR K HL R [N v
RUE 3 A BRI , M RE S BRI FR

4 HERATXSHIT ks

4.1 —FhEALGEMPAERRMENT HIRKIEE

LA A0 B 2 G R A 0 R T AL 22 R
B AT P T B 3 ST K B 2 VRO o A I
KB E- 9 B A0 0 5, R T ik, R SUR
5L fil BRI PO fEE R AE IR BRL (250 ~ 350 ¢) A /2
MR BB R KL 1.5 em, 2R RS NG
SR EAEI A, PR IR Y KU E A AL
PR T ) Ak 5, MR AR 2 1) Hh 2k (K 3 830
AR ) , AR T B S SAR AR N A e, R
J7 ] LA B 2858 Fii I Ak 1) i) —ME LG IE B
FEEHILPY A — 1 LR Ak 7T D45 B — A 452 5 1 el
JETTEWTIEL K LA oK A b 20 2 () R 2R BT LR
BE T, o 2B WS L4, FH I A5 B AR AT o
LI JG N T e T VE 5, 25 BRI, 40 4 D T 1 R
JEEHE AT YL, WT LA 21 PN 1) - 5 RN A0 8 5
FEBIEEE I8 (AR BB TR 40% ~ 70% 1) X S840 %
TE 1000 ~ 8000 Hz 2 [A] (4 FE AR X ) () i 6, R 47
T B FTFL R B 2R3 0. 2 mm (O =H#%F) , FA
B I G TR JEAE 0.1 ~ 0.2 mm, 5 — 3 % 45
ETES R (GEF N 0.5 wl/min) , 25 ¥ 1 754
5uL( 1 pL 0. 25% PReag A=Y gu st ) |, fifi I Pesg A=
Iy (S E =i I Dl Y VA e ki o A W o5 |
et FH 485 77 384 5 % (8 9 )16 38 11 2 ) (enhanced green
fluorescent protein , EGFP ) [ Jif i 2 Fl TR 4 A ) G el
TR, T 5 /K 28 fef P R o A A9 3 S FH 7K R Pl
Y EFEIRGW, e e /NSRS L
L, HARERR A KT 1T E A a0, 22
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HAUIH WS ( CLICK) B K BT [
(R $2 55 (92.5 + 8.22) dB SPL, W25 FF Ik Ye (4,
( phalloidin) S 7< V75 W , 76 #E 7 (4 5 ] b 4h B 4052
P PR RT , X Rh E AR A 1 Ty 1 3 AR
T Al ) AN B AN B A E AR T Y
(4 [RIUTE 7, O LA D e 190 - 5 A AR o iy 11 480
% (P 3 BT N A 5 4 ML v R W A, AT B A
JIE A B 1 e 38 A G, sk B g A0 BE T L 28 v
B A BHVEE 1 3 S FH K B30 3 W AT DA 5 1R LA A
LA 32 A 2 ) Bl s 4t 3 A AR 5 R TR AR 1Y
ORI B B, AT AR A T — A4k R
4l LASN B A0 B0 0 A H R AR X AR AR
AR S i AR G B — A1 B 58 3 AR 40, iR
A A PR B 2 i e ST Tl B g
4.2 2 BIERFSHEIT RKEE
AWFFER W BE JRIP (diabetes, DM) 55 W7 J 451 2K
FELEAR DG | 215 AR I e ¢ v B, 4 B e 2 R
B2 BINEIR 5 B2 B /b, R S B0 Ok
DM (&3 Y WT ) T 202 A DM A& B RG4S, I A
DM B35 T 1 T R ) 30% . Wi 1 R R
5 DM (ot A R e L AR ik
60 H ABR MK IE # B HEPE Wistra KB, A 160 ~
200 g, Hir 40 5206 2H 30 Ao R s A e v kL
A RRRH 20 R Eminkl, mH 2R
NEROK 12 h, W IRZH 3% 30 mg/ kg [ 0T S A I iR 2%
TV ; S A 4% 30 mg/kg MR EETEEST 10 mg/L /i &
BEWRA R &K (streptozotocin, STZ) . T45 9 JAIK
B4 K SRR #4025 I I > 7. 8 mmol/LL
k2 B DM RS R T, KSR ST R A 1.2 .3 4
5 H7Zs JE IS L K. ABR R, Jil3#~ A CLINK 45
A RIEORR RS 21,1 I, A 8 58 100 ~ 3000
Hz , e R 8058 ok 60 B, LABE > ¥ ABR 1)
1 3B TR 1% S AR RIS 2 A R ABR ) 52 7 8] {1 >k
PEARTERLT s SO SE LA DM Dl Al &
ST SR v E AL A R S, P H AR
TR B AR E , A T A5 O A, (L2 A X I
&, DM R AR (LA A A IR AT, AR A
ANRE S B A A0 R B S T i S B kAT
PET 347, s A T

5 #HiE

LB Xt Wy 7 45 2 i %) S 3 PR BF S8 R 52 1 T
WAk ENDES s S B SIS R A Ve 2 = S VY S

MRS IR A0 R R 2 SR IR IS T, LI

VEST DA R v 0 1 A A, 7 0 2 i, 00/ ) SR g

DRUBEAER , FA A, XoF 2% Bl 25 My 35 1 AT 25 0 (i,

RARMESE 2 L0 - R M 25 ) i A TR

PRPENT I3 400 R385 35 AU A SR A S

PEVENT S e S i 1 R I %, Tl T B Al ey

TR RIS, I LA 4k K T A S IR 5 5 3

AR g 45 2 At B A 4 SO (E R 470 X R X

RIS FET B e, AT ASH E YA 2w P A

MR B 2 3 PRl I e HL At 56 R g s

AR A T S 8, O T g 45 2R IS, (H AL I F 5

) HLAEC R, T Jj 45k RZ A A3, s J 3697

MERE &5 A RFRAZHE S5 . Ak A — 2

HBRRE A 7 2 W 53 2% A A A g ST 4R T Y

R S AR BB AN BT A i 5 5, s 2l i

SRS S0 W B A A A I ) SF R,

WEAEARR 5 BTN B i — 20 A BE S A ALL T

PR B AL S AR BRI L, 25, R A A )

AR R A AR SRR IR W 405 S (I RL A
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FLW CAF SRESAE PDAC S LEIR YT H AU N H A 58 E

WEF R WA BHH R R
(1. FEZRFIEREEE e BT FEZE 71600032, 23 7R RF S shyydhe, i 710032)

[FE] B2 (pancreatic ductal adenocarcinoma, PDAC) 2 —F i WL BRAR Y, R IR IE | & B adli |
SEMERRRE S REIIRYT A HRCRANME X 5 PDAC HA FHE M4SN E T (extracellular matrix, ECM ) % A~ 1]
Gy, TIEARE AH 6 A AT 4E 41 i ( cancer-associated fibroblast, CAF) J& ECM H i B 2 () 4H 50843, CAF Bl i 43 K2
BN 5T, 5 IR G BE P R B (tumor microenvironment , TME ) P9 A% JH: Al 66 5 1 4340 A FH, DT B AR G0 588 300 ol
TME , {573 2 0 6 08 6 3Rk G 8 R GEnY M L, o T 2 kg A A 528 R (ECML S 9 EE P A T 2l AR SO 1)
CAF 7£ PDAC FRPEIR Y7 i AN AR SR F JR AT 4538 | T8 5 B3R 13 5 THAE CAF B CAF 433000 43+ i 4n F2
CAF Rl CAF #5510 ECM 557520 (2l TME Fi S8 40 DR 287 A48 S S e o IR A A I 9 SR ms | I B 7= A T
NN BB IR, T A PDAC A5 5367 SR AILHT TR e,

[RER] AR AR AR SC BT 4R 4L ; SRRy T s AU DX s Rk A 5 5 e ML A o
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Research progress of targeted cancer-associated fibroblast strategy for
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[ Abstract] Pancreatic ductal adenocarcinoma (PDAC) is a common type of pancreatic cancer that is insidious,
develops rapidly, and is highly malignant. Traditional treatment strategies are ineffective for PDAC because of its rich
extracellular matrix (ECM). Cancer-associated fibroblast ( CAF) are the most important component of the ECM, and
interact with other immune components in the tumor microenvironment (TME) by secreting numerous effector molecules to
form an immunosuppressive TME, which may then allow cancer cells to evade immune system surveillance, promote tumor
growth, invasion, and metastasis, and induce ECM remodeling and drug resistance. This review summarizes research
progress on the application of targeted CAF in PDAC immunotherapy. We focus on exploring research strategies that
promote the transition of TME from an immunosuppressive to an immune-activated state through depleting CAF, inhibiting
effector molecules secreted by CAF, reprogramming CAF, and limiting CAF-induced ECM remodeling. This review aims to

support the production of more effective therapeutic strategies and provide new method for the immunotherapy of PDAC.
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Ji#% Bt 45 9 ( pancreatic ductal adenocarcinoma,
PDAC) J& T # W AR , & — MR 28 1M Fn s aw
PEROR, 5 AR AEAPRART 10% . HOR T FE iR
B RIRAAE PRI TT R R RIS AR X A%
i EPURER YT BAT SR R BB Ty, AR YT BR Sk
A5y =& HET PDAC YAIF I Bk, W
TRIT7 25 6045 7 P8 fih 5, ABRAXANE ( R 45 &
R RN PG AL ) , FOLFIRINOX ( B Vb A4
SEARRRE TR | S-URMEE ) 1 RS R R
MFARIGT BA —E W AR ZEEHE RS
FE4ENE K&, WR RS . W, SRR
KA PDAC MR RCR B R Im RN B, o
FEIRTT 1 HE B IO RS R 1R Y R i
PR IR A2 1Y) 592 240 i =5 245 Wk 08 45 13 B S g
R0, LR T A b HE R RN I MR A i, R
BPEIRST TE LK 5 G2 Ji 968 AN 53 S A B 9 oh i3
SR T 0 ASCR  SR T X [ g Xk L A A R
M, H B R ELE T PDAC HAT & 24 A R iR
B2 R0 T 20 3= 9 55 /b ELAT A s A O 5 40 1l
PE . PDAC 4H AN 5 1) 35 B B 43 Ry 958 E 4 O B
2145 4l ifi ( cancer-associated fibroblast, CAF) , f1i
VAR 1 3 BT () CAF AE S S % 3R y7 #E 8, T
PDAC Y BTPRR , £ {40 i A1 35 5 19 3 T 4
PO, AT RE 21 SR 5 ) HE T AKX BHRHT PDAC iR
MR, R, B R CAF 9 5 22 3R 7 5K I X T
PDAC HR T HAT T B A I R & L, A Sl CAF
TE R S A 35 Th B9 DL S 38 ) CAF SRS 7
PDAC 2697 0 i A 5T i SR A T250AR .

1 CAF FEIfE REHEME R R ER

IEHAEBRARAFT , CAF 2 8] 78 Bk I 1Y #2540
JH, W AR G5 H 1 S8 B FIAS TE 1 . CAF 2
AR ARORZS G . AR A B S RPN
SRR K R T CAF K A BOE RS 30
PR FETHOE 1Y CAF MEAE, 3% S8 R A2 T b i 21
ZUN BT, DT 7 i 0 A K A R AR T
HEHT, CAF J& PDAC JE 5t v i = 3 11 40 L, Hooke
FHEE P A i R AR OIR 40 Y ( pancreatic stellate cell
PSC) o A CAF 7= A= Ktk i1y g J5E 28 1 0 I 2
P, 3o B A L B 2T 24 A0 A 2 1 e S Bk T AR S B g

PRSI 2 NANORT 245 49y 3 i #1385 e, i L
E A, UK, 2 s i s i e, (W],
CAF 1E R IJea i34 5% (tumor microenvironment , TME )
) —A~2 4y, 3 ]k 22 Ry 0 s AR K, 4
6y MRg 4 AL U BE R | B 7 R N LR A5 AR, i
A3 I T 24 0 G 5 ) A5 45 R AL ) S A ek g ik
JRUT UEOE I, CAF 255 R 1R 28 M #%
A, CAF 3538 o (2 14F e 8 410 ) B 5% 142 9 1 g
G RE RS, AL R AL IR T 10 7= A, R BRI
R VA AT 7 200 R 5 I 4 e 2R 4 3 R AR B O
W 5 0 240 R AR £y o 28 410 i 6 AL, GORDON 451
RGN A 8 & B, CAF AT LB S M2 B
i O S T S e | R T A - O S I
PD-1) % & F &
KINOSHITA %517 Fl| FH 4 1k 24 Y (AIE 52 Treg 40
LT CAF Fifir, PRtk ¥ 1m) CAF B Hsinyr A
W HEEME X,

2 41X} CAF %& PDAC R ZE ST
REE

PDAC AEAF 5% AL TG 22, 5 IR e B 300 4
TEAN M TG T 75 40 15 T i 4 DA G CAF &
TME fe 2 WA 7, B 5 TME A EA/EHE
Blw s At AR R R A — S SE R N K PDAC
HI CAF 5 /- I A FP Al I AR K ek
R SR AN 4> T, 5 TME A i) % 40
AR ELAE R, AT TR B G 326 400 1l 14 TME , foff 985 40 i
REME LB o 28 R G0 WL AL L 4 B A& PDAC
TEAR FIZH I (14 /) SRS 750 40 I | 76 fieh o8 366 J 2
FETARK—FB/r 4, It &I e EZRHRICEAR
[FSE R ) CAF 20, HIAT CAF W IRE S &30, HAe
Jifrged 35 Joi P B A7 A A B T R 2 T Ak G 41 i R 1
CD8" T 4l il iy Hr =™, B UL IR A BF 5% CAF 7E
PDAC & Z= AL , 7T B8 A J5 22 0§ 1) S B8 16 7
PR 1 A
2.1 #0[a CAF E#iEFE

