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Construction of a severe asthma animal model
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[ Abstract] Objective To develop an animal model that replicates the clinical phenotype of severe asthma.
Methods Ovalbumin ( OVA) combined with TL-33 or varying doses of lipopolysaccharides ( LPS) was used to
explore the construction of a severe asthma mouse model. Established model animals were assessed for lung function,
number of inflammatory cells, and lung tissue pathology were assessed. Expression of key genes associated with severe
asthma identified from the GEO database were validated in the new model. Results Compared with OVA alone,
OVA combined with 1L-33 or 5 wg LPS significantly increased airway resistance and the number of inflammatory cells
in bronchoalveolar lavage fluid, and aggravated the pathological damage to lung tissues. The expression patterns of key
genes in the newly constructed severe asthma models were consistent with those observed in clinical patients with
severe asthma. Conclusions The modeling method of combining OVA with IL-33 or LPS (5 pg) can be used to
construct experimentalanimal models of severe asthma.
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I Wi 52 ) 42 BRORR 3 AC N\ B A B, HURRAIE J2
DA SE ST R R R B S 0T T e, 3R ] 2
SRR AN B T 0T 7Y E B B ( severe
asthma, SA) & XA FH R 5 2 W AP B2
FIMKAY B, Z AR SFHAAS FRAR B8R K
T IR YT LA SR o 1 2 45 I g i 2 A R
T SA X e R S 5% ~ 10% , HUE TP EL
REMASCEOR FSET - R B R E 22—, SA 1)
RPN FNE ST A H T i A 58 R 2 —
SIS PSR Shy 1 Wity ) L Atk AIF 5 B8 A T S
& 58 1y B W 3h Wy R R R Gl ok BR HE E A
(ovalbumin, OVA ) 5% 8 F 22 4§ ( house dust mite,
HDM ) SR £ | 2 BT R s 4l 3 2
i b R e, I RT SA B 3 B i £ h
(lipopolysaccharides , LPS) B¢ 25 WU B A i
B TR R ARECS OVA bRy ™ (HBlAE
1) SA FEALER T ARG —  ARESE 2 H I SA I
IRZFA, A5 AE OVA Bfgmy B Atk 2o
F147 % (interleukin, IL) -33 FIAS[E] ) & /) LPS &
TERADAN[R] S 1Y (14 5 E 6 B AP ™ AR, L)
S ST —Fh AR I ELAERS BB SA [ il R A
() S2 56 Zh LR Sl SA 1 &9 L B2 Bl i B 41t
A5 LA

1 #MR5HE

1.1
.11 SZshy

C57BL/6] HEME/INER, SPF 2,6 ~ 8 J&IiY, &
JEE 18 ~ 20 ¢, 342 H gl e H 474, W
T WL 4 38 ) A 52 56 Bl W) 5 R A PR 28 R [ SCXK
(#7)2024-0001] , 1% T v o = 25 K 2= e
HEBE B S sh ot [ SYXK (97) 2020-0009 ), 47l
TN B A6 A BB, AR 40% ~
50% JREEEHITE 22 ~ 23 °C, A Bk, 52
55 S Ak A B Sl A R R Y SR 4
v R 2 K A R A S B W A 5 BT S 5 B )
BRI 2% B 254tk (PZSHUTCM211115011)
1.2 EEH S

OVA V& (#t5:A5503, 1 [ ; Sigma) , OVA
II 2% (L5 . A5253, 114 F : Sigma ) , DNase | {H1{t
fif (L5 . 11284932001, 4 H : Roche ) , LPS (#t 5 .
15293, 14  ; Sigma ) , Z Bt H IH 58 ( methacholine ,

Mch) (it . A2251, 1 H :Sigma) , T 5 FH B B4R
(#It*5.21645-51-2, 1 [1 : CRODA ) , Liberase"" i
ALt (35 05401020001, 4 F : Roche ) , 17N FlL
CD11b-FITC (It 5 : 101205, 1 H ; Biolegend ) , $i
/N B SigleIF-APC ( #it 5. 155507, 14 H.
Biolegend) , Ly6G-eF450 (4lt5-; 48-5931-82, Il H .
Invitrogen ) , F480-PE-Cy7 (it 5 123113, J H :
Biolegend) , T [& 5 /i 714k} eFluor 780 (L5 :65-
0865-14, Il H : Invitrogen ) , $IiL /)N . CD45-ef506
( 50-112-4943, 1y H . Invitrogen ), 1L-33 ( HY-
P73210, 0 A : MCE) , TRIzol ( it 5. 99088701, It
H : Invitrogen ) , 135 % S 4055 65 14 (415 : RRO36A
I F : TaKaRa) , SYBR Green PCR Mix 77| & (It
45 :A5503, 4 H : Vazyme ) , FinePointe <18 FH JJ
RIS R A A R 4 (56 [ DSI 28 /) 5 i =X 41 g
ST (SEE DL B0 & 0 /) ) 5 a4 Ot EE T (bt
NIRRT ) 5 SERT 2 8 i PCR A ([ HE &
SR AR A FD )
1.2 FHik
1.2.1 OVA BRI HE X OVA BEA 1L-33 JiH &
Fgdt SA HiA

XTHRAH , S8 55 0.7 KRR 100 wL 0. 9% 1Y
NaCl 5475 s 3 S B0 26 14 116,18 .20 F122 K
P NRE TR E AT, 0.9% 1) NaCl 251k
30 min/d; 55 24 ~ 26 KIREE/DN G 4T 50 pl
PBS % 53 55 14 RIFIRZ T 50 wL (14 PBS ji% 53%
25 d,BR 1LIR,HE 1 h FHE TS RNEL
PRAE,

OVA 41, fESEEREE 0 Fll 7 KiEF7 R 100 pL
(1 mg/mL) Y OVA i Ji 7 5 47 30l 26 14
16,1820 A1 22 RK/NRE T2 H 4 71, H
3% OVA Ak 30 min/d; 55 24 ~ 26 KEREE/N KL
JE4F 50 pL(1 mg/mL) OVA &

OVA + IL-33 4, 7555 14 FIFUH L R B
I 25F 50 pL(2 mg/mL) BY 11-33 &g 42 5 d
(4500 ng) ,BFR 1K, AR S5 OVA ZS10TE
A 1 d 7547, e 1 h G EAL,
1.2.2 OVA BE4 LPS Ji Skt et SA 1A