£ PDAC @ H  CAF LI EEAEH, KR
FEUEW, 8 B CAF A] 7= A K o8 1% 40 Al 4 3% 5
(extracellular matrix, ECM ) LA 38 Il 45 I 561 & 1697

( programmed  death-1,
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A Bk ik CAF o W] 38 2 43 WA K i 5500 43 F
T B S 5 300 1] o R 58, 2 T AR 0 e i A 4
1RZEFEERS ) Al CAF T DL 2ok 1 15 3 Y 30
Tl 41 i ( myeloid-derived suppressor cells, MDSC) , ¥
HsE R g Ik cD8” T 4iME RS HER "', Ptk
R PDAC i CAF ARy #E S EAT T A€, ) al
EN R O S SR A R Lo (I K 7 O [
PDAC "HAFEARTRI B CAF WA A [R] % I 78 3 21
RO [ 0 e 1 W I A S TR s /I DA R
PEE BR i 89 07 & P fiE. CALIGIURI 457 #g 2t T
PDAC Bz MMM RL, & Bl PDAC g h CAF A
A 5, JF 4 A 8] g 25 BRI R] Y CAF 1
Al H A HIA AR RBFE
2.1.1 HBEA[FEZES CAF JHAE

RIFZEEI CAF S REARRERT, T A
[i] CAF 7E PDAC H By DI RE, HE 1M A 51 X5 Ve 0 T #E
TElm IR B3 B ZH M, CAF 1E PDAC ] 73
G I8 JU0 1 ST AU R B 5 SO A AR KR A 4l
e gZe A G PL A . KPC /N (/B & B
RgEa A ) AN R AR CAF e Wl AR 4l A= W bn 4
IRe A7 B4 S 3 B IS AL UL T 4 40 il CAF
( myofibroblast CAF ,myCAF) . &4 CAF (inflammatory
CAF,iCAF) #1 4t Jil & i CAF ( antigen-presenting
CAF,apCAF) ", myCAF F (0 F i AL 38 3 5
T4 XA 1) e 20 B AH AR 5 iCAF B RAE 2R A 3 %
AL T IR AR apCAF 55 BE 3R 35 F 2 SUR A
BEW 1 2EH CD74 KK, HE W HE5 4
CD4" T HifuZs & 5 e TP R 5 o i
EYE T 40, 3 B CAF W RUHR AT E 5 B0
I TME ', CAF AT L3 42 AL ) 5 90 s i e £
B 2R LA S A R R A T LS sk o A 2
2 FRAE 2 1 45 A R ) 2 T JH Al 56 Joi 43 ok
AR I R W TH AR CAF 2E T 55 S i
TP A B A R S

RGBS CAF FE MR ) & A % St i B AR
[FIVE T, myCAF Bk o 52 10 i 88 4E B9 CAF, [ A
apCAF AJ ELAG gl /e, iCAF 80 J& 4 i 9
FEDEARY CAF RIS [ 4 FE CAF 7 AR 5 43784
JE IR ICAF 43 RUHEATIH AR, LA 78 V80 55 5 752 410 1)
TR 55 1Y ) B, R 59 T 1 kR kB
FUENTES 25" B9 & B, i 8076 S 11 B 42006 5 I
F-la( hypoxia-inducible factor-lar, HIF-1a ) i % K
PDAC 1 iCAF & R ity 5 B 1 45 [ 1, 7 Bk 48 5 14

T HIF-la /v 5 JAK/STAT [ 43I0 538 # 2 i In)
LI CAF B9k, RN, S IETR, CAF B2
myCAF [1] iCAF (5572 TR, ] 458 Jif g A 455 1Y)
S XTI 1 ICAF RO —E MRS
PHER ML, X2 CAF WA R IEE sh 381, Z N
TEAF M AN EREE R K A5, BIFFT 4517 78
2019 4 & % 4k A= K I F--B (transforming growth
factor-B, TGF-B ) 8 & T U4 1 40 fig /v % 1 Z 4K
(interleukin-1 receptor 1,IL1R1) SR 3 I AT 4 4n
% Ab R myCAF il 02 4 240 B % 46 Ky iCAF
177, 0 AT R I 712 T4 #E PDAC i1 iCAF WAL, JE
ARSI S S A TME £14 [ o 526 A1 Jev 9o 440 1 3
B, Zi b, T CAF S 5T MEK A B T 88 0 R 7
PDAC,
2.1.2 HE[E CAF ARk isAe

TEXT CAF Bt — P05 B, CAF iR A7 AE
ZHIAEMREY . C R CAF bRiEYA i er
21 B 3 7% &5 E (fibroblast activation protein-a,
FAP) . a-F# ULAL3) 2 A ( a-smooth muscle actin,
a-SMA) IfiL/INATT A= A2 K 7 32 44 ( platelet-derived
growth factor receptors, PDGF-R) | H 4 ffd 73 fb bt J5i-
105 ( cluster of differentiation 105,CD-105) & & =&
IR ® & ¥ %1 15 (leucine rich repeat containing 15,
LRRC15) | %h 2 4 K 35 7 B ¥ G1 (netrin GI,
NetG1l) . #EfgHE A2 11 A 2 ( phospholipase A2 group
ITA ,PLA2G2A ) | 4t il 90 25 R 45 & 85 11 2 (cellular
retinoic acid-binding proteins 2, CRABP2) 55, AN ]
PRSI CAF BAANFBEM . 5 FAP NetGl |
PDGFR ,CD-105 #r & ¥ (19 CAF 7E PDAC T 5 JE
LR AT T B A5 e & A O e T kT 245 3R
B3 F a-SMA Hl LRRC15 4R399 CAF 7E PDAC
o AT YRS B R ROER B AR AR AR,
&, FAP™ CAF FE35 J BEA MU «-SMA™ CAF Y%K
i, —HES T FAPT CAF Fil a-SMA* CAF A ]
) RE Y 40 R PR, R HE 1] S FAP
PDGFR CD-105 “5br:EHIH) CAF HEATINFE,

REWFER I FAP B CAF J& PDAC MAE%R
PEM 245110 FERF 22— FAP 3k 5 g iz i L 4
M T YA (regulatory T cells, Treg) & Ji& S 1EAH &,
5 IRiRIE CD8™ T 40 fifd 2 TAAH G, DX M HE 1) #E 35
FAP* CAF il 2 —FhEchr I 7 ™, BFot
W1, 0 0] FAP" CAF JHAE AT 400 e 25 <, 250 48
HFAP HE H Y B2k 23 SE IR /) B PDAC 5 1Y
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Je' . FEIG % & B, 7E/NER PDAC JE R i e A
R Sl s R PO B, T FE FAPT CAF 1] LAREAIR
e 671 g U AR S e M, IE 1 PDAC B AAE
KLk  MCANDREWS 251/ 7E PDAC /N BRI ygg
IR H FAP S ) 2590, 6 456 BURE S P B AR ; 4t
TR-25 )R s 5 B Rtk & PR A2 AR T 4 M 55, #F
B FEVHEE FAPT CAF 41, SR, —2eF 58 & 3
FE¥E FAP™ CAF 2 i BUILA B 2K B 8Pk 0 T
FEPET, X RWIFIK FAP 4 20 M0 76 4 15 1F 3 L
PR O e R L T A B, PR E, FAPY CAF 7E
PDAC KA THFERT, N %5 V) vE B R AR AL, 75 B A
¥ . PDGFR' CAF 5 FAP fE A, Al & 54
PEPA T, K TME o B W 20 i 1a] M2 B985, B B 5
FEMHIIAEE T R & FRiC CD105 T 5%
ARIXSr CAF W, &I CD105" CAF X Jifigd A= KA
AR {H CD105~ CAF AI {2 #4500 PE T 20 it i
I N ORISR VA T = I S N R s
SC Y N1 S N ¢ N L 1 B (S
KRISHNAMURTY 4" & ¥, LRRC15* CAF "] LA E
FA0 CD8' T A iE AL AT g , BRI XA YT 1Y
I, LRRCI5™ CAF n]#45& CD8* T 4 Thig, Jfik
2500 B 4 AR P M S T-BE AR 1 (rogrammed  cell
death 1 ligand 1,PD-L1) Ja¥7 B9 S, #1958 & B
NetG1" CAF i#i it NetG1 /T 45 2 R/ 4 2 It e
WHEH 3255 PDAC 7715, NetG1* CAF HA NTER %
FEHIVER , T AR 2800 240 B A5 19 b 2 4 i
i KRBT BT NetG 1 mT LABH A% i A ik
FE LA B g% e e Il VB Y H Uk, [5] FAP T4
J7k AH [\, o mTRE [a] 95 #E 3% 35 PDGFR | CD105,
LRRC15 LI K NetG1'" BHYE ) CAF, Y FAP™ CAF
FIHE, «-SMA™ CAF 1 PDAC "F R R AEH . a-
SMA* CAF T #IFITE PDAC Ay 3 R T F2 /)N BB 50
w0 e R AR OF A B AR AR R R T 40
Jt ) G b A Y B £ e A S E T, o
SMA™ CAF 1 #E vy BEAIK T 2 T 41 i ( effector T
cell , Teff) 55 Treg A LR | OZDEMIR 2 EH
JHRRIE P a-SMA® CAF Y BRK S 80iz 28 1 K 1k
(R bR 18 2 | 3 W7 % 38 B A1 T) s 98 0 T 240 L 4
EHn, A& B a-SMA™ CAF #t2%, PDAC |- f¢
40 - 10) O A48 L A 2 A S T ol 90 i T 448 i 3% AR
AR il PDAC G2 32 T B ARRRAIG, 3 590 Treg, 1M
HEhn PDAC =728V | AR AR A7 38, DRl ot 3 ) 3 €
CAF I, il R4 #E a-SMA* CAF, #F5% & I NetG1*

CAF [f] a-SMA* CAF —2&, AJ g 30 i g A= <, IF
W], R ] R FEH A NetG1' CAF,
Zi b AR AL A [R] AR Wi AR R Y)Y CAF 78 PDAC
dEE R A ARFEIER  RAER 2 B RS  HR
it LA g B 928 22 v O ) A FH 2R AT A X Y
TG, L #E E A5 FAP .PDGFR .CD105 FHEAR &)
CAF, o] A3 SR Y7 (AR B 3 RIASCR
2.2 06 CAF Db BIRL 5 F

£ PDAC KA K JE i HAOAE th 3 5 ALY
ST RAEEEEAE, A0 A AE AR A2 Tk
DR (G 4 i IR 7 A R AR IR ) G 4 i s
CAF SN 43 F4E PDAC 1 B AR REEFT, AR
it 53 WA AAONE 43 W AN Ta) | G AE e 1) A ke e
LA K g v R AN
2.2.1 #B[5] CAF 504 A v

CAF ] 43 b K 4 U PR 7 ( eytokine , CK) , %3
K& T Re7E 20 M () 1% 38 15 5. L B s P sk
N AT I/INGrF Z BRFTE L BT, 78 PDAC H1, CAF
SR CK A8 M E &, CAF it CK M43, B
TRV RN M Dy g , Mg v HE B B g G e 4
I P85 92 11 <) 200 L B A ) R R S o 8 0
PRI M 2 45 350088 1 FH DA B G2 400 il S A B 1
JERE, B0 11 1L-4 1L-5 1L-6 , IL-8 . IL-10  TL-13 | IL-
17 M IL-33 55, CAF B 43ibny CK &8k Wl AT LLAZ
HERARZ A R SEAE I 18] M2 B WE 4 55 4620 ]
R LA AR A A S5, A0 TME ) s 24
L e 28 40 P T2 F T 40 B B B e g 2 7 7
AAHIME R . B IL, CK 78 PDAC i R h R # 25
AFIMIER . AWFEHREE , £ PDAC /NEL A &R
o, CAF 43604 TL-6 1T LAG 2F e i 4t M %o 75 74
LI BT 245 P, 55 7 AR G R 4 ] G B 8 3K
ZPERT I IS SOM230 AU (MA%R %) Wi 5E i 26U
Y0 ) mTor/4E-BP1 3l ¥ Al IL-6 & W™, 4
PDAC IREEHE = 11L-6 B, K 5256 & BT $2 8 7
VO E 55T PD-1 f 97 ik U R VR H, W 2 48 &
PDAC /A7 3% R ¥ ff) 240 J DR 7 52 {4100 461 51
WFCERHLPL, L) CK AZ 4K 40 11-6 5Z {4 (1L-6Ra)
F CK T Iefe 30 i, Al CAF 43306 1) 48 fif 5
T 54MHE T2k 4, Wi $E & PDAC B IR
SPRCH . AN, BT % PDAC B9IGYT, AT R FH LA 4wk
CAF 336 ) 41 A PR~ 5 240 i A1 7 2 4 1y T L
CAF 43U (%) 41 B PR -, 1 T & 45 e i g, 8 o= f 938
JIrfER
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2.2.2 A CAF 4tk A+

# AL T ( chemokine ) /Ny F 1 B8 435 ¥4 4H 5%
Z K, HTR A0 ks A T AR B R 4
PRSI A B S R AR L B 4r b 4 25, C L CC,
CXC Fl CX3C( X AT A IR ) . X 4 Kk
P F7E WA PDAC g e — & PE R, o,
CC 1 CXC WIS LR 7 & ¥ R AR, K4 h
CAF 43 , 5% M) Fo, 93 240 it N JFC by 2480 A (1 2 248 it A
AN BT, 30 PDAC 19510145 B fn 12 22
P T3 32 15 S T Tregs 25 4 i 1) 55 45 AR fo 93%
1, AT B e 2 2000 40 i (4 D8 T ZH L) [al b
B ZLAES) I TME 1 CAF 43 WA CX3CLI .
CXCL12,CCL2,CCL5,CCL20 il CXCL12 25 T [f]
FEIR T AN A B4R etk WANG 450 78 A0 /)N
L PDAC AR 2 B, CD4* CD25" Treg ZHiJfi ] CAF
(R SEAE LRI T CCL5, CD4™ CD25" Treg 1 56 fit#
SR T X3k & 8 H P3 (forkhead box protein P3,
FOXP3) 7E PDAC H & BRI, i 1T Ll CAF 43
CCL5 W5, #FF CCL5 5 FOXP3 #7446, W]
B 85 9 /0 JEL A /N Bl Pan-02 PDAC Mg 1) Jidh 98 171 1
Ml Treg ¥2 W, KOCHER %" & 8, T 4k £y
(interferon-y, IFN-y) AbHEFEAR T PDAC /)N FRUABE AU
CAF 774 CXCL8 ByZik 3R HT PD1 IGIT HIITRL,
SR CD68Y M2 i I 4 i 4988 P e, 2
KI, ¥ % CXCR4 # i 7] AMD3100 LA f 2 3%
CXCR2 % #1 7 CCX872-B Wy & &, 7+ Wl 5
FOLFIRINOX Bk 5097 J5 , S A Tedm kb b 1A
s, BET7E PDAC 3697 A — 2 By,
M7, # A P CAF 23 T IR 7 ks s Ak IR 7 i
AT LAMEGE PDAC o ygs 41 il (9 R B, B nl b bt
PD-L1 b 7 32 (R BE A, $2 0 R 97 3508
(WFE1),
2.2.3  H#B[A] CAF JMibay A KA1

CAF ] 43 Wh K & 1 A4 K R F ( growth factor,
GF), G 4 W K 4 K B+ ( vascular endothelial
growth factor, VEGF) 3 K7 il ifd 4= 4 [ ¥~ ( epidermal
growth factor, EGF) | JiF 41 il 4= & A F ( hepatocyte
growth factor, HGF) | TGF-B, & it 4 ffd fi7 4= A F--1
( stromal cellderived factor-1,SDF-1) 4§, i £& [ T 7&
{2 PDAC MR LB B9 T8 (R28 et h K 1R
HEMEH, BATE#/2R T PDAC & fEEZ LT
&, il VA G 4 A4 K I F (placental growth factor,
PLGF) , HA] B #:80% CAF 7E PDAC = A= K2

AR, 7T LSS VEGF B2 5. PDAC i
98 A 2B ORI AR AR R BE b M T 00 48 A i, T
MAEARNGE B VEGE B SCHRAY, Rt #l i PLGF il
VEGF W7~ 7E PDAC J&I7 Hh A FE R EAEA Y, ol
KA PLGF (41 Ate-Grab PA253497 ) Il VEGF B It
FNES L CAF o n] 3 i 4300 BT 4 240 i A K TR, LA
R s L F CXCL8 By 23k CAF 43k
SDF-1, A - 9] JgE B 9 Hh %) SATB-1 ik, M-S 3%
TV A 2 R R R A R R Ak, CAF
AT HGF 78 Bl M 40 B 1 1 iz - 1) 78 s e 4k
(epithelial-mesenchymal transition, EMT) , 5 Z( N 7£
M PEALETH 251 78 PDAC [ & /NS b &
B, CAF 43 Wb TGF-B1, M I ¥4 3% 19 AR 8 h i
SMAD2/3-ATF4 %ifi, S8 ATP 254 &K% C iR
1 ( ATP binding cassette subfamily C member 1,
ABCC1) A5 SERG TN, ABCC1 % H 40 0 1 55 75 e,
Yok HLAE A AN R R R R A T BUR YT 24,
B RR 0] TGF-B 19254, WHE ] TGF-B ik
S SCAFERBE . TME H K40 1 i #a L IR A
ACHE e A B vh B HAE [ B, ml G Bl e 93
PR, PRk, 90 A K A 7= R 7 PDAC 3R
Jrh EAEEE X,
2.3 KiEPSC tMESHTE CAF

PSC & — 7l G [ M 1) 70 5 200 A, 2 i Jed s 3R
Beny = BN K 4, AT S 20 PDAC 45 45 41 41 1
A1 PSC HAG WIRP A AN 1 AR A el B
AT PSC AL T IERAS 7 1EHY PSC R 2jHEIE
SR TY AT R A 76 A0 e A 6 B A, L T i
TR B RN A 45 R L, R — e O Ak AR R TR Y 2
Jil, B R AE A 80 ) ECM, 24 -7 PSC A2 3| —
AP PR 2 R 3 e AR A B I i £ 0 i T A
AHOCIE DR 3K | 5 2% M I3 i vk 5 Ak WL 27 4 e
A, -k AT AT AR 2 CAF EEk
JETHOE B PSC, PSC 2K 1% v fig S 2L CAF Joik A4
B P, ATR H — R 90 5 30K PSC #4751, A
A CAF 19774 DL B2 CAF X PDAC #ERERIVET
W FRFR R E g CAF™  PSC fEBRAE ST, Y
TR T R A A B A0 R T B, 2 R T R R A
iICAF bRy . BFFT W, R 5 e A K IR -
1(insulin like growth factor-1, IGF-1) {55 /) ] 3% 5
PSC #4096 #H56 , B I AT R A5 BT 1GF-1 38050 LA 4%
T PSC MHE— 306, 4R AL #E R (all-trans-
retinoic acid, ATRA) FIZEA= K D U] fif PSC 2%
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&1 PDAC B fLIHN T2 LI fE

Table 1 Classification and function of chemokines in PDAC

GIES LiES
Classify Class

Z ik

Receptor

Yk
Function

Fg EZ BTN

Strategy Reference

XCL1
XCL2

CCL1-28;
(0(0 CCL9;
CCL10

CXC CXCL1-17

CX3C CX3CL1

XCR1

CCR1-10

CXCR1-7

CX3CR1

AL T 4 AN o5 240 530 5

A YU RN T 40 A A A EAE
Eaniii

Activation of T cells and secretion of immune cells;
Mediate the interaction between antigen-presenting
cells and T cells;

Anti-tumor

RER G H ST 2 A0 L 5300 5

P AR 5

SEAEMHRI 40, 40 MDSCS Fl Tregs;
CCL2-CCR2 AF T CDST £ A, 34k 1 1) 5 4 3 40
il 2RE 5

CCL3-CCR1/3/9; B3 el ;

CCL5-CCRS5 : 11 Tregs A1 IZE4E

Most of it is secreted by fibroblasts;

Promoting tumors;

Recruiting inhibitory cells;

CCL2-CCR2: acting on CD8T cells, thereby
immunosuppressive function;

CCL3-CCR1/3/9: enhancing immune suppression;
CCL5-CCRS; increase recruitment of Tregs cells

KR53 i LT A A 534 5

e i ;

P GBI A R
CXCL1/2/5-CXCR2  fie v P4 R 40 M 55 4 i B
), HL bR 20 R 7 A R R AE I T
CXCL10-CXCR3: T CD8T 4 it ;
CXCL12-CXCR4 ; W FRIL it A T
CXCL13-CXCRS :AERIT CDST 4fl s

CXCL14; 7T %45 B A% 40 L A4 S R 20 M A 1 9K 2%
GEIR

CXCL16-CXCR6: 2 HEHT i 63

Most of it is secreted by fibroblasts;

Promoting tumors;

Regulating the immunosuppressive microenvironment;
CXCL1/2/5-CXCR2: promote neutrophil recruitment
and immune suppression, and neutrophils can
produce tumor necrosis factor;

CXCL10-CXCR3: downregulation of CD8T cell
count;

CXCL12-CXCR4: also known as matrix derived
factors ;

CXCLI3-CXCRS5; acting on CDS8T cells;

CXCLI4: can kill monocytes, dendritic cells, and
natural killer cells;

CXCL16-CXCR6: promote tumor immunity

i e

Promoting tumors

PDAC P RARAFITEH
Play a favorable role in PDAC [24]

BLIBT CCR 5244 ;

CC AR ;

CAF = CC, H#EA7 T il , M\ T

i CC 972k .
Blocking CCR receptors;

CC gene knockout ;

Key transcription factors of Tregs

can promote the production of CC

in CAF, facilitate ablation, and

thus inhibit the production of CC

BELIST CXCR 324 ;

CXC P RER 5

lFN-’Y ‘{ﬁ“ﬁ?ﬂ]ﬂ CXC [30-33]
Blocking CXCR receptors ;

CXC gene knockout;

IFN-y therapy inhibits CXC

BELIBT CX3CR1 324k [34-36]
Blocking CX3CR1 receptors

15 , N3 i PDAC 988 PN 35 P4 At V5 7K 1 5108l 20 i 97
AL 4E R D AR (1,25- 3 34k K D3 8§
RIA =) CHIE B ARG TR CAF 3355 Ry i 1k &
CTAEGH M WO 2 A 2 D3 LA 4E A I | A iR S
SRR BRET A AL A8 20, ELIS 38 T /0 B i g A
R AT 254 0 SR LUONG 45 K3, 3
A C-C Bt F524k 2 {55 5% 2 5% CCR2”

PARZ A MRS 2 RT3 16 PSC, T PSC J& CAF
PRI , 0 B A AN 3 R 3 8% 2 A7 BELIT, D0 vl
AUBET PSC 0] CAF 9434k, B, fiff PSC 235 M
P ECE R CAF, DA I /0 G0 28 41 il A 15 L
EHRITRCR  7E PDAC AT h A EEE X,
2.4 [R#l CAF 55K ECM £

PDAC 1 =£ & 1 ECM 3 % T G032 70 il i A 455
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FUT 4 AR KT CAF AT i 5 6 it P9 34
FJE L 2T e A s 2T s A | & ECM B ) 3252
KR, CAF JH AR AR SC AN L AP i o3 (e st 2
FI AR P AR T e £ S ) T LA 2 TME,
I A=y B G B BEL R RN T 20 i U 58 0 A 8 4
i[RI BOE B 2 B T PDAC BEJE
WFEs T 4HMu A, SNSRI, 5 4%
AR X EABANR T 4K, FFE %%
BURIX T 41 3 B R AR, ECM 1 2o I
JEUER 11-1 AT3E 3R PDAC 4i A 0 5% R ¥ 0, 1208 % %
Z A ' o, W B RO EE-3-E G
( phosphatidylinositide 3-kinase, P1,Ks) 15 5 & 5§
SIP, -5 E-45 G4 1 NN, 76 B &1 PDAC
ANISERL AR CAF 7310 A4 Jie S Rl e o 5 4 i
R UE A H ] PE 28 I ( myeloid-derived suppressor cells,
MDSCy ) F/> CD8* T 4 A ok 1 5 G 2 41 i, 3k 1
At PDAC it &, 2 Bt & J& & H B ( mawix
metalloproteinase , MMP ) 7E PDAC ¥4 %% A (6] 75 22
A 4 7 A SIESE, MMP9 76 NK 21 i 1) fiE 5 7%
G ) vk % S T, ] MMP9 BH #i 77 Ak
FENK 2000, & BUAT 35 NK 20 0 53 00 25 AL 38 Rt
Hi B, W] MMPO i ] LLbh % 375 S i Sy
7R FIDFHE 58 NK 4R R0 Thae™ . S 1P1-
926 (—FHFE CAF AHOCEE BT AR 25 ) k& 45 24
AIECE PDAC Fs 6 AR 5 il Sk R &
8, AT PDAC i CAF 7= A i 5L, AT 2> COLL
AIUTRHE T T 25 . 5581, PEGPH20 A S —Fift 5
L AR T AN F B 5 RR 5 T PDAC /)N BRURE
R TP R SR 1Y 3 A B B 0 2 B B R , T U
A R THARRR R BB 2R, O 3 2 Mg ik o, 4
T PDAC {551 AR T, 345 S e 5T IR AR 12
T 4 3= E ., H 5 5l S PGl A L,
PEGPH20 B 74 fh 36 7 n] 0 25 AR e 7% e 2
IrHE T s W AE T R 4-H IR T W (4-
methylumbelliferone , MU ) > — Fh 6 £ P 175 HH Ji iR #0
iR, AT REAR/INEUA P PDAC Bigg K/ fid i T 20
SEFERN ) ib JRR 2H 43R 9, E T A R R A K T
B0 DR, AL A0 CAF 20306 20 g A0 3 S5 40,
S s, M MR A R 0 R A, LRI ECM
Hh by — H 53 i 5 4 J 4 1 i ( metalloproteinase
MMP ) D2 3 ECM iy 1) Bl , Hoad ik mT LA i
Wit ECM AN AE ECM 3 122 K K8l PDAC Y i
Y Ik, 7E ECM O E MR % RS AR

WD DR Ay G o il R T A A B R Y
%,
3 RE
3.1 15 CAF HERFREYHNEE

CAF S W 1 52 22 HEAE AR iE— 2D 5T, AN )
WHIFIAR W B9 CAF 76 PDAC Jiigg ik Ji2 K% 4 g2
REEARRRAEN . anA-AT = 5 bR &8, Joik
i€ PDAC " 3B CAF W73 A i WP 26 7 5 45 5
) G 2 AN M S A AR, BRI, 3838 CAF 11931 Y
FbpE W BAT EE G L, 78 PDAC IR, H g2
XA FI AL IR & I CAF SE YA 73 1) VS
FEo UIFE PDAC /N R B AR S 1S 70 r I &5 1 FH 55
B R M FAP-DMI(—Fp#i R FAP B e B TR ) vl HF
S AR A, BE B SR AR Y R, 48
CAF )43 B S 78 F R X T4 =5 PDAC B3R 7 80CR
HAEHEEEY,
3.2 FEXTEHIT CAF BITHIF FiE