OVA + LPS 1 ~ 4 41 7655 1.2 .3 Fl 14 Kk
it /N BUEF OVA 10 wg ATLPS(0.5.1.2.5 A5 pg)
IRT 50 wL 19 PBS ot/ BGEA T3 &1 100, 56 21
~ 27 RIFFER /N RUCE T B4, IR H 3%
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OVA %514k 60 min, AP T55 28 KA, i
AR 1,
1.2.3  Jfiyyagtain

e —IK OVA I3 48 h J5 #-A70FAd . /N
BV 19% 30 L bb 22 A RR I, 3903 < VT T s
AT S 5 BN BUBCE 7E DSI Buxco PRI AL F 4T
FRAE, IR RS 5 MR H %5 46 PBS Rl Mch
(0.3.125.6.25.12.5 1 25 mg/mL) %f /N il 17
TARAEWOR S e /N R AGE B 8 e
Irt
1.2.4  JiliyfadfE PE R 4R K int =Cka il

/N FUSE BRI DI REAS I )5 , 1 /D BRURR RS T
AR, AN BMOZ (7 R 2 15 R0 DY R, AR B G B 454
Jir DUV 25 6 v e MR B RS | M R A R 53
Bk, DAREE S O E WSS, il SRS
A 1 mL PBS, [a] B} 80% LA I i) BALF [RIi, [7]
i) BALF £E 2200 r/min 4 °C %F F &0 10
min, B0 5 FIERAAE-80 °C., I hiiE A
PBS H& , FEAIMDITE T INA R 10% FBS + 0. 2%

BD HIGR] , 7E 37 C T Al 4 he HEGE NS,
A ML IR CD45 ., Live, Ly6G ., CD11b, CDIlc,
SigleiF 1 F480 it 4 CHFHE 30 min, IC buffer [#]
€, EHLKI
1.2.5  JiiigH 40 Bt

52 IS MO DR VRIS K I BB /N BUA il
4% 2 TP RE 2 24 h, A8 U) R KE
M5, 347 I8 K -4 (HE) Masson DA M Bl i
(PAS)Befa,
1.2.6  SA BH ZFRIBRN

M GEO ﬁTEE‘:F(http;//www. ncbi. nlm. nih.
gov/geo) FHH &K “severe asthma” , /15T A LXK
L R I A R RS X GSE43696 , 12404 42
AL E 20 A% REFEAC AN 38 /N HEAE BE M FEAS , AR 4
W J5 P {H (adjusted P value) < 0.05 Al

| logFC | = 1 ffi 625 5 3£ K, ffi Ji DAVID

(https ://david. nciferf. gov/ ) X i 1% H f4) 22 S %k
R T 3L R ARRIS (gene oncology, GO) 43 HT Fl T
FREEH 5 ZL R4 H B2 15 (kyoto encyclopedia of

Bl1 aEsintk
Figure 1 Model establishment
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genes and genomes, KEGG ) il }§ & £ 0, 22
SR 5 A String B0E 2 A8 A D EAE M 4%
( protein-to-protein internet, PPI ), #% H 5 A
Cytoscape (3.9.0) , # 35 AR 4 B .0 P ( degree
DC ). 4 % " O " ( betweenness
centrality, BC) F1'E % H1.001 ( closeness centrality
CC) YR/ A1 s AT HE e 5 i 8 43 By, 38
T CytoHubba J {4 MCC ¥ HhHEA 1T 10 Y 5
PRI SR AiX 2 A
1.2.7 PCR A&

fil ] TRIzol 32 77 i B /DN BUME 26 21 19 8
RNA, Z J5 it FH 30 5 5i i 3] &5 300 5% 5% il ¢DNA
SEH PCR XH] SYBR Green 47 PCR 5285, %
FH 2738 TR Bl SR R A K I —1k, 5 N
Z: GAPDH {EX L5 T 2 % H, A LIYF
N 1 Ui,

centrality,

x1 519755
Table 1 Primer sequence
FEH FI(5°-3)
Gene Sequence(5°-3")
Candh F:AGGTCGGAGTCAACGGATTTG
P R:TCTAAACCATGTAGTTGAGGTCA
- F:GAGACAGAGCTAAGGAAGCTGA
i R:ACGGGGATTTTCACGTTCTCC
By F:TCATACTTCGGTTGCATGAAGG
oy R:ACACCTGGGTAGGCCAAGTT
Ganf F:GCCGGACGGGACTCTAAGAT
a R:CGTCATCAAACTGGTCAGGATAA
enel F:CCCCTACTCATCCCGCTAC
ne R:TGTTCACGATGGGGTTGAAGC
Gud F:GGAGGCCAATTCCCCTGAG
>y R.TCATTTTGATGTACGGGTCAGAG
ol F: AAGAGCGGCGTATGTCTGTG
: R:CATCCAGCCCATGTAGTCCC
Komad F.CGGGAGAGACTCGCTCACT
ona R:CACGGCTACCTTGAGGATCAT
Komal F:GAGAATGCGGACGAGGCTTC
ana R:CCGGAGATGTTGATTACTACGC
Nk F:CTGGGGCTTATGCCTGCTG
" R:AGGCTCAGTACACCAAATCCTA
6 F:CTGCAAGAGACTTCCATCCAG

R:AGTGGTATAGACAGGTCTGTTGG

1.3 FHitZESH

KM GraphPad Prism 8. 0.2 #E4748 314347,
SERDSEME + bRifE2E (v £ 5) FRon, P4
B NPT REAS ¢ K3y, Z2 4 1) U BCR HT R IR R
D5 225081, LA P < 0.05 N5 BA B3,

2 H#R

2.1 SREREITH

SR X A0 16 A A 000 /) F it 96 3 Pk R v 1
RAVEARML, M OVA 2H,0VA + 1L-33 40 K2 OVA
+ LPS 4 41 Y5 R I 25 4G T i 6 78 35 VR 9% i 440 e
MEL(P < 0.05), Hd OVA + LPS 4 4140 fifs 2%
IR BE B T OVA + IL-33 4, b4k, M4
OVA 4 ,0VA + TL-33 41 I 25 5 Jiin g i 47 41 ifd 7K
(P < 0.001 ) {H X Hp 1 7 48 i G B S5 52 e T
OVA + LPS ZH 3] f 2538 fin vh PRk 20 MoK F- (P
< 0.01) 5902 OVA + LPS 4 4 (K 2) .
2.2 KiEwRMETEH

/INESUIT T B A DN 45 SRR U . AH B OVA 4,
OVA + IL-33 41 )2 OVA + LPS ZH XML He & Mch ¥
JERUBMEE = (P < 0.05), 4 /IIA 12.5 mg/mL,
K 25 mg/mL I Mch 1 2y 8 vk B R I, A 45
OVA 4 ,0VA + IL-33 40 )2 OVA + LPS 4 /<&
P B ETE (P < 0.05),0VA + IL-33 H 5
OVA + LPS 4 ML TE R EEZER (E3),
2.3 HAREZESH