#E PDAC I RIG YT AR VB3 Fn B 24 %6 B ik
ST 4 ALHE 75 P A | S 35 At i DR 35 VG At
FEAZSREERY  BHESCR A, 5
PDAC S i TTA B VIR, Yt
XF CAF WIRYT 7k 2 R SS | Ti SH4R 5 m A 7 vk
JUREEE, A VFFEGE S B A PURSZ R T 41
( chimeric antigen receptor T-cell immunotherapy , car-
T) AIEESPERR ] CAF, Eb4n, CD70 7E CAF 1353k,
F5E 2B, CD70" CAF Al fE i Treg AYFR S AE g
TERE I feyse ki , vl R K 1L-15 1% NK 41 iy
SRS CAF _F /Y CD70, I Ik 2 Z4# CAF AU
JL2 B AN £F ST FAP CAF 1Y car-T J7 15t 1] 15 46
CAF™ B A2:5m PDAC thHAB A CAF 195
S A G AR 0 S e e A A b i
9o ML/ % B8 DA By /b Al i A RO RY, H AT E
TH T 5T HSV-1 B/ B OX40L 2% 3k ¥ 8 0 35
(OV-mOX40L) , Hr] F& 3 Jay 8 A1 4= B o #0461,
PO L RNA 5 2 7%, OV-mOX40L T #3 3t i 241 Jfd
(CAF) , \NTifiE s CD4" F1 CD8* T 4= | LAKE K
PDAC /NRIFEIERDY ) B4, T4 CAF ;R
PERE B P R ABAT — € MG R S, 36T IR FAP
1 DNA ¥ 78, & ¥ PDAC #3854 CD8* T 41 iz
TN, S, N FRE Z A X CAF MRYT T I,
DLIA B G2 ik (WU B8 G 5 100 IR A8 4 T 1 5 2
Wk R R R
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3.3 FHAk&EEENHE CAF ESiEK

HIF ‘TGF-B .Notch ,Hippo ,STAT DA & Wnt %5155
S, S1EHE PDAC SR dl ML A 5 R ik
Fifrgg 0 JE O 1 R A AR Y L #E PDAC g i
il CAF 1 STAT %555 B g0 , A7 B T8 A
S B B 3 CD8Y T 4i iR iiE B TME
GAUTAM %' 90 7E PDAC 9 [ & /N BB AL oy |
BUEIAREE A T PDAC T A 40 At B AR R 1, B4R
PSP (HIF-2«) 38 52 30 CAF M2 2 JifJgg #H 5%
EL W4 i ( M2-TAMS) Fll Tregs A4 SE 8 7EAE HE G0 e 411
5 KA EEAEH A A T8 & B HIF-2a Y
B> T AR Ak, F W HIF-2a0 76 B4 i FI ST
Hefbrh R AR . AT Bl 95 20 M AT O 5 2k ok
EERS . T, M PDAC BRAEFRES T ¥l HIF-2a
(7= A= I/ CAF 3G, D82 S e 41 il Tl 3R 5%
27 PDAC BI7 SR, Notch {55 7E1% T PDAC %4
JE I Th b R E AR, & E 5 &K 3L, PDAC
H1 Notch {55 34 55 1] I CAF B8 R 400, 22 55
PDAC ZHfZ&H PD-L1 5 &, fif I SR 5 I8 il —
ARPEMEPRZS . 2R H Notch #1757 54t PD-L1
B HIAT {8 CD8”™ T 4 122 i 34 , Ki67 % €2 ik
2V XTI R AV s 32 900 o 2 B A R R Rk
A58 PRI R T CAF S A B, D B
PEIMHPIRAS 27 PDAC AYIGIFRICR

4 EZ

PDAC JEJ5 5 %10 shAS 1, 7 g i) 0 J&
EHhREERZENIEN, FZ2MR KM, CAF 5
PDAC WA & JREVIFH G I IL AR X CAF /9§ )
BITAIEARWIIF I R il 2 O 19 SCHR 4 3E AN [H]
UG CAF HA AT aE, i, 75 2238 W] CAF
1RSI 75, 3 AT B O B B g 1 3 97 4R 115 0 TR s
MPA IS R& T CAF E & 47 AE A 43 2
fig, o IR i o 7

M2 EAZINAE CAF FRL[AIHFE CAF 43R4 Ry
I3 F K36 PSC 3 CAF W64k, B CAF 5 3 1Y
ECM 0]k 2% PDAC #E R | WA 1T S 806 B i g A 36
J7 . AMERES CAF 43S 68 1 3 TH L B CAF
FHGH B (0 AT, o7 BE 2 70X CAF A7 IR AR IR
A RO, (AR I, BFP CAF TEfF A4
TFRAFET RN BB i8It S5 PR35 Ll ZE CAF 1Y
A TS PDAC PSS I E IR vt Jg o Ak
(RIS s ZilE — DR R B Rl CAF WA D) fE DL

5 PDAC AN A5 S5 EEZ MR R, BT
CAF 7E et s BEnRRaRME ¥ m) CAF Al fERE —
AMBA RIS WIRIT 7, AR H FT I 1 JCHE
Ii) JE IR YT TR AR A9 I PR 7 58, (0 — 2211 R 56 1E
TEREATH, RSB0 L CAF SV 5 HATE
A G ARIRYT TR B A i AT RE R PDAC R
P A
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BT rh v BRI RS TIERE S B 5K AL L
SR o3 By
CETE S AL S TS SELT R SR LI 354

(1. bt EEZi R, dbat 10002952, HEFER2EGE LITERE,Jbat 10005333, 1 H A BB,
JbaT 100029;4. JbETHEE Y K2AFEIIERE () )4 WYl 518000)

[H#ZE] ¥ HRALLILE (dilated cardiomyopathy , DCM ) J& 5 3.0 J7 323 | O AL B R AL 14 8 WL 22—
DCM 5 RS2 2 Z2 0, BIL i 2R 52 4 P BH , 304 T T At X 83 1R T 05 A IR, 10 AR A7 TR 2R 2 25% , AR TP 9T 4
T DCM Sh¥#Eal [ N AMIFFT SR , 45 V4 BRI RIS Wi An 1 5 R B HEIE 43 710 | 025 DCM 3 A8 R F B4 i I 741
BRI PR G R A B . BF9E K3, DCM i #5077k 220 IS R gt 20015 a5 T e v B s i 5
P4, S AN Y EE S B B M SRR A DU/NEURIR U B, SRR G B R R DCM 3 83 1k, k2
a2 SR, HTIR—24% DCM Zh i i ik 52 40 2h 1y | 52 9 T 24 LB e ol SR AR o 45 24 5K | il At )
WA 257 TP EIGIRVIA K-S 2 A 55, IR — 8 BRI R V)& 338 452 04 B I R W) & AR, 62k, DCM
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[ Abstract]  Dilated cardiomyopathy (DCM) is a common disease leading to heart failure, arrhythmia, and sudden
death. The etiology of DCM is complex and diverse, and the mechanisms have not been fully elucidated. Conventional
interventions have a limited ability to improve the prognosis of patients, who have a 10-year survival rate of less than 25%.
This study aimed to summarize the construction and characteristics of a DCM animal model and evaluate the clinical
compatibility of the model with traditional Chinese and Western medicines. Analysis was based on domestic and overseas

research into DCM animal models, Western clinical diagnostic criteria, and traditional Chinese medicine syndrome
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differentiation. The DCM modeling method mainly involved gene editing, drug induction, immune induction, viral
infection, and rapid pacing induction. Experimental animals included muroids, zebrafish, Drosophila, and pigs, of which
mice and rats were most commonly used. Gene editing was the most commonly used method for modelling DCM, followed
by doxorubicin-induction. In the literature, the experimental animals, drugs, single or cumulative doses, administration
method, and modeling period used varied among studies involving DCM animal models. The level of clinical anastomosis
according to traditional Chinese and Western medicines varied considerably, being generally lower in traditional Chinese
medicine than Western medicine in the same model. In addition, the modeling standards for DCM animal models were
mostly based on Western medicine theories. The differentiation of syndrome models and information collection for the four
diagnoses have not been standardized and unified. In the future, stable and homogeneous animal models of high clinical

consistency combining both disease and syndrome need to be established to provide a basis for DCM mechanism research
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and drug development.
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disease and syndrome; animal model
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Table 1 Syndrome differentiation of dilated cardiomyopathy

UEZY
Pattern type

FAE

Primary symptom

YA

Secondary symptom

ik

Tongue and pulse

SR IE
Heart and lung
qi deficiency

SIS IR
Qi and Yin

deficiency

A FH IR
Heart and kidney
Yang deficiency

R MLAFHIE
Qi deficiency and
blood stasis

FH 7K IZ E
Yang deficiency and
water widespread

PRERBEIIE
Phlegm and drink
obstruct lung

I57 3 I T1E
Yin exhaustion and
yang withdrawal

O, R, Z 0 I8 SR N
Palpitations, shortness of breath,
weakness, aggravation after activity

i bed S, O I Z T, ETT BT
Chest tightness, shortness of breath,
palpitations, fatigue, spontaneous or

night sweats

O Z 1, BN, B IEIE
Palpitation, shortness of breath, asthma,
fear of cold and cold abdomen

W P SR, P Z 5, B D T
EPe, N O
Chest tightness, shortness of breath,
fatigue, pain and lump glomus in the rib-
side, edema of the lower extremities

AE Wi AR, B Z ) T
Jifr, PRV g YRR B IE IR
Palpitations, hasty panting with inability
to lie down, fatigued spirit and lack of
strength, puffy face and swollen limbs,
scant urine, frothy expectoration, fear of
cold and cold limbs
DR, W B ATRER , M R R
R, M Jre I ]
Palpitations, rapid breathing, hasty
panting with inability to lie down, white
sticky phlegm or thick yellow phlegm,
glomus and oppression in the chest and
stomach duct
W AR, 5Kk 48 BT
B, AT O A, DO R
Hasty panting with inability to lie down
and catch breath, gaping mouth and
raised shoulders, agitated vexation,
dripping great sweat or putting forth oily
sweat, reversal cold of the limbs

N , TS
Fatigued spirit, panting and cough,
somber white facial complexion

FLOBEH, B B A k=
ng | SR b
Vexing heat in chest, palms and
soles, dry mouth, tidal reddening of
the cheeks, dizziness and tinnitus,
scant urine and swollen limbs
BRI, 1 B A% T (5 K55
Scant urine and swollen limbs,
abdominal distention and loose stool,
green-blue facial complexion with

gray tinge

T (LIRS JB 75 5%
Somber facial complexion, green-
blue or purple lips and nails

BURLK A, DS T8 B, 2 T
S PR R A K Y
Gray face, green-blue or purple lips,
abdominal distension, hard glomus in
the rib-side, the neck pulse
is revealed

KA H IR, BRI BRI | 5L
KR I

Dizziness, scant urine and swollen

limbs, phlegm rale, heat and thirst

KRR A Al S 4 R
Al I PR IS

Lethargy, purple facial complexion,

green-blue or purple lips and nails,

scant urine, anuria, swollen limbs

T BRI IR, Ik 40 25 fe
Pale tongue with tooth marks on the
margins of the tongue, heavy and fine
pulse, or vacuous and rapid pulse

T AL H B, IR BTG ) B
Red tongue with less moss or scant liquid,
fine and weak pulse, or bound and
intermittent pulse

TR A 4 ED KT EGR
Pale and enlarged tongue with tooth marks
on the margins of the tongue, heavy and
fine pulse, or slow pulse

BB I A R R, BB, WA
B
Dark purple tongue or petechiae,
ecchymosis, heavy and fine pulse, or
rough pulse, or bound and
intermittent pulse

TR IR AL, 5 T, RN s s G
Dark purple tongue with glossy white
tongue fur, fine and skipping pulse, or
bound and intermittent pulse

TGRS B, K%
Purple or crimson tongue with slimy white
tongue fur or slimy yellow tongue fur,
stringlike and slippery pulse, or slippery
and rapid pulse

TR 5, WK G2 B4 s B
Pale, enlarged, and purple tongue, faint
pulse verging on expiry, or racing and
weak pulse
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SEIRFI B8 R T 5 DCM sh AL 5y
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RAfIR]—28 7 DCM Sh4 R0 B e S sh 4 St I 24
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Table 2 Diagnostic criteria for dilated cardiomyopathy

5

Level

EiL7Y

Indicators

32

Manifestation

(VLD
Core indicator

ELHAR AR R

Directly related

AR5
Imaging

and pathology

S A kA
Laboratory

O#FE OB RO IED K BE I T IAN = S S it B it 3l K i I |, 7 58 BE IS Bl 59 | % BE AL
WL, 72 AR DT RE T W 70 5 S L3 BRI R A 43 R 3 BRI, o R RE AR 55 s g P A O L2 4R
P22 WA R D LU , SO R, O WUANHUIE K AR TE | [BBT2F b 45 OHAL: (1) 0 ERE L
P PRTRZE DB YR 28 BE AR S8 B S RE AR A 2 (M R BE (AT Ak , (2) Mol X 2ot £ /R0
PROMLE > 0.5, (3) 0L SR O (IR AR 0 5 BR 3 | e S BRI B 28 k0 3l i i
45,8 ST-T M2 ARHUE R BB A R, B WO EEE Q B, (4) CREBUSHEZZ A RN
AT AT LA SR A RIS A A A O B A K 2028 55 I A3 BTG

(D Echocardiography: indicated that the heart was enlarged, or combined with mitral and tricuspid
regurgitation and pulmonary hypertension, left ventricular wall motion was weakened, ventricular wall was
thinner, left ventricular systolic function was decreased, left ventricular ejection fraction and short axis
shortening rate were decreased, or mural thrombosis was present, etc. @ Pathological examination:
myocardial histopathological ~diagnosis suggests myocardial injury, inflammatory cell infiltration,
cardiomyocyte hypertrophy, deformation, interstitial fibrosis, etc. @ Others; (1) Cardiac magnetic
resonance; indicated left ventricular cavity enlargement, ventricular wall thinning, and reduced motor
function with interventricular septal strengthening. (2) Chest X-ray examination: indicating enlargement of
the heart shadow, cardiothoracic ratio > 0.5. (3) Electrocardiogram: indicates arrhythmia ( premature
contraction, atrial fibrillation, conduction block and ventricular tachycardia, etc. ), or ST-T changes, low
voltage , poor R-wave increase, and a few pathological Q waves. (4) Cardiac radionuclide scanning: nuclide
blood pool scanning showed increased left ventricular volume and decreased left ventricular ejection fraction

in end-diastolic and end-systolic periods

OAErRicy) ; Qg rebricy; 0SSR T

(DGenetic marker. @Immune marker. @)Myocardial enzyme profile, inflammatory factors

OREAR 7 Z T DR 35 SIS VLRI |3 15T f2 T B, 48 ) R4 5 P O 5 R e s A PP B, £ 8K
Wit TR A5 s @IRAE ;0 F 1 26T BB, 85— 0 R4, 1T o) 55 =00 5 008 U0 A T,

(D Symptoms: fatigue, weakness, palpitations, dyspnea during activity, decreased activity tolerance,

paroxysmal dyspnea at night, upright breathing, decreased appetite, edema, etc. @ Signs: the heart

indicators examination
X N . XU YR I & SR kA ik K AR
B RN A M
Indirectly Clinical
related indicators manifestation

boundary is enlarged to the left lower and bilateral, the first heart sound is low and blunt, and the third or
fourth heart sound can be heard, or the wet rales of the bottom of the lungs, the jugular vein irritation,

ascites, liver enlargement, etc
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R3 AYAET REEHET ARG S PO S DCM SR8y 5 it B2 I PRIV &

Table 3 Animal models of DCM induced by drugs, immunity, viral infection and rapid-pacing and the consistency with clinical

diseases of traditional Chinese and Western medicine

L SR T it RS N
BRI 5 b7k ol W A HE ) 4
Moulding Animal T Molding - . A
. Specific methods Clinical disease coincidence
methods species cycle
JELIE o 5T e JE 1 mg/mL B A 5 P56 TG B2 A% 0 4 4 D @ 1 [H] H2 AR G 48 47 D, W) & BE
Wistar 2.5 mg/kg, | Yo/, RBGIE 15 me/ke'” 45%  FF £ RS AEDD WA HE 30%
KR Rats were injected intraperitoneally with a 6 5 In line with the core indicators @@, indirectly related
Wistar Dox solution at a concentration of 1 mg/ml. 6 weeks indicators (D of Western medicine, the coincidence rate was
rat at one week 2. 5 mg/kg for a total dose of 45% ; In line with the primary symptoms (D@ of TCM, the
15 mg/kgBﬂ coincidence rate was 30%
FER P E RO DG, ELHEAN S 18 bR OO ] A1
- o XARFEDD WA 90% 5 75 4 1 B2 £ D@ FIUCAE
M W B BT R R O W 1 me/kg, DG, W& 75%
SD KR 2w/t 6 & In line with the core indicators D@ @), directly related
SD rat Rats were injected intraperitoneally with Dox 6 weeks  indicators D@ and indirectly related indicators D@ of
solution twice a week at 1 mg/ngS, Western medicine, the coincidence rate was 90% ; In line
with the primary symptoms (D@@ and secondary symptoms
D@ of TCM, the coincidence rate was 75%
. o . FEATTBER LAR R DD, FLHE AT XA b O RIIF] B Xt
I SRS BT 3R, 3 IR/ T, BB i W, WA BE 55% 454 T E EREQQ, W4 B 30%
BALB/C [39] . ’ . ’ . . ! .
JNEL 15 mg/kg 2 In line with the core indicators (D @), directly related
Mice were injected intraperitoneally with Dox indicators 3 and indirectly related indicators D of Western
BALB/¢ . . 2 weeks .. L - .
. solution three times a week for a total dose of medicine, the coincidence rate was 55%; In line with the
e 15 mg/](g{391 primary symptoms (D @ of TCM, the coincidence rate
was 30%
o N AT R RD® , A A bR DG B A1
CSTBL/G] B IR TE S VR BE 1 mg/mL BT 85 3%V 1@, W& B 65%; 7F& R EiEDQ, W& B 30%
FIERES e 5 mg/kg, 1 W/ JH, BRFIE 15 mg/kg“ﬂ] = In line with the core indicators (D @), directly related
7 N . O . e 3 o - o
Doxorubicin CSTBL/6) Mice were injected in the tail vein with a 3 K indicators (D @ and indirectly related indicators D of
induced . Dox solution at a concentration of 1 mg/mL WOKS Western medicine, the coincidence rate was 65%; In line
e Kk f [40] ith the pri D@ of TCM, the coincid
once a week for a total dose of 15 mg/kg with the primary symptoms o , the comcidence
rate was 30%
- I WA R, LA R DRI A
Bk R 1 mg/mL BT 3R W AR, WA E 70% ; 774 1 E T D@ @RI AR
BG4t 1 mg/kg,2 R/ DB, W4 80%
New New Zealand  rabbits were injected 8 J& In line with the core indicators (D @, directly related
Zealand  intravenously at the ear margin with Dox 8 weeks indicators D@ and indirectly related indicators D@ of
rabbit solution at a concentration of 1 mg/mL twice Western medicine, the coincidence rate was 70%; In line
a week at 1 mg/kgr‘m with the primary symptoms (D @ @ @ and secondary
symptoms (D@ of TCM, the coincidence rate was 80%
o AT B R, T ACH PR R B 4
2 BT TE B AR SR 0.7 me/ke, 5, W& B 55% ;456 B EREDQ), W4 HE 30%
. 8 1 k/ ﬁ]“ﬂ - In line with the core indicators (D @), directly related
Ao ™ . sp I line cor DD, :
Beagles were injected weekly into the left indicators 3 and indirectly related indicators (D of Western
Beagle . . . 5 weeks . L . .
main coronary artery with Dox solution at medicine, the coincidence rate was 55%; In line with the
0.7 mg/kgpm primary symptoms (D @ of TCM, the coincidence rate
was 30%
Yo o TV BEAZ AR AR Q R AR e 38 AR D, W) A BE 25%
v RIS 4 my/ml, BT H 5 HOTERLERQNT BR0, U &5 25%;
FOBE WG ) g me/mL R o A A 2 B2 A D), U1 4 30%
B JH 4 mg/kg - . R - gy
%S New . . 6 J& In line with the core indicators @, indirectly related
. Daunorubicin at a concentration of 4 mg/mL . .. -
Daunorubicin ~ Zealand Iministered it v at th 6 weeks  indicators (D of Western medicine, the coincidence rate was
induced rabbit was .a( rsterec ravenou[is}; a ¢ ear 25% ; In line with the primary symptoms D@ of TCM, the
margin at 4 mg/kg per week coincidence rate was 30%
FE T ERZ LR DQ), BHAR G bR O AR HAH 4
15 FE F1 3R 709 e i s i 7 75 1 144 10 4 In line with the core indicators (D @), directly related
/3] ) ® Self-administered 70% furazolidone " indicators Q) and indirectly related indicators @ of Western
Furazolidone Wistar a4 10 weeks S b L I ih th
induced rat aqueous solution medicine, the coincidence rate was 55%; In line with the

primary symptoms (D @ of TCM, the coincidence rate
was 30%
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#g%k3
KT Ty ST PN TR JE NN
PRI S b ot W AT 4 i
Moulding Animal Lo Molding ... K o
. Specific methods Clinical disease coincidence
methods species cycle
FETIERZ LR OQ), HHAR A bR @ FIIA] HAH 4
, B, WD B 5% ; R £ PBE -EAEDD), W4 30%
SD KK TR 70% W MR ER 7K s T L 10 78 In line with the core indicators (D @), directly related
" Self-administered 70% furazolidone aqueous indicators 3 and indirectly related indicators (D of Western
SD rat | 10 weeks .. L. . .
solution ! medicine, the coincidence rate was 55%; In line with the
primary symptoms (D @ of TCM, the coincidence rate
was 30%
55 0 KRIER 7 KBRS AL 2 me/mL.
0 LU ER 2B AL L R, B R At F56 V8 B2 %0 18 45 O Q) ] #2480 S 38 45 O, W) 4 BE
- BALB/c 6] 45% AP ETFEOQ, WA FE 30%
B i 0.2 mg' . o
I losical /B Mi beut Iv iniected with 8 JA In line with the core indicators D @), indirectly related
mrflurlm Oima BALB/c ICE? were Sud.C:l aneokls-dy. ln_]eclel W: ) 8 weeks indicators ) of Western medicine, the coincidence rate was
fmauce mice poreme myocardial myocardin emuision at a 45%; In line with the primary symptoms (D@ of TCM, the
concentration of 2 mg/mL at day 0 and day 7 L o
L46] coincidence rate was 30%
for a total dose of 0.2 mg
550 FRIH 7 K S S m/m FEA TR AR, BT He R DR AR A
. - B @, W& B 55% ; FF 6 T EFEOQ, W) A 30%
Lewis .0 MUIIREE FIFL LI . X - .
.. . - In line with the core indicators (D @), directly related
KA Rats were subcutaneously injected with 4 J& - o .
. . . . . indicators (D and indirectly related indicators (D of Western
Lewis porcine myocardial myocardin emulsion at a 4 weeks .. . . .
. medicine, the coincidence rate was 90% ; In line with the
rat concentration of 5 mg/mL at day 0 and . .
[47] primary symptoms (D @ of TCM, the coincidence rate
day 7* )
was 30%
FFE VIR OIEIRQ , HHAH AR AR O] AR R AR
N . LA A d
U BALB/c  MENEIESHFTE 735575 B3 % (CVB3) , 4/ @, W41 35% ;754 T E FIEDD, W4 1% 30%
Y v (48] - In line with the core indicators @), directly related
. AR AR 100 L 240 - -

Viral . - indicators (D and indirectly related indicators (D of Western
s BALB/c  Intraperitoneal injection of CVB3 at 100 L = 24 weeks .. . . .
infections - (48] medicine, the coincidence rate was 35%; In line with the

fmiee per month primary symptoms (D @ of TCM, the coincidence rate
was 30%
A R R 2 T2 s 3 A% 5 BEL ¥ A 8
JERAK AT A%, P 0 3Rl R R A PG R 48 AR O @RI AN R A5 AR D@, WA
IR AESh 250 Y 50% ; #F4  EE FAEOQDHTIEDB), W5 K 75%
SRR After the complete atrioventricular block 3 In line with the core indicators (D @), indirectly related
Cani model was prepared by radio frequency 3 K indicators (D@ of Western medicine, the coincidence rate
anine catheter ablation to His bundle, a permanent WeeKS  was 50% ; In line with the primary symptoms D@ @ and
pacemaker was implanted and rapid secondary symptoms (D@®) of TCM, the coincidence rate
ventricular pacing was performed at a pacing was 75%
rate of 250 hpm“m
T 0 RO IR FR QO A E A R A8 5 O, W& B 25%
Bogtedi s B D B R, R K 4 AP D@ A 30%
rass B 240 &’\[SUJ 3 JE In line with the core indicators @, indirectly related

Rapid pacing  Yorkshire Rapid atrial pacing was performed at a 3 weeks indicators (D of Western medicine, the coincidence rate was
induced pig pacing rate of 240 bpm[50: 25%; In line with the primary symptoms D@ of TCM, the
coincidence rate was 25%

AV B A% 0 48 A O @ 18] 32 41 56 48 45 O, W) & B2
PG =R, R R A 4 B 230 45% ; FEh R EREOQ), WA B 30%
PES {5’\[51 (221 liﬁﬂ In line with the core indicators @, indirectly related
Sheep Rapid ventricular pacing was performed at a ( tk‘) indicators (D of Western medicine, the coincidence rate was
ts1] weeks 45% ; In line with the primary symptoms D@ of TCM, the
coincidence rate was 30%

4 it R AAERAERY B DCM KR HR A, (HH T DCM

TR A2 B L 14 o Bl o8 4 W BA , B T TR,

BUREE 254 DCM BRI RSt BUS T— R, i s MBS s A R, 10 ET?&%%@K&
HRTVAYT JE I AR s O U E RO M 25% 245 B3 09 AR 1 R4 Bl o) T IR % 36