HE 40 052 /N BRI 2H 22 9% i 40 i 32 1 ( &
4) o Xt B ZH /I B Stz A4 R il 96 485 ) 775 AT , A 7R 4
/IR 4 E 20 B S 32 e 8 40 Sl A T LA o
IR B a2, MR RAl OVA M4,
OVA + IL-33 ZH % OVA + LPS 2/ EL 48 SE 4i 5
THHERE(P <0.05), HKEE LPS ¥ THE,
G A0 I ) S i 2H £ R T e 4 405 B R ., L
OVA + LPS 4 4 RAE A iz e e ™5, PAS 4
VAT B FE IS DL (L S) |, #HE OVA 41,
OVA + IL-33 41 }% OVA + LPS 4 4/NEVSE b 1
PR 20 i PN B o0 W6 B f2. 35 (P < 0. 05) , Masson
PRSI T 1A i I TR, FH O s g <3 HE
TEOL(E 6) , 25 R R BIHIE OVA 41, 0VA + 11-33
K OVA + LPS A GEANA R RIS 2 (P <
0.01) , HBf LPS #e B, B 88 (U0 AR o Eb 3

Z(P<0.01),
2.4 SA BEERRIBEARERRIEIERARE
HEESN

X} GSE43696 1 20 4™ IE # FEA K& 38 4~ SA
FEAS i 47 22 5 3 3k 3 B 0 v ( differential
expression analysis, DEG) SR 137 22 R
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A BALF 0 SRE AN I (BRI B TR A 0 i | g rp MR 0 ) 5 B 3 R I3 A R S IR AR |G, P < 0,05, P < 0.01,
P < 0.001, " P < 0.0001;5 OVA #HAHIL, *P < 0.05,"P < 0.01,"™P < 0.001,"*P < 0.0001; 5 OVA + IL-33 ALt ,“P < 0.05,

&p < 0.01, %P < 0.0001, (TFEIR)

2 S B R A
Note. A. Number of inflammatory cells in BALF (total cells, eosinophils, neutrophils). B. Flow cytometry gating strategy. Compared with the
control group, " P < 0.05, * P <0.01, “ P <0.001, " P < 0.0001. Compared with OVA group, *P < 0.05, ¥P < 0.01, *P < 0.001,
P < 0.0001. Compared with OVA + IL-33 group, “P < 0.05, “*P < 0.01, ***“P < 0.0001. ( The same in the following figures)

Figure 2 Assessment of airway inflammation

JLE 44 A B ELRIFD 93 A R R (LR
2,18 7)  EHEAEMEASE 56 T KM 174 5%
M HRYE Cytohubba i fF 73 A T 43 HE 44 B 10 AYHX
A FE R 5350 o~ TL-6 i Y M 1 288 3% R (brain-
derived neurotrophic factor, BDNF) i J5it 2] ffd 5 11
2 H # I F ( glialcellline-derived neurotrophic
factor, GDNF ) B L s 1] 4% 38 16 WV X ik C il A
( potassium voltage-gated channel subfamily C,
KCNC) 1., & fih 45 & & H 4 ( synaptotagmin 4,
SYT4) AHEE Y 48 % ( cholecystokinin, CCK) | £ H,
1) 42838 1 22 15 v B0 vl T 1) 45 00 1 X0 A

51 ( potassium voltage-gated channel subfamily A

member, KCNA )4 KCNA1 1 48 37 52 IR 4% R iR
P4 23 % ( neuro trophin receptor kinase 2, NTRK2)
FIE 2 1R 4 5 3% 7K 2 ( Erb-B2 receptor tyrosine
kinase 2, ERBB2) , GO 73#rft/n 2 3L AE )
ek R B R TS s RS
ESATIIE S YN i S SN s L ]
PR A0 N R o3 2 D 32 B R SO o 2 | 4
JIAh DX b S A0 R 1A 5 o 5 DU RETT
W 12585 5 b i S P 07 1) R ) 4 8 0
TETE P | S R g A S E S L 1 AR HS B
T IgE 454 BSE T45 4%, KEGG 45 R
P R AT TG PE AR 2 AR B R
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B3 AUH R
Figure 3 Airway hyperresponsiveness

®2 L5 NREN

Table 2 Up-regulated and down-regulated genes.

2 BRI A BT RN AR
DEG Gene name

Clcal, SlcolB3, Phactr3, Ceacam5, Cgrefl, Prr4, Tpo, B3Gni6, Nirk2, C10rf186, Cck, Krt6A, Tenl,

AR ESS7N Akr1B10, Adora3, Ms4A2, FkbpS, IIIR2, Cxcll4, Tprxl, Kr6C, Piprh, Cal2, Wdr12, Fbp2, Irx4,
Up-regulated C10rf64, Pxdn, Sntg2, Cd109, Cdhl5, Bdnf, Cemip, Gdnf, Nmu, Psca, Sp5, Hsd11B2, Lrrc31,

Tmem200A, SIc9A3, UpklB, Hkdcl, ligalO

Shisa2, Ncoal, Cedc169, Far2P1, TI1, Loc100506699, Ccdc68,Vgli2, Cilp, Steap4, CypdF30P, Pcdhl7,
Ccll5, BodlLl, Fmn2, Nav3, Dnasell3, Fam155A, Pegl0, Nat8B, Lgals2, Nol4, Rnf182, Tox, Sema3E,
Atcay, FeerlA, Foxa2, Scn3A, Slamf1, Crabp2, Siah3, Sv2B, Lrrc63, Gem, Aip6V1B1, Thsd1A, Cdhl18,
TEFEE Aip8A2, 1I-6, Bex1, Nox1, EgfemlP, Neud, Prlhr, Theg, Chl1-Asl, Kcncl, Scgn, HnflA-Asl, Aard, Lif,
Down-regulated Fhod3, Adarb2-As1, Erbb2, I136Rn, Gabrgl, Gpr156, SfialP, ScgblAl, EphalO, Pdlim3, Pcsk9, Vgll3,
Spata3, Dnaje5SB, Linc00261, C2Cd4B, Tmem4d5A, Slc44AS, Scgb3Al, B3Gali5-Asl, B3Gail, Ddc, Hpn,
C70r26, Tgm7, Kalrn, Kcnad, Wnk4, Sucnrl, Syt13, Plac4, DppaS, Syt4, TmemT4B, Pigir, Ano4,
Erich1-Asl, Loc100132287, Kcnal, Mmpl6,Cshl

B4 42 HE Jea
Figure 4 HE staining of lung tissue
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B 5 Al PAS Jefn
Figure S PAS staining of lung tissue

6 g4 Masson 4L 2

Figure 6 Masson staining of lung tissue

BEAH Z A G 4 Mo X7 4 IR 7~ 2 A A AR
FALL R PI3K-Akt 2555 %
2.5 INEATALF SA XBEEERIEER

K PCR 7 AR T RZH . OVA 240 OVA +
1133 20} OVA + LPS 4R/ N Ui ZH 21 SA A
Fe ) gL ] 11-6  Kenal | Kena4 . Kenel | Nirk2 |
Erbb2 F1 Bdnf ) mRNA Fik 1A, il 8 Frn A
N 11-6 , Gdnf , Nurk2  Bdnf 3335 .3 | T,
Erbb2 2 0 3 T [ ; Kenel  Kenal  Kena4 | Syt4 |
Cck AT BEHEMLESR,

3 g

SA VR —Fhif T i Bk Rk H 28 B S H 00
EOE T ol A O A R Ay S
AT I SA BFFE1RYT B9 ] LR Y
eyt A A O R T DR 9% B 60% LA
B SRR RN R L, AR R R
HR IR TR P 7 20 Y 580 P L 4 D 25 8 A 4 i
=SS L R RN SR 1= R R BB s s Ly 1A
FU LML IR BT SA RE B Z SR
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A KL B IR C . 22 R R IE R AY PPI R R 4 . D . GO 43#7  E . KEGG 2374,
7 SA BEZERFRIKER ST

Note. A. Volcano plot. B. Heatmap. C. PPI network and key modules of differentially expressed genes. D. GO analysis. E. KEGG

analysis.

Figure 7 Differentially expressed gene analysis in SA patients

IRIT SR, I, SA 1Y &S AL S B 7 AR
PRER T KA 022 Mg T 5% 1) 44 R, ) s — PP R
SRRl SA Iife R 2 250 I =5 B BRI ) S 56 5h )
BT X F IR AR IT SA 1Y & IR WL B I % A 3L
Fi2Yy FEREAEXREENE X,

SA & HE A AE 4R M YR AY AT LLUVH Oy T2 RUANEE
T2 RILST RILL S R MR 40 i T S R A L) Ky

3V WG PR e Wiy o e PR AT s A REAR A
FEIN R W T 1 200 34 22 R 4 5 2 iy o %% 1)
FHE, TL-33 254 Az ik ST2 J5 , RS HLIG Th2 7Y
g% RN, T BURE R 41 R (A TL-4 TL-5 1L-
13) BTG i, X LA T 5 SA BE R
T SRR | R M A 41 i 446 22 <l o B S B
FELEE BRI LR L33 LA I 35
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B8 AL [1-6 . Gdnf Bdnf Nirk2 F Erbb2 1 mRNA FHXT 2K
Figure 8 Relative expression levels of I[-6, Gdnf, Bdnf, Nirk2 and Erbb2 mRNA in lung tissue

PEGE 2R G5, i 16 38 1 52 o (5 A 9k O AR 40
(group 2 innate lymphoid cells, TLC2) | W& R Mk
20 B 45 1A G 38 A0 L, 0E — 2B IR R E I N, AT
g2 B, SA BB B IS A1 AGE H TL-33 7KF 8
ETh e, BB S5 ™ R | 2ot R VRS
RRAOERAEFEFEA G, Tl BT 1L-33 AT DL
P R S T ) O R v B M RR A T i
THRE' . OVA JE:E i 3 B 70 i 7 FH A S0
Z— AT DR RE B T A B 1 e Bl 4 A
A, FEMC LR B LT 2N SR OVA & IL-33
TSR S 75 T 04 0 N BB AR op & SR g
i B HEEOE TLC2 40, 3 5m EEN Th2 AU GH RAE
R, FETF BN RTIABF 7R 45 5 0 R o %
FH OVA B 500 ng 1) TL-33 , DAl K W W 1 ki 20
i B A S, DA T A L LA G R P 4 i 22 A
TR SA BLRY ) X B4l OVA 8 & B 0% g /I B
B RS OVA 5 1L-33 BEAff I, 7] L
AR T Pl PV e R v I R A R A R R, KT B
138 ZE T il 4 2 B A T B R AR 20 g

ATy W G 22 DA R Je DR T RV T Y i
B

VAR BB BF 98 K L 30% ~ 50% 1) H & %
PUOA AR AR R EL7E AR g R kL A0
i s (A I b B, H MR A R AR AR A
O B R 7 o AR R ORI AR A B QE A O
PRI IEAN, SA BB E AR X R 2 [ IR T
R AHCHTHE , X AT 5 et b 2 4k e
3 2 B A G ) LPS JE 22 G PR B
2 it B 1 L[] 8 43, B B T 5 S b R A0 i 3
Z W) R E J N, H 5 BN ™ R R B 5R A
KB EAE IR OVA BE4 LPS n] i oh
ST P A AR )N FRURSE AL 70T AR A 4
i 2 i TR0 A PP el P A9 LPS R R RN — 3R, AR
F5TiE L OVA A AR & LPS R R it
Pk g I SA B 25 R ORBEE LPS
TBE I, SGE BH g LA K i 4 2R 4 i B 4 5
MERA ) LPS FI &N 1 g B, M PRAL Y
OVA 41 ,BALF HrgR ki 40t & Fu RIS, v
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Targeting of stromal MAOA expression in the immune microenvironment of
prostate cancer using a dual-humanized mouse model
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[ Abstract] Objective Construction of an immune-tumor dual humanized mouse model to explore the role of
targeting monoamine oxidase A ( MAOA ) in the immune microenvironment of prostate cancer. Methods

Bioinformatics analysis was used to examine the relationship between MAOA"®" cancer associated fibroblasts ( CAFs)
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and T cells in prostate cancer. Multiplex immunofluorescence was employed to analyze the relationship between

stromal MAOA expression and CD8" T cells. An immune-tumor dual humanized mouse model was constructed for in

vivo verification of the infiltration of CD8" T cells in response to the targeting of stromal MAOA. Results

MAOA

expression in the stroma was inversely proportional to the infiltration of CD8" T cells. Inhibiting MAOA expression in

the stroma enhanced the infiltration of CD8" T cells in vivo, which may reflect suppression of the accumulation of

collagen in the tumor microenvironment. Conclusions

Stromal MAOA plays an important role in the

immunosuppressive microenvironment of prostate cancer, and its inhibition may promote the infiltration of immune

cells. MAOA inhibitors have therapeutic potential in immune combination therapy for patients with prostate cancer.