DR TR AR JE DL St R AR TS T b, PR DCM B N ZEAIL A AE TR 7 A a5 rfx ﬁ’qi

pacing rate of 230 bpm
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DA EE SR, Sl PR TR A 00 & s AL A A L Tl
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[ Abstract]  Systemic lupus erythematosus ( SLE) models are divided into four major categories: spontaneous,
induced, humanized and gene knockout models. Lupus animal models are of great significance for studying the etiology,
pathogenesis, and treatment of SLE. By reviewing and comparing various lupus animal models, we aim to elucidate the
main features, advantages, and disadvantages of different types of SLE models. This review provides a reference for
researchers aiming to select appropriate models for the exploring genetic and environmental factors, pathogenic
mechanisms, and therapeutic modalities of SLE.
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Z (type 1 interferonl, IFN-1 ) 5% F & . 8 7= 41 it
TR LR DNA 105550 SLE I PRAFAE
HAME R AAFFE 24 SLE W, HLAT < s il i | 3
PRl PR PR 2R J g R Al A 922 8 PR R A T e
R A1 T JLHAF R, SLE /NS R 5T, A
W B SLE 1% & s AL A RLABCHE T BOR TTRk, AR
XSERERIrh Al OISR S SLE F8 2 ALY B0 =
R ALAE T AN FN B 20 e i S vy R A, 2 R0 A B
PO 7 RN A A % At L TR, DA Bk 24
B E (S B A I — 1Y SLE /)N RUSEALAT L)
SERHMESE NS SLE B, Rt , A SGE i B45 A
[F)AR /N BB RY 22 ] 18 JLAS DB 22 S, sl i) 1 — Lk
FROE X SEAFAE RT3 B AT 50 N D1 AR A T 48t 0 R
R R B T AR AN S N IR 4 4
PRRE AR AR /N B CTRT AR N AR TR /DN B ) B A ]
T PR AR DAL I 42 25 4R N NS 45 S R 7 ik
(0 Ji 3B T LA o e Al R A B (Ao 25 % A% )
AR A, BIFSE N DU AT S 2 A H Y
TR SRS N FEPR I F 2EIm RAFE , PP AE Rk
2GWITE SLE /) USSR = 153E T AR

1 BXRMEIREHIEER

B A AR I 3l W R AL 4 S 0 Sl W) R AT ]
RPN AL S 7 A RO T A R, H
PRI R AR | R J R 2L i RAE IR 5 N6 A
L, XN T R R, A R s e £ e
P35 G T 4% 2 BE Al AN I RO 5, (H A R 3 B A
AL S5 N SLE SFH WA T, &1 84T A
BRI Sl BB Y S s LT | 32 R R R
FH 677 R AL B SR B
1.1 NZB x NZW F1 /M
NZB x NZW F1 /v Bl J2 80 75 22 B Bl ( New
Zealand black mouse, NZB) 5 7 78 2= H R ( New
Zealand white mouse , NZW ) /i & 2238 7= 4= ) B iy &
PRI 2 MRS AL HA ) B [ B 2 PR P R ALE
MK SLE, Bk Sy A3 H B G g 1) e AR
SRS, [ 20 40 60 FARPILIK, B4z
FIFE A B G e PR B 5T , SR SR FL AR
FoO W AL S 3 2 UM 45 PE S A K (major
histocompatibility complex, MHC ) 45 A9 #0 il 14 T 41

R A RMIIE YRS KB ]
Table 1 Characteristics and application of animal models of spontaneous lupus
Ay KRB AL FERHR AL HL AL JRfR
Model  Discovery time Mechanisms Main outcome Application Treatment mechanisms Limitations
ME Al U3 . .
uﬁj%%ﬁkﬁ pCons ARIT I, AIKiZE e G
- g o MERIPITE WL o peiiim 1) P R RN T
s o HART SRR \ el 52 T i e
WAL Sy I s MHC S E A ] N EFE SLE FFHLH LA T B 4IMf9TELL FEWIR ERUR Y 2%
N il b 0 YU B /NER AN e 1 z N B2 1 4
S SMELE T A A0 T hi ds-DNA KR oy I A TFN 1 Bel2 22356 LA REF= ARG
NZB/NZW RIS LRSS otk 1 oA Cons pentide SN
F1 /ML 1966 4 Legacy susceptibility; Proteinuria 1 Suitable for exploring thp e pep Gid Disease develops
NZB/NZW 1966 year MHC-mediated _rotemuna 1 nephritis and oy, peprices slowly and requires
N X A immune complexes . induced immune K
F1 mice suppressive T-cell deposited in vasculitis research, tolerance crossing of two
hypoplasia or loss glomeruli, ANA and oe-str({gen mechanisms downregulates B cell mouse strains to
of function . in SLE and lupus L s produce lupus-
anti-dsDNA 1 . activation, IFN and . .
susceptibility e susceptible mice
analvsis Bel2 expression
gene analysis
BEHTHEDNT 5
g AT S sl
Pk R b gz Fas 3 SLE SCHEHE
HEHE 7772 DNT ?ﬁ%g&ﬁ o Fas R 2K 5
Fas /3 I 4 a7 49, ANA FT Yl %*ﬁ%&;,ma o N2 SLE; DNT 41
B EGR2 HFH1E  dsDNA JL ssDNA i S EZH2 MR g ke gk
MRL Do % DNA %L Sm Hirfh 1 Suitable for exoloring  DNVA HIEACAUIE A AR
P TFN-y fig7 A7) Nephritis, lupus Or DTS P xSk i B,
JNER the association R -
MRL/ 1978 4 encephalopathy, bet DNT and EZH2 inhibitors Fas mutations do
A 1978 year Defective Fas- lymph node and . petween ‘an‘ modulate DNA not drive human
Ipr mice SLE, the association

mediated apoptosis;
EGR2 protein induces

DNA demethylation

IFN-y production

splenomegaly ,
neuropsychiatric
disorders, presence of
DNT cells, ANA | anti-
dsDNA ,anti-ssDNA

and anti-Sm T

between Fasl./Fas and

SLE, investigating the
mechanisms and

targets of EGR2 in
SLE, and as an
animal model of
neuropsychiatric
lupus

methylation and
inhibit the interferon
signalling pathway[x]

SLE; DNT cells,
enlarged lymph
nodes, splenomegaly
rare in
human lupus
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il BRI (] KL FERY N AL AL JarFR
Model  Discovery time Mechanisms Main outcome Application Treatment mechanisms Limitations
WS¢ TLR7 3K &)y SLE
B KA il TLRT 36
K ;ﬁiﬂﬁfﬂ BTK 401 LT
Vo MCEHBON  smpbb ki, GRS SRR FR
HEPHE TLR7 3% pREREhS2E 1 ANA padB 4t SLE W W 1C YURURI A' . .
L . N e O e 5
. ik, 55 IFN 7 T ¥t dsDNA $i L ikl TLR {55 v N
BXSB/Mpl ) s 1 19) 1 Tnvestigation of fegl10] FEARRE S B A
JNER o . . . TLR7-driven SLE C RGO KRG
70 LA Main Yaa-related Proliferative X BTK inhibitors block K
BXSB/MpJ R R . mechanism and the R Male dominance
. Late 1970s pathogenic gene is glomerulonephritis ffoct of inhibition of FcR activation, does not reflect
mee TLR7 overexpression, lymphoid hyperplasia etiec .0 tnnbtion o reduce IC deposition 068 not retiec
Lo . TLR7 in the treatment S human SLE
which induces and ANA T _anti- of SLE and the and inhibit TLR
IFN production'()] dsDNA 1 pathogenic role of signalling in immune
i > ) . 10]
plasma cell inhibitory cell populations
receptor Gp49B
in SLE
WA H 259
8 SLE HRi ) fEH
PV R SR AR IE )
YIB! W5 T 44
M5 H B e g
S NERE & . OCR TR
. ) SRR A A i g -
A T IR Rt N v ol RS T e
N R B TheAl e Tobt d SNX 5. Sudy of = *h ’ WA A, T semb R K e
WL %44 L SPNATL - Study of metabolism= g 1 4 g HIXE A g
Hich i Lz suppressing drugs in W qp 12 L imental
TC /MR 2007 4 1g' mmune Fatal SLE, as an animal T ong e).(perlmen a
. metabolism; IL-6 and - . . Metabolic inhibitors period and
TC mice 2007 year . glomerulonephritis, model of chronic e L . .
IFN overexpression inhibit activation of relatively

and spontaneous
expansion of Tth cells

proteinuria 1 s
splenomegaly, hair

cutaneous lupus,
study of the

targeted T cells by
blocking glucose

uncontrollable
process

ANA and anti-
dsDNA 1

loss, skin ulcers,

relationship between
Tth cells and
autoimmune diseases,
and study of the
expression profile of

metabolism! %/

IFN in lupus mice
prior to the onset

of disease! !

T Jte. (R

Note. 1. Increase. (The same in the following tables)
MaDyREIGR 53 2% . TR E R I TS KRR R
SRS 9 K M PEIRAE LT ANA HUAR HL dsDNA
Fhvar, B ] WA B 5 W DT B A R A A
TERL, /NEL S ~ 6 8 B LR i bk A A5 B
10~12 AT E\ILT, 5§ SLE & H X
MRL/Ipr F1 BXSB/ Yaa /NRARZAIA[F] ,NZB/NZW F1
NG ZEXT S RNA R AV A SGPuk ™ f
F5E FBH AR /N B 2 SE R, 2 /R 1 5 e
AR Slela 16 1c LR 248 FEOL A HHifk ™
A, Sleld , FCgr2b 3&H 5 B /NER 'S 9 K A 5%,
Sle2 . Sle3 Sle5 3 [F 5 7% 5 bk B 41 At 348 7 AR OC 10
B RO M BRI R SO RIS
TR AR e 2 ok U PRI ME A A B Bt L B R
RGN
1.2 % MRL/Ipr /MR

[ R H FH ) SLE AR EM: SPF 2% MRL/1pr

ANER, IR R B o A M B )RR, 1978 A
MURPHY %7 # 57 i A AL J& C3H/HeDi, LG/J .
AKR/J F1 C57BL/6]J i F /NS HE 2 12 ARRT & 4
H &I H BEOR (19 S Qi) PSR ™ A 1,
JFHE NZB/NZW F1 /NI B R R 57 3]
BERm T CD9S Z M (Fas) Je— R F LS A
ZARJE T IR KL R 32 4K (TNF-R ) 5%, 76 5 5
BCAA FasL #H BV FH B 75 5 40 B b s 08 T, e 98 1
B.T 4l Ay A FEEEAER, si R&/AVR 19
SYER fpr SR RAFMAE T Fas R T
Fas 5 S BE , SBOCM M T~ B b, T 5 | S A ik
EL 200 B S 1, 7 A 5 NS SLE AL R S0 B
Bk B AT Fas {555 S B I A 2K
A SLE KRAEK R, Wije T8 A Stk e 4
AU A 25 A fE ( autoimmune lymphoproliferative
syndrome , ALPS) 20 E AR N BRI R R 5N
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KNI WA, EERBUON IR EE
R R IEEZ AN 0 E/NERE R IF H R
LA Bl 2R SRR AT R 24 AR | i ANA 4T
& $T dsDNA Hi ssDNA Fl Sm Hifk B2 7272
PR , EGR2 ik m#i ik b5 NIt 5
Bt 1P H R B EGR2 15 A HI/IN BUR Y 41 ity
T I I R CD4 T 4 IFN-y iY77
A= 00 AR T AR /N BRUBE AL, MRL-Ipr /)N BUZE 5
Ji BT EGR2 mRNA kK2 i, 75 14 ~ 15
JE IS CD4 T 4Ufh EGR2 2635 W& 1 hn, (<41
il EGR2 798 MRL-lpr R4 /NERUBL CD4 T 4 g
TFNy B7=AE7 RIEBR AR SLE i sl 75 Fn
2 SLE 95 R If-PFAl v6 7 AR AL 38 AT A S BF 5T
EGR2 7E/INEURIE T 40 v 9 2238 A1 98 i 915 1
AR 2290 SR VR R, AR
1.3 BXSB/MpJ /MR

BXSB/MpJ /N2 i C57BL/6) M FUFT SB/Le
MR E R B M ELLE s R, T 20 22 70 448
Jer iR B0 Ha A s LER AR B I 2 e S I
SR Y YL fRAFAE S IR [ B e S R, Bk
M Yaa B 1 X Jetafhuihiing Y Gt ik iy 2 (e
B, SR EA 16 MIEEMEE S F e &
b H L, N2 E R, T 100% 1Y BXSB/
MpJ /NERUR T A R AE FERE AR, A 45 4k M ik 1 41 21
e JEEPERG TR B NER B R AL AR 2 | =
PSR ER 25 1 I AE | I3 ANA PUAR ., BT dsDNA | $T
ssDNA Biik T, etk /N RO Y A 2 2R 5
A MNP A AE I R 14 A H FEBEH
ST PE B NERE R AT T SLE SR IR &R bl
il L A B G e P 1 e e R T R E 6 DL AR
Y7 SLE 254 i) 25 30 5 LA B JEE A 34 B A 1 /DN ok
B AR AR BN L R SR A G R 5
I R S e M B R R e ELORR A T, S
JiE SLE AR 7 P A 0 1 A 5, 5N R &
R LA I
1.4 B6.NZMSlel/2/3 /MR ( #EFR TC /MR

TC /N J& 1 CS7TBL/6 (i FR B6) /N L5 IR &
NZM2410 /NRZ A2 28 J5 #Er 2l G st e 1 [ &
PRI/, & C5TBL/6 Rl JR /N, Hi ik 3 MR
I T AV 55, ( Slel , Sle2, Sle3) 373 | BIF5T & IR 2 i
T TC /N FUAR AR 2 1R 40 M = A2 v K OF- 1Y TL-6
IFN-y, 330 B 40 i K & 36 1k, 7= AR 8wtk A B9t
A 51 R A R AR, A 46 ™ R M R R

dsDNA HUfRFF 0 5T R I, 1205 /N B
40 JEIE T et MG B R B R 35 2 S IR, ELBE A A
ik D NIEN g SR Sty | I O E N RN =S /IR Y
SRR R B BB 98 T Y LB JRAFAE R
AR TE, F R TC /N B B2k 22 5
H S A B BUICR, L, 2% TC /N Bk A
J BF 5T Ko kAU 21 BE AR M ( cutaneous lupus
erythematosus , CLE ) &SR HLELFIE 25 WG T7 1Y sh s
UL AR SR R SRR AR AT 4%