[ Keywords)

prostate cancer; MAOA ; cancer associated fibroblasts; tumor immune microenvironment
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G, R AR /N B kil 9F 43 85 PBMCs, HIHT A
CD45 PUAFRIC s A0 M, 38 2 7 =X 20 i AR i)
/INERUA M I B 5 40 i A EE 1 3 Flowdo 10 %K
P34 LAVEA /N BR S i 8 K e B E L
IR NCG /B (CD45" T > 25%) 1E— 5 Wa il i
SRR, B AKX ab’/2(a WK, b NE
1) ARSI A EEHH]. (1) XA (n =
5):22RV1 by 40 5 WPMY-NC 40 Jifg i) 3 5%
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5 (2) S84 (no= 5):22RVI JR 40 M0 5
WPMY-shMAOA 2l fty 3L A4 4
1.2.7 Masson 4%

Y] R AE s Aok AL b B , ) Weigert
FRER IR A R QL VR A7 g 10, JH 1% 1 8 R 9 G
1034k, FRK sk iR 5 SR 5 T B L0 R M A2
LG, DRI e s A AN LER 2 1 R 4R
PR Bl B R VA IO U0 e AT oAk, T T i 0k
ROV R AT SR G, e sE U, VIR B R
JBoK I d et — W oRE AL e b PR e
A TR R TR
1.3 HitZE5Hh

B DAFIME £ PrifiR 22 (x = sv) 3R, IF
i H GraphPad Prism JEA7434T . 45 4H 0] 22 55K FH
¢ RIS T 22438 (ANOVA) #1785, DL P <
0.05 Jy 25 HoA BEN:

2 H#R

2.1 BN FERER MAOA 5 T 4R
KBk

J T HEIRARFEE BT h MAOA B IIRE, A<
WS E B4 B T 2 A JF B PCa B 20 Jif %5 95 42
(GSE141445) , & %5 20 B fF 19 45 5 Pk A A R
B B 8 NS A EE (] 1A) , E—
A4 8 /> S MR Y ] J5T 48 A ( fibroblast) 2534
5AERE(E 1B) , FHEX4H MAOA kKA T
G3HT . ArBT AR WHE 2 19 MAOA FEik/KF-
BEETHAWAE(E 1C,P < 0.05), HiE 40
it ) TR A AT & B, SR 2 5T 40 A9 AR
A 4 HAth S A (2 35055 (&1 1D, P < 0.05) , B
[ Y MAOA RYZRIK5 T 4 /Y A8 B 7F H 7] BE
ARG

TE: A +-SNE T4 1R B . CAFs SERF Y t-SNE [, WEAE TS 7] (K230 4 4 5 C : MAOA 7ERUEF 44 01,23 1

4 PRYFIBKE D AR R CAFs 5 T 41T Y AN T

B 1 AL 7R 1) 5 MAOA 5 T 21 i i) 5% I8¢

Note. A. Annotate cell types using t-SNE. B. t-SNE plot of subclusters of CAFs, subclusters are coded with different colours. C.

Expression levels of MAOA in fibroblast 0,1, 2, 3, and 4. D. Cell communication between different subpopulations of CAFs and T

cell.

Figure 1 Single-cell sequencing reveals the association between stromal MAOA and T cell
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2.2 IGREEER MAOA BIXRIZE5 CDS" T 44
il PSR

SRy 55 UF AT B I 1) 5 S i — 253l I R
BEMALY it 2 ERBER T (B 2),
i a-SMA FH M DX IR () AR A 4 ) , IF 4R 36
MAOA K55 (] 5 40 Jfd 43 Sk 55 2% 3k 2 IR 3R 36
A, 45 H R, | R IE MAOA AY [8] 5 41 i
CD8" T 4N I F Ik BEAR , K5 MAOA B[R] 40
firf CD8" T 4l A8y, X 4k Btk — 2k
ST R ARG TR T MAOA (9 33k 5 CD8™ T 4ilfig
2 2Z R AR S , 378 MAOA R BEAE A o
T AR
2.3 ENEXNRERNKNE

WK 3 froR, R TR R RS0, F iR
HR 1L B4 R LT P B9 PBMCs 3 3 B2 kA A
R RREBR A /N AR, 3 S 38 A
PRI ARAG DN /1N BRUAM & I A CD4S™ T 41 i i 75
B, 2 CD45" T 4HH Y LB it 25% B, 3R B AR
T NIRAL G R G0 /N AR

2.4 {RRINEE R R MAOA BIRIL{E# CDS*
T HRaARRE

Sy W UFRE ] 6] B MAOA X PCa #3515V 1Y
SEMR), AHIFFEAE 38 Nk /I U AR (1) S i1
— 25 ¥ NCHT F R 3L BT 40 e WPMY-1-NC A1l
WPMY-shMAOA 5 PCa 48 52 22RV1 #%3 : 1 1Y
EE B AN RE S K, e T G-I AN IR
/N B (18] 4A 181 4B) , SEBR g R B, S5 X
HEZH A L, ST 36 20 14 b 96 A < 3l R I 28 ok 2 ([
4C,IK1 4D, P < 0.001) , BLAM, 5 6o Hr
BH 7 X R 4 A I e v, KIT-67 () 36 3K R AR, [l et
CD8" T #if iR IEA g m (& 5), iXse ki
FE0, H0 A [E] R MAOA A film i e 2% A g T
5% 0 11%) G 5 A BELIR T R, X PCa 19 %8 2 g 7

E;un

2.5 [EERH MAOA & It 1R it i R #9 B FRHD i
CDS8" T e fiRE

J i 5 [, A Ay i g ] 5w 7 G A 240 L g
a3, IR ph IR A G B LT A 20 M T 43, e

1 . PCa BEASHT a-SMA FHYE CAFs H MAOA .CD8 FiA M FERE
B2 EEEFER MAOA 5 CD8' T &R IXH M

Note. Representative images of MAOA and CD8 expression in a-SMA-positive CAFs in prostate cancer samples.

Figure 2 Expression of MAOA and CD8" T cells in the tumor interstitial tissue of clinical patients
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AR KRR RSP L CD4S T AT E K Y-,
B3 Gy NEAL/N BUSR B K7 (374l
Note. Flow cytometry is used to detect the reconstitution level of CD45" T cells in the peripheral blood of different mice.

Figure 3 Assessment of immune system reconstitution in humanized mice

A AR/ BRI 7R 32 B B : Western Blot 4347 MAOA Y2 IK 5B 5 C ;A [l A B 20 fofryd /NS B 5 D, A ] Ak 3 2
g o ek AR (AR R R AL 5 2R s S X BREAAR L, ™ P < 0. 001,

B4 [H)5i MAOA BYZRETAHE CDS™ T 40 B & 5T
Note. A. Schematic diagram of the construction of a double humanized mouse model. B. Western Blot analysis of MAOA expression.

C. Actual photos of tumor size in different treatment groups. D. Tumor mass and quantified results of tumor volume in different treatment
groups. Compared with NC group, ™ P < 0.001.
Figure 4 In vivo study on the regulation of CD8" T cell infiltration by interstitial MAOA expression

AT RIE COL1AL PYUTARFISC R T BEAS I 3090 1 59 JH &40 1t 25 1 02 0 98 4 B 1Y fie 8 ik
5 T PR IR B 41 i ( tumor infiltrating lymphocytes, 18] o WE 6A Frn, AW B2 Bos 7E
TILs) A5 8l , = % B 10 R AL I REM I TILs 9 PCa ' COL1A1 5 CD8" T 4l ifd i )2 kb, Western
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T A AR PR KI-67 S 9B RIEIR R B ARAL A CD8* T Al S v OB RIREE I
5 RPETILEER

Note. A. Representative immunofluorescence images of KI-67 in different treatment groups. B. Representative immunofluorescence images

of CD8 T cell in different treatment groups.

Figure 5 Immunofluorescence result

Blot A 0 %& B, 5 %+ W& £ A1 LL, 5% 5 40 40 i
COLIAL AR B R ERIN(E 6B) , i — L it
e PELHAL I Masson Y2 (0t IESE T SE 560 2H 20 i
S PR (E 6C, 1 6D) o DL EA5 RN, 18] 5
H MAOA I LA 3 52 i fifr g v (%) 15 i AR ot —
SERHAS CD8' T AT AR

3 it

AR Y, S A R4 1 S 5, 33 2
SR R MAOA TETH T PCa K JEFNEFE RS h Kk
PEE TR B S AL B ) 75 ( monoamine
oxidase inhibitors, MAOIs) 7EVRY7 & &M PCa 19 11
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A COLIAL FEIEE T 4 A EME 34T (£2) , COL1AT 5 7R [R] 25 58 i1 S0, 93 40 it i AH 5 P 4081 (£7) 5 B Western Blot 4347
MAOA @ifikJ5 COLIAT BYFENEN ; C.COLIAT ARFMAAIETEEH ;D ACFE M Masson Y2,
B 6 [HFH MAOA i e i IR ) EAMH CD8™ T 41 )=

Note. A. Correlation analysis of COLIA1 expression with T cells (left) , correlation analysis of COL1A1 with different types of immune

cells (right). B. Western Blot analysis of COL1A1 expression following MAOA knockdown. C. Representative immunofluorescence

images of COL1A1. D. Representative images of Masson staining.

Figure 6 Stromal MAOA inhibits the infiltration of CD8" T cell by promoting collagen accumulation

Wl ARG R R A5 R, B BRI T RS
JiR 4R 57 4 BT 5L ( prostate-specific antigen, PSA ) 7K
SO S MAOITs 697 PCa 1195 7 5 g $2 1%
TAHITUEYE . BEERE, MAOA A3 19 e Al
2T 2 240 M 7 A R AR T 0 R IR Y K AR R
JiE T 40 MR , A $E ) (R] BT MAOA J397 PCa #2141
THIESHAET . K1, MAOA 7E PCa [] T4 1t
MIVE AR a2

TE R G B R BE v, CAFs 3 %5 S 5 £
o, BT R G A T SN Y TR B A
UGN, Y RTEE R CAFs BYIR YT S WG i A e 3R
WA RS MOk Z R SRS e s T
CAFs 59 40 2 6] W A B .A/E HAE PCa IR
RS 2 OCEENEM ., FiE M) CAF WAIfE
{2 E PCa 1 G 5 41 ) B4 53, 3 3 W 38 o 9 75

CAFs BRI FNTNAE, $E 16 CAFs R BE 5 fit g %o
BREIRIT MU E A B 53 388 ik F S G - g
SNIEAL /N FRAR R BN PCa e 5 IR 85 | 45
e TR AR R, WL R B MAOA 3R ik
X} CD8" T 4i Jifd 12 ¥ i 5% ), 45 4 I 7 [ Joit oo
MAOA FUE ik 5 CD8* T 4 Jiu i i it sl /b B2 1F
FHZE, B 7S (8] L HP MAOA 9 35 AT BEXT CD8* T
£ i %) e v LA 7 e R VR

i ge T S v %) g D 6 Joit 2 P g & A L R
SERS T 25 P 0 3 S5 % 43, 52 TILs B 14
B TRV R A 0 e DT A A A0 P AT
T e R A Y AR ST R TR AR
R bR 3 18] B MAOA 3 5 418 5 Jie Ji f AL 2
il CD8" T 41 = , HE e #E PCa Y G2 31
il PR B, O TE A R MAOA B9 R i H
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SN R W 0 S 3 i eT R 4 S
JAK-STAT6 {5 538 B, 52 Wil Jie Jit 4 52 1B A AR
PES L PR, MAOA [l T Al s 1 M S s
JR ) 2R CDS” T 4B AYIRYE
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A, I8 BE 1 ga 2 MR AH O¢ B 41 B ( tumor-
associated macrophages, TAMs ), #f 5% % B,
MAOA 58 i 38 5 480 Ak 7 380 e i, e F 1 /0 Bl
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UM AE J17° . R C S 2 W RE 1 5 TAMS
(0 g B2, 3E T ) R A KT b Ab,
MAOA 1% 3R35 Bk A BT 5 Wk 40, v 5 1R 48
FOPETT P T 40 55 22 Fh S At f 28 A v 2
WEHE B, 8 75 MK clorgyline ) 38 1 9 i . s 41 it
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Optimization of feeding and breeding methods for interferon-vy
knockout mice
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(State Key Laboratory for Animal Disease Control and Prevention, South China Agricultural University,
Guangzhou 510642, China)
Corresponding author: GUO Yaqiong. E-mail;: guoyq@ scau. edu. cn