2 FEEIREEE

UEAESR , ATTEESE T i AN 505 & R B
MY 55 &R /N BUR L B R T B T
SEH, HAF & /I BB R AR A1, A P R A b A
4 SLE M1l RFFAE , [ 5 A28 SLE B35 F1 NZB x
NZW F1 #E8— AN 5075 5 00 AR 0 ol 4 o
U AEMEPE o ™ 8 {H AR5 I R R AT 1Y
A — S0Pk X583 1 S AR N S I A R A
RERER, # 2 B TSR SRR L R
BL 2RI BRI B0 oL SRR
2.1 HEAmFEEREERES SLE /NRER

H LA BALB/c i F/NEAE B2 0 4, LU B
I A( concanavalin A, ConA) {EALBYIT A £/ BRI
IR B A0 A A P e e [ 2R /N R BRI, TE Ak
Ik E 2 A7 42 DNA ( ALD-DNA ) 7] B 5l [ s 400 i
] M2b Hefk, P2 A RGN FIFE S RAEDT, 42
NHAE SLE Kl B R EEZEEH, RN
FURIEHEREAR 2RI B /NERE 2 B DIRE T %
KRR, MEPL dsDNA PLik Przpiik 10-17 T+
A ERE A WL ELARE S WU T E 4
AU SR AN TL-17 Rk K 5
Fe B e BT B AR S IR OE T O A A ]
VTIN % B SR & (10 i IR 5 T =1
A BT Bh A 2 L ConA T4 DL K B R[] 22 5 1R
K, T P s i T S B, S R R 5
2.2 Pristane S/ RIEE

%) BALB/c /)Nl 8 C57BL/6 /) Bl 32 3 %
%, FEAE S (pristane ) & H 54 BE (1 b5k , AR AL
il ST, 2R FH— R B s 1 58 0. 5 mL FAE b il
7 SLE BLAY | AL BEAR bt v] 75 7 25 G 0 1R 26
i B 7 FR) 24 i A 5 200 R R s A9 5 I 4 e 53
1L-6 540 R 7, I vl 3l SRR 72805 5 1 s
YR T A F SR, RS2 T B 1A



o SEIG B4R 2024 4F 11 A% 32 %55 11 8] Acta Lab Anim Sci Sin, November 2024, Vol. 32, No. 11

1497

x2
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Table 2 Characteristics and application of animal models of induced lupus

A R IR S AL FEFRY IO B R HLH JABR
Model  Discovery time Mechanisms Main outcome Application Treatment mechanisms Limitations
(i) 32 J5 T~ 41 HE Y 240
4% 13 o 98 15 SLE
/N BRI I I A4 i e 48
WAl 3 BOK 2% i SLE
FeE X 2% EVs 1
G&E'Dg%ﬁ% f'ﬂf& RS0 B WEANIAR 450 0 2004 ) T4 2
e 4 AN MO sy o I SLE AR, mling SLE b
R q,‘y’?ﬂﬁ”;ﬁ VUEER T, 4 Bl A g ConA 74 LI J%
J% %‘TE';K 19 % Al II)”/DNAJ'{ d dsDNA  J #t #% Hi il 7 Extracellular vesicles R R R 22
v y - mnduces A1 Investigating the role of mesenchymal stem LN
Lymphocyte End of the macrophage

activated
chromatin
induction

Pristane
i

Pristane

1994 4F:
1994 year
induced

7] 5 14
JIF 44 B B
EH/ R
SR
sl
Rabbit

model of

21 4y
Early 21st
century

immunoin-
duction

by allogeneic
hepatic
cytoplasmic
proteins/
peptides

4
aES o %‘éw

CJ induced

Early 1990s

19th century

polarisation towards
M2b and production
of inflammatory
cytokines disease
induced inflammation

IL-6 11 IFN- 33
Fik
IL-6 and IFN-a

overexpression

ARG 5
A& Pk BAFF K
ZRRILKT
Autoantibody
production induced by
alloantigen ; high
expression levels of

BAFF and its receptor

20 B A D A8 X
PR AT W/ A 4
FEMT 32 RZS, 55 A
By

Bacterial components
act as cross-antigens
to break immune
tolerance in mice and
induce

autoantibody
production

Glomerulonephritis,
renal function | ,
proteinuria T, anti-

dsDNA and ANA 1

BNER B, C
&, il 5, BT
dsDNA K #t # $t
%1
Glomerulonephritis,
arthritis, pulmonary
vasculitis, anti-

dsDNA and ANA T

B9, 1C A1 /D ERTL
B,EAR T, B
dsDNA Hifh 1
Nephritis, 1C
deposition in
glomerulus,
proteinuria T ,

anti-ds-DNA 1

B4, ANA FIHT ds-
DNA $ifhk 1
Nephritis, ANA and
anti-dsDNA 1

of macrophage
metabolic regulation
in SLE, e. g. glucose
metabolism

inhibition" ")

WRIKW IFN 5T F
IKTE SLE H LI
KAl OIFN 3R 97
SLE AR
Exploring the
mechanism of TFN
overexpression in SLE
and inhibition of TFN
in the treatment of
SLE

B 3 1% I G 98 I
SRR, AE S S 4T
b S W BAT R 38
LR 1 SLE %5 %5
RS AN & T
R R W BAFF il
%8 BAFF-R fiff

57 13)

Rabbits have a high
degree of
heterogeneity in
genetic and immune
responses, which
better reflects the
complexity of diseases
such as SLE with a
familial inheritance
pattern; suitable for
exploring blockade of
the BAFF pathway or
BAFF-R studies!*’

A2 T 2y
MARIEIRI TS
Mostly used
domestically in
studies of proprietary
Chinese medicines for
the treatment of lupus

cells alleviate SLE-
associated nephritis by
modulating macrophage
anti-inflammatory
polarisation phenotype
in SLE mice! , and
the immunosuppressive
effect of EVs could be a
potential avenue for cell-
free treatment of SLE

1 2 TFN 32 7K 45 50 5
i BT A 1R IFN (9
fFaies

Type I IFN receptor
antagonists inhibit all
type I IFN

signal transduction

BAFF B3¢ B 5T /K40 il
BAFF R 2% fit R &
SR )

BAFF monoclonal
antibody inhibits BAFF
to relieve lupus

symptoms (3]

Wide variation in
ConA dose and
moulding time

LS W
FEMRA AT H 5%
Slow-acting ;
relatively mild
lupus symptoms

AMEERK
Large
individual
variations

B A At Rf R
(i8] %

Short duration of
model
maintenance
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gR2
A BN [ AL FERY N H] A AL JRIBR
Model  Discovery time Mechanisms Main outcome Application Treatment mechanisms Limitations
P 7k - TAT .
PRI RS W | R BRI TLRA 55 TAT-CLs-DHA/SRNA
TNFoo 11-6 %5 9 pe |+ 1C DUBUT ¥ /b Bl i Ji 7 SLE PRI T TLR4 {ﬁzlﬁﬁ%
P S W R TN LR g 4 i ot
< W E A -~ . S b
PSS 20 lﬂ!ﬂ LPS induces massive dsDNAl‘}ILM': 1 E*bem'gv the effects e ' [] J . .
LPS 90 AL H) ! £ NF-xB and Renal function | N of inhibiting the TAT-CLs-DHA/siRNA Short duration of
induced Early 1990s Fef{-,‘ase (')l KD an proteinuria T, IC TLR4 signal blocks NF-kB and pro- model
1ntal:r.1 matory b deposition in transduction pathway inflammatory factor maintenance
;‘}II\I;‘—S‘J:HZU;L—ESIJ glomeruli anti-Sm and  for the treatment activity in the TLR4
bindine 1o pLRa | anti-dsDNA T of SLE signalling pathway *"
g .
A B7 $ 0 50 90 57/
s S AL T 4 i T e
N 4 I g‘fg;‘}t%ﬁ%ﬁ CD28 3t il {5 7 i
CGVHD 1 B A ANAHL g gy e O IV ODAT I U I S
g 5 dsDNA FHE Sm $1 =5 5 ot ISR O T NS I S = W %1 i
J /N B T 40 A T B9 12 JAJT SLE % 0
e pmmmmeRm A1 oo o s T IR
GVHD 1968 4F T cell-mediated Glomerulonephritis th hani T B7 antibody inhibits the  Severe lupus
Co 1968 year cetrmediate and lymphoid ¢ mechamsm o B7/CD28 co-stimulatory  nephritis with
lupus-like chronic graft-versus- . . cell-driven SLE and . . .
mouse host response proliferation, ANA | the inhibition of signalling pathway to relatively
anti-dsDNA and anti- . suppress CD4T cell mild other
model chronic graft-versus-

Sm 1

activation and lupus symptoms
autoantibody

[41]

host response for the

treatment of SLE .
production

L PR, (F&RRA)

Note. | . Decrease. (The same in the following tables)

WAL LA = F B, R BF R A Ly6C A%
77 Az R R Y TFN-ou, TFN-o0 7] DA HEAR 50K 41 D
(DC 4 ) B T T i e f 37, i — 2D TG Ak A
B NYE T B 40, e 2 H BLAH 2U88 1 1 A AE 4
it RN BRI A B A IR 2 Bk 28 K
PERATR B IRLLBE B I E B IR AR /NER B R
ML ANA i fK . $i-dsDNA ik K 5t Sm Hidk
TFN-o Fhimr, B 9 B AT 0L /NER TeG 2 TR
/N5 A2 SLE &t il — 3, alsd ot TR
A P S O T A R I R R B T R
B 4 if55 1% 3 R B S SLE, IFN /7™ A XF %
IR R O T RE AR AT A R 2 A
) — A RAF B R, fE A RS AR | 230 A BT 2L
SRATG B A A7 B | 3 B B T 23 8, T S A AR
SLE P fiff e Ay | b 2 i — ] DABEHL SLE £ 1
P IEN S FTR /N B AY , fife ai. SEABEINT TR | S5
JAK 55 6 ~ 8 MHARRIE R I IVIETEE K .
2.3 EAMBREHARRERFSRIER
ARG Z AR5, B AL 2 DL S AR i
S A A BB ) b S A M R SRR R
B, IRIEFERE R R IR ISP dsDNA BT sm/nRNP
o m B DRe R R R R AR (R
RLTBE R 7 ) A, HR RO R R T T fE S
w G IR RIS & B 5 A28 SLE BE AL, 2
PRIV R 2 20055 B4 3 B0 ()R X R 43 B
SRR L B B 0] UL G e AW 106G TUBLF /1N

BRSO AR AT S A R 2R AR AR
PErm R R FE T 2K, AT H LLBESE SLE & s AL
il S H B e e B RS, Bk SRR T IS &R, A
PR 22 AR S R T I Ry o D 2% i e 1K i 72 W
W, (H Bz Bk e g 21 Ak R WLB W 1gG Ry S 1
DU,
2.4 THTHEFS/NRER

PL BALB/c /N B Z i 0 &, =5 g & il #
( Campylobacter jejuni, CJ) & — Fjr N\ 2 3 58955 9 it
W, R AL 2= 1 25 Ml A1 ( CJ-S131) 5 i [R5
24k ( Freunds complete adjuvant, FCA ) J&Y /N R,
CJ-S131 BA 5L B &bl A U Bl R 47, 40
LR R 58 AR e AR, 7 A B, B R —
RN GPE RN, T 4 ML T Ak J5 38 3 55 B i AR 4l B B
YL 22 v RS, 1R A S HUAR I A AR C-
S131 FTE /N B G g it 32 AR A0 B/ RUE
BCEA SRR RS AR | AR R RE IR e A 1L
ANA Fifk Bt ds-DNA i ss-DNA FIAE A EH &
PUART: B DA S R R A B R
B/ NERIPR, B /INER 2R S 5L 0 4 2 | 5% 1R 40
VR /N K R A M S S R B A
fimi :CI-S131 5 FCA i1 SLE /N A 5 A8
SLE AHAME 5 | S50 F W 23 2 A7 VIO RRE .
s AR AERFIN R B8, 27 35 ~ 40 d, IL/E H &
UK 25 TR, AT 38 2o 38 0 692 RN BUBOR $OR 12
KATAY ) AR ]
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2.5 JE% #E (Lipopolysaccharide, LPS) if &% IR
HEE

%) BALB/c 5{ MRL/lpr /N HZ ik ¥ £, &
SO R A M ) LPS 2 5 2 [ B M T 4 i B 22
W4y AEN TLR4 MBCIK, /5 TLR4 HIEN 1155
M, T Sh A G TS S i e, |
FH TNF-a | IL-6 554 9E KRB, S8 B AH A
THRERG Y, 457 Lk i &R /N BRI
RS LPS,2 ~ 4 J&J5 s BP AT £ 4t Sm Bk bt
dsDNA FHi B DI ae 5 5 S R, B R AT O
PEZ YV B/NERD Mk .y R | 1A
[ | AL Ty % i, T P IR ARSE SLE &
BURI BABTT 5 58 o s TR GERR I (1] 35
2.6 BHEBEYITE TS (chronic graft-versus-
host disease,cGVHD ) IR & &/ R =R