[ Abstract] Objective The purpose of the study is to breed homozygous interferon-y knockout (TFN-y™™)
mice and optimize the breeding strategies to achieve continuous and stable reproduction of IFN-y”" mice, which could
be used as an ideal animal model for fundamental research. Methods Initially, heterozygous IFN-y knockout (IFN-

v*7) C57BL/6] mice were used as the parental generation for breeding. Subsequently, 3 breeding strategies were
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employed using the offspring; (1) female heterozygotes mated with male heterozygotes; (2) male homozygotes mated
with female heterozygotes; (3) female homozygotes mated with male homozygotes. The number and survival rate of
IFN-y™~ mice were compared across the three breeding strategies to determine the optimal breeding strategy. Under
the optimal strategy, the effects of female mating age and diet type on the reproductive performance of TFN-y”~ mice
were further evaluated. Data from the first three litters of 60 IFN-y™~ female mice, including litter size, number of
weaning survivors, and weaning survival rate, were recorded and analyzed. In addition, the effects of dietary
supplementation of pregnant mice and environmental optimization measures, such as the provision of shelters, were
evaluated. Results  Under conditions where the nutritional needs of pregnant mice were adequately met by
supplementation with egg yolk and sunflower seeds, mating of female and male IFN-y™~ mice result ed in a litter size
of five to eight IFN-y™~ mice, demonstrating higher efficiency compared to other breeding strategies. In addition, diet
type and mating age significantly influenced female reproductive performance. When 7 ~ 9 weeks old female TFN-y™~
mice were mated to male IFN-y™~ mice and fed a high-protein breeding diet, litter size (6.9 + 1.7), weaning
survival number (6.5% = 2.0% ) and weaning survival rate (93.2% + 17.8%) were higher than those under other
conditions. In addition, providing shelters to prevent fighting between breeding pairs further improved reproductive
outcomes. Conclusions

By adopting an optimized breeding strategy, combined with a high-protein diet, nutritional

supplementation, and standardized mating age management, the breeding efficiency and stability of IFN-y”~ mice can

be significantly improved. This provides a reliable animal model for related research.

[ Keywords)

interferon-y; gene knockout mouse; feeding; reproduction
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SRR, ok LA A TN R e e BT
DLHEST R R A TFN-y ™ /N U A B d 22

N TAR A H. i R A8 R 3R A% TFN-y™/]h
B, AT T 2018 47 6 A M [ BR a2 e s o
TSNP T 5| IFN-y™~ R L, 7EAE R A0l
REg Sy g9y o0 N EAT i 5% S50 . % ARy
FEIR AT 5 S e I | LI ARAT A R ) TFIN-
v NRUR AR, I HE— 20 SR AS /N B B T v
FE 7 FHE R FEAT PRI AL, D9 TFN=-y ™" /)N
BB S A T P2 EF IR AL MER S,

1 HREH®

1.1 ##
111 SE5ah

IEN-y " /N (38345 8 5% . CSTBL/6), b R 44
B6. 129S7-Ifng™'" /]) F 2006 4F M\ 3 [ /A 5 b 51
5= ( Jackson laboratory ) 5| AFK[H JXF R BRFh 2
J3 002287, 4 H SPF ¢ IFN-y* /R, Hodr etk 2
HOebE2 57 ~ 8 JElIE Kl 16 ~ 20 g, 1
A B 25 B 22 B e 2 52 0 2l WA 58 T [ SCXK
(5)2024-0009] , 1A 5% THE R AR K2 52 55 5h )
Hl [ SYXK (5)2024-0136] . (RIFRHEE  FRES IR
FE 18 ~ 22 °C  AHAHBEE R 50% ~ 60% , ) HR I
REPEdl A 12 h /N B BHARE . ABFSE e
FAAR ML R 27 5 5 3l W 18 B 2 D o W A AL A
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(2022F093,2023F201) ,
1.2 EZH S

EasyPure® Genomic DNA Kit ( Jb 5t 43044
YrH R ey A R AL H E L 585 EE101-01) |
TaKaRa LA Taq® Hot Start Version ( EEYTRE
(Ki#) ABRAF, HA, 585 . RR042) Fll TaKaRa
LA Taq® with GC Buffer( 52/E¥) TRE (K% ) B IR
oL HAR 585 RRO2AG) .6 x DNA [ REZE
W MR BAEDF A RA A, hE, %5,
M9041) 100 bp DNA Ladder( J"~ M 75 Ji& A5 Bl 4
BERRAF, HE, RS M1062) B (%A%
YR A BRAF], HE 5245 BS081-100g) K
ANERAEFRE ARG T RRE P ) iR R R A
HHE 55 1016706714625204224 ) F 256 BLAE K
AR (VLIS PRl B2 25 242 ) TR A BRITAT 2
Al HE 525 XTIOFZ-003) (3 1 ),
A XU B (individually ventilated cages, 1VC)
(HMHEZLR S ARAR, T E)E
TR (i — R 2R A R A AL, P )
Veriti ® 96-well Thermal Cycler PCR {3 ( ABI,MA ,
FEE) ;B PEHHEE I B UK R S8 ( Bio-Rad, 32 ) ; £
IIREBEIE AR X ( Analytik Jena, 5[ )
T AHETEHTR TG PRI S AR A 2 R

Table 1 Main nutrients of two commercial feed

used in this study

, HeRira ) AR B R
I .
Nutrient Maintenance Growth and
utrents feed breeding diet
A
7J(ﬁ < 10% < 10%
Moisture
FiEH . = 18% = 20%
Crude protein
HELRE Wi
Crude fat = 4% = 4%
HL£F 4
Crude fiber < 5% < 5%
biil
Crude ash < 8% < 8%
% 1.0% ~ 1.8% 1.0% ~ 1.8%
Calcium
SR
KB 0.6% ~ 1.2% 0.6% ~ 1.2%

Total phosphorus

1.2 Ak

1.2.1 /MEAOIEBids#

g S J0) B e OB B AR TR, X B

INREIIS T8 IR, ERCF R, AR IEA B
Y155 1k, WS A /N R AR FRIE B, IFEaf4nic
SR AR R A B R T AR B R
1.2.2 /DR PR AL o Ty ik

5 IR TFN-y ™ B R A7 B P, AR 98 o 78
IRAERE, A RATRE A 245 F (IFN-y") 25 F
(IFN-y™") FIBF 24E A (IFN-y™7*) . N 3515 IFN-
v TNER, T B AR/ B TEN-y 356 A Y
FE AT Y, BRI F

(1) /NEUBEZR FE P 20 DNA B2 HC 5THL 10 ~
14 d AN RUBER A, & F IR 1.5 mL &
L H ] EasyPure ®  Genomic DNA Kit X /N
HAUHEATHEI 4 DNA SR HC, K 3 ULF 1Y DNA H
F-20 CHUKFEF .