H A2 R 1) JE R R AN R AU CD4 T
WREL AT AR FL/NERAR A 742 cGVHD /&
FE 1968 4R LEWIS 457 gy Se g 7 1y, B AL fif FH 11
it 2 DBA/2 /MR EL BLAB/c /N, 32 5 W
WPE DBA/2 FMENE CS7TBL/10 HYZRAS F1AC m e 1
BLAB/c /N FIHEME A/T /NERZR3E FL AR, KL
PRI ] EZ A LA MR A9 (major
histocompatibility complex, MHC ) B#R A, 5
pristane W EE—AF ,ﬁ%*ﬁﬂﬁ%gﬁ‘{k(fgi
P RN AT 75 SR AE LR G L 4G MLV ANA |
Bt dsDNA FI1HT Sm B 5 U 4K F m AR 9 PE
KU B RN R E RS
(i) i S A % AL 200 1% 50 AR G T L 3 % e 2R AR
SRR A BB R Ay T SR R A4 R
fE s MRz E kALY PiE £
AN SRR G W% ¢ A i I P o7
JE 10 ~ 14 d BEnpAsm 2] 5 o, e oAb
A A MARAEEIRI | AH [5] B9 26 ] e T 2 A 5 4
FBBAA G, BLAk, TR T 4 M 28 5 T
RN 3G | R I B AT AE X 25 e 0k i =K A0 AR UR
£ DN AT UK 5% 45 R A& Ui X (3544 R 78 3 40 i 1) 52
it Bl SR R BREE 2

3 NBEWIRE/NREE

H T, A E SLE AJRAL /N BRUBERY Y 7 vk A
PR AR S0 JE 51> 4% 20 B ( peripheral blood
mononuclear cells, PBMCs ) B¢ #b J& IfiL ¥ B 40 iy
( peripheral blood lymphocyte, PBLs) M SLE 3 #%

3 B OE S G G ( server combined immune-
deficiency, SCID ) /N B, B f A & I + 40 M
(haematopoietic stem cells, HSCs ) 5% 5% 21| G BE B /)N
B I SR RS N VR BT pristane 15 SR, SEBLA
VR J3E 7 G0 AF S 2 il I /D BRUIY o 1 Horp
PBLs 8, PBMCs AJEAL/IN BB Y )32 BT, i
RYA] LA E] dsDNA RNP Bt La P00k, BB LT b
WFFEN T AMiAE SLE At fEdfi (B SLE
AR 22 AT P BUR B S 40— Bk 25 Hz i iy
B NK I 22 20 i 0 @R T AN AR T SLE
B PBLs/PBMCs R S 2 Bk I /) Bl 75 75 4
JiJG B RFET:, HoAsan A A2 R ] AR T B R 805
TR Ty SN BB | 3 ] BB T BOWL R BR YT I 1]
g BT R, R AR M PBMC ()
oL B /N AT A, B AR AR IR 1 1 PBMC B
FA e OB T & B, 4 16 s R B
PBMCs HE A SBEBR /N, 7T L S — Pl i) A IR
1k CLE /)RR HS | 3X 26/ [RAE B3 19 UVB BRES T
RAARIERE FE R A2, HARIE Bz Tk e B L 8 3R 1Y
N IL-21, X 88 AJRPE TL-21 2 i K5 76 5K 3 4F i
K B 4l (age-associated B cells, ABCs ) 7346 H e
FEVEH, AR {EE CD11b FFE 5T T-bet (3%
Ko RS TR R B IR AR I A LA B 1] A
PEVRIT M FE AL 5T % | HSCs-pristane A JE AL/
FRUBTAL S T R A AR o R e it 12 Jal Il
W KO (42.1%) , AU R E KT
o, LA I (82. 8% ) | M A8 ML L 25 ( 97. 4% ) MU
(89.0%) ., WIS, pristane M B S5 12 ~ 13 J&
1A IR HSCs /INER A i/ R P9 R CD4 il
CD8 T 4HML B0 , 77 A H S bt m {2 2 4u i A -
K ) N\ A€ 2K 2 1 (immunoglobulin, 1g) G il IgM
ARSI B S5 (Blanst dsDNA $iik fidl &
FIHLIR BT RNPT0 HTMAHT SM BLiR) THim , i3 A1
JESHE VR PR R A0 AR (2 TFN-y (118 | 11-6 |
MCP-1) B LA K- 2 3 T, HARIE AR R B ™
SR R SR 58 | B2 52 B W AE /N BR
H DB I 40 T R T A A SLE
SEE G R RRAE S T 45 4 952 4 i 1 AR B A
FH 2B B /N BURAE B (H IR D it
FAEAEALIE FH T A28 SLE $E [n] G588 97 ¥ 0 JF &
FIVEAR Y ALBIFTE | S N A S 8 1 ) A PO BE 5 i 3
RE, R AR RCRAR M B Bt 3R 3 B4h
T N4 SLE /INRBIREE J7 30 45 i T B I
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Table 3 Characteristics and application of humanised lupus mice

g PBMCs/PBLs AJEAL/IMR HSCs-pristane A E AL/
Model PBMCs/PBLs humanized mouse model HSCs-pristane humanized mouse model
KB TR 20 22 90 4EFUA 21 22 10 4E40H)
Discovery time Late 1990s Early 21st century decade

Fyd g

Construction

FERH

Main outcome

¥ SLE 419 PBMCs/PBLs B A F SCID /ML
PBLs/PBMCs from patients with SLE
were transplants into SCID mice

PR 28 B R T, 50 dsDNA T

Glomerulonephritis, proteinuria T | anti-dsDNA T

REAR B3 ML, REAB 7 AR X AT B, S AREE /Y T AR R A

N HSCs A2 5 SCID /NS I, SR I 7 S
pristane R

Human HSCs were injected intravenously into SCID mice,

followed by intraperitoneal injection of pristane induced lupus

ANA T ds-DNA Hidk 1, SR AR TR T |
AR S5
ANA, anti-dsDNA antibody 1 ,elevated levels of pro-inflammatory
cytokines, proteinuria, lung injury

ZRE MMM LT L5 T.B R NK 4 ;
I/ GVHD s F i Af He A (10 ~ 12 )

9"
A 117!:5? Easy access to samples, relatively simple transplantation Multi-lineage haematopoietic cell development, including T, B,
vantage method, efficient and stable T-cell transplantation myeloid and NK cells; reduction of GVHD;
longer lifespan comparison (10 ~ 12 weeks)
i FFIRSEHT A S PR FPUIE 5 AR F7E SLE i igy7 3, Blandt ANX A1 Hrik ) MDSCs 5 Arg-1,
N . - Ny . N ]
ol HLA DNA B TUBEU DRI K B 1L-6 85 e s o
pp Used to study the efficacy of anti-autoantibodies and anti-pro-inflammatory cytokines in SLE, e. g. anti-ANX Al antibodies,
targeting MDSCs or Arg-1, anti-human DNA-like chimeric antibodies, hCDR1 peptide, anti-IL-6 monoclonal antibodies, etc. Lo4]
Bz NK HIHA SR 40 A 7T B & GVHD; K
TEST AR 2 330 EBV HISCAY I AL U A
R AL, PRI 4 R et REAA A B 5 /NSRBI FE AN AT B A, (AT
Limitati Lack of NK and other immune cells; may induce GVHD; Limited sample sources; non-reproducibility of mouse
ratons large amounts of injected human cells can lead to EBV- studies with different donors
associated lymphoid tissue hyperplasia; short lifespan, with
death occurring after an average of 4 weeks after transplantation
R4 WIS DI RR D B Sl PR
Table 4 Summary of common lupus knockout mouse animal models
R B EUTTES I PR B N
Model Mechanisms Breed strains Clinical manifestation Application
TLR7 5545 MyD88 Jf i iof ¥ iif
2 ] ) . N N
T rvasait 5 P TLRTY264H %6 b
TV A B T 072 Al Lok MRL/pe  ABCS AMLIRRL 0w A #R5R TLRT/MyDSS i ) i )
r TLR7 r(;cruits MyD88 and initiates /T\&[L ) ' FRPORAEAR 2 2 1 SLE IR
TLR7™/ ~ 170772 Y » Knockout TLR7Y264H mutant mice  Exploring  the efficacy  of

STING—/ - [73-74]

pp-1H~7 7!

a signalling cascade through
activation of interferon regulatory
factor 7 and NF-kB to drive IFN
and

inflammatory cytokine

production, respectively

TR Bk 2 B B ir ik
IFN {5 5 7 5 A0 3 B G 4
Interferon gene deletion leads to
IFN

autoimmune inflammation

persistent signalling  and

PD-1H s 41 R0l T 401132
AR 545 5 Rl T b Mk 2
JHSRTISIE A0 i Ao A AR 20 7 A
A 58 0L A 5, F 4 TFN-oc

PD-1H agonism T-cell

receptor signalling and reduces the

inhibits
production  of  pro-inflammatory
cytokines, including IFN-a, by
neutrophils  and  plasmacytoid

dendritic cells (pDC)

TLR7Y264H mutant
MRL/

mice  or
Ipr mice

MRL/Tpr /MR
MRL/lpr mice

B6 /MR

B6 mice

have significantly reduced numbers
of ABCs cells and significant lupus-
like disease symptoms

STING B 49/ U 2 1 AR A8/
FRBARL A R A FERE IR R B, H/DN
FR i A ol 4
STING-deficient

the manifestation of

mice exacerbate
lupus-like
symptoms in a mouse model of
significantly

lupus and have a

shorter lifespan

B6 PD-1H BB /N Rl & Ry 2K
LT ARA 0 1 S B JR T 4 B
FI B VP

B6 PD-1H-deficient mice develop a
spontaneous cutaneous and systemic
autoimmune disease similar to lupus

TLR7/MyD88 axis inhibitors
in SLE

WFFET I 3R 2 9 1A
9 SLE IR H YRR
Investigating interferon gene-
stimulating factor as a new
target for SLE treatment

k%8 PD-1H S 5HI1E 67T
B N Z G2k AR A B ¥
Investigating PD-1H agonists
as potential targets for the
and

treatment  of  skin

systemic lupus
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i B s Al 2R Il R B N H]
Model Mechanisms Breed strains Clinical manifestation Application
CD38 it i P i L4 240 6l 4z i
S LRI N R N S Y B0 B
JEIRT 240 M D T AR A T R CD38 fife Z {fi Bo A W 2 38t 1% 95 5t
P G BE AN A R R T BRI 5 7 A H B S,
BEANMI A4 FE R T RN T A B B e e i 5t/ BFSE CD38 ST H iR X SLE
CD38 triggers signalling cascades lpr /N B C57BL/  BUR AL AU ARAE FEREAR R B BEEAEIRI TR
cp3g-/ - [76-78] and intracellular calcium 6] /M CD38 deficiency predisposes animal  Investigating  the  potential
mobilisation through activation of lpr mice or C57BL/ models with no apparent genetic therapeutic effect of CD38-
lymphocytes and regulates 6] mice background to autoimmunity and  targeted antibodies in
apoptosis, proliferation and exacerbates lupus-like symptoms in ~ SLE patients
production  of  cytokines  and background mouse models with

chemokines, as well as regulating
proliferation,  differentiation and
apoptosis of immune cells

autoimmune predisposition

4 EEFEBRIRE /R

I 12255 2 1) Jot 5 1 5k A ) 50 o 4 A2 48 B
J& VL BE B K Cre/loxp &R 4t CRISPR/Cas9 LA f
TP901-1/att A N HERH ) 26 A PERE DA R, A
TERTA 2HZ BE A 1Y 2H 2Ll 40 A v i B o o BRI
Ao A 2 i 3t A2 A 1 A TR B 5 B R PR T
o3 A JE TP B P, AT B 9 PR ok 2 5K R IR IS ML A
P18 A 02 07 L KRR (AT 7 s Rl 2
RSO SR EY B, 3% 4 28 LA H FiE WA TR AR
FEDR A/ AT

5 NG

SRR A SLE & ML AFF 52 F0 5 25 10 7F &
it T E KSR (H SLE SRt B L R S s B
A2 2% B S E ML, 1R 18] 9 36 7 AT LA AS T) A /0N B
BRA = AN R R B2 ], PR LR ) 1T A2 SLE # )i
JFIRIR, H 20 22 50 4EAR LIS JAYT SLE 337
PRI 2 25— B AR R 2 A il 77l
GaRERD I O AR A S A A h kA7 T DK, R
[ 2013 4E3 , & TI497 SLE #r25%), (U4 BAFF i
seREPUIAR (DAL RT) | T BT R 2 R HS P
(BT A e 5Bt ) Ao AL 45 O B iR e 4 6
(voclosporin fK 1 71 2 ) 3K 15 FDA it #fE #F A 17
B P RS TOIAYT ik B SLE B T
JEATRAR 22 . IR M B 9 X SLE & 5 HL A B fige
BT G R 25 9 1) F K o AR S I Al 1 v S 25
TRUOS T TR AR IR AT /N B I R R AR A /N
SR | AT AT A AR DL A 2K SLE , 58 A2 SLE
AR YT S PR T TR, 5 — R
PIRAL S 55 N SLE A7 76 A FH AL e 4iF, 1]

Pristane 753/NEUAY IFN 323k, BAb, A — AR
HREPRAL TR AR AL AN R DT T, 2% B RSN
T ARIEAS R 58 B B9 BE B[R] A sh A A
ARG S BRI A AEVT 2 1 R BR 1, 75 AN W7 5
AP Sk T G b AT SULAR A FE T It A 1 R
PR T DL SR AR 25 W AE T AR 2 1 N S5 T 5t
riEHYE, B2, SLE /)N BUBLRDKE 24k 25 1% R iF 5T
SLE #4395 KU AL LA B2 & 8 ] SLE ¥ 75 AN Al 5
B —3R
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