(2) PCR JZ WA £ X 2 BCAY /)y B3k R 41
DNA i# 17 8 X PCR %5&, 51 ¥ ¥ 51 B Jackson
Laboratory ‘B I ( https://www. jax. org/strain/
002287) $#24#E, oIMR8285; 5’ -AGGGAAACTGGGA
GAGGAGAAATAT-3" ;0IMR8284; 5’ -AGAAGTAA
GTGGAAGGGCCCAGAAG-3" ;0IMR6218; 5° -CCT
TCTATCGCCTTCTTGACG-3" , i1 g E T4 T
FERARNRSS A R B G R, ATk, AR 5L
R e R & n BT ) 21 wL PCR SN
IR DAY B RN, 7E 1.5 mL B08 T4 5
A 2 x GC Buffer I 10 pL . dNTP Mixture 1. 6 L.
oIMR6218 ( 10 pmol/pL) 1 L. oIMR8284 ( 10
pmol/pL) 1 L oIMR8285( 10 pmol/pL) 1 pl LA
Taq HS (5 U/uL) 0.1 pwL.ddH,0 5.3 pL 1 DNA
BEdR 1wl

(3) PCR BB 54 - i ] PCR {SGHEATY™ 3,
PCR & N7 M iR R i . O A4S P 94 <C
15 min; @781 94 °C 20 s,k 65 C 15 s, ZEfH
68 °C 10 s, ¥R 10 ¥k, HAEAEIE KGR JE T R
0.5°C ;@7AEM: 94 C 15 s,iBk 60 C 15 s, fEfHi 72
°C 10 s, FEFF 28 K ;@72 °C 2 min, Ze1E 0,

(4) BRNEWEEEIS HLIK - 1] 2% BBt e e L b
A 10 wL I8 & T DNA FREZE Wb PCR 7
Yy, B R H KA R 110 VR T AR [R] Sy
42 min HEATHLVK , HL UK 45 oS 78 5E S RS AX okt
PCR F=WyitAT M7 .

(5) FERIRLGE S AR PCR 7= 4541 17
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BTN LA 2 R 20 (https < // www. jax. org/
strain/002287) . 51 oIMR8285 Fll oIMR6218 #"
By B BCK B 500 bp, £ PCR 7281 iz K
FE, Wl PCR 7= 9 XF R /N B TFN=-y™™ /N B
oIMR8285 Fl olMR8284 5|44 4 K Ji %y 210 bp,
W] PCR 7= 9 %58 771N BROA B A B0 /N ER; #5 PCR 7
Yy [FIRFFELE 500 bp 1210 bp 4575, WX 70N B
A IFN-y* /N

1.2.3 IFN-y”/ /NI IRTE

BN 4 HOIEN-y™ /N B T3 B Pk
TSR, IR % 8 JE I M A IR B | il G
RETFHZRE B ABCA I DIMERE 1 - 18
FeBIHAT & B Fr . BEH RS — AU, Xt
10 ~ 14 HW I 73R B2 75/ 3
WA B, AR 5 PR 80 8 e 5 S R oy AR 5 .
Tb— Y KPR, B 6 ~ 8 JEI A I A A
IEN-y"7/INERLL 2« 1 (4 E il 647 2 R BE PP, 1 O
REfE AR Fre b A = AR,

HE—2, N TR M RO E Z e G /)
KB A R 4l 7 4 A - 2 BE A
T, IR MEYES G IR BB SS , Br D3k
P AT S5 A 7220, W TG, 5
PRAESS P A7 8 H R e, 156 e Aoy X 17 A
%, wJE RS T AU TS, iR R
O RS A e R v BRI R A R N A
T PR BB A AR 2B, TEE R LB, A Y
SR IBOHE IS 1R R s (MERFEER A 2 2 1), B
HFLRIITE 3 A A 5158 . bedse 3 FhBCAh 7 =0
Pt s, I HAE B A EC A 7 =00 M B e As e A
5.8 10 HERTE 3 43 NI Z 2R AL
5 PR AR B  A ARURB, OF BT iR AS i 2l
/NERECH AT B 2R AT
1.2.4 /NRIAFRFIE L E TR

e s T Al & FRCR T RS e PR AR T
RIG 8 T REI— 208 22 AN [R] O %] 6% A K ) e
X NREF O, UL E T &0,
AHEFEBEHLEE T 60 HAEAS[F] J& & Bl Fl L K fm]
WEEAS [R) b S 7 i Ak AR B A9 TRN -y~ i B, S 3
I 3 BB A8 B LA B B LA %, M
O T Fofr B R UM T < 0[] s ok A T O AP, B
Tl LR MRS e A 2 2 1, AR RIS B EBL(5 ~ 7
ST ~ 9 JHRE) 4305 6 ~ 7 JE A A

T EHH IR A3 0l Sy R RN A K A A
BB 4 A5 (1) RRGERF DR, 5 ~ 7 JH
IR S 6 ~ 7 A HER A B EHE (n =
15) ;(2) MW 454k} 7 ~ 9 R AIMER 5 6 ~
7 RS EME A FEEF (n = 15) 5 (3) (AW A K B
FEARRE,S ~ 7 FR MRS 6 ~ 7 IR A
FEH (n = 15) ; (4) WA K EAEE,T7 ~ 9
JR MRS 6 ~ 7 IR I R G I E A (n =
15) o Z3llic S5 4 BRUA: 7= B I 3 IR eS = A1 4
B FAEIEEL, BT 3 M6 F R FLAETE %
(R AW R = B WS B/E A8 x
100% ) , I EHL S5 i 72 v i B0 A0 0 BRUES A7 L/
AT b /0N RO B 45 ) R HE AT L 25 5 o B, 5%
I LTSl ) % AR R AN ) i A R A R A
BRI ZE X TFN-y ™~ /N U S AE P RE 1 =2 M),
1.3 HitEDH

SR LI + BRifEZE (2 £ 5) BIIER
FORULR) FL BRI ST FEAS ¢ K55, SR U
R 7225081 (Two-way ANOVA ) SRR FEA [m] e
JEVH FNAN [R) A Ao 2l i B2 4 1 i 1) s ), 9
FLAATT T e S5 RE ol Ji) 6% 4]l b 26 22 R 9 38 B
VEFH, LATEAS 5 DR 28 XoF I R ZE 0 1k RE IR 27 5 7
Wi, G840 A ¥ 7E SPSS 26.0 W SE K, Ll P <
0.05 R HA WE,

2 #R

2.1 IFN-y/ INEHRERETE
2,101 BB Nk R AL A &

RETH5AAETACERS W 1/ R
BEJRFE AT DNA 748 7=y 114 Bk Jie FiL K 285 K an &)
1 F7R . #% BR A% R/NAS [ ok X 4370 B 2 TR
A1 7E 500 bp #1210 bp Zb WL F| Z4H5 , A IFN-
vT/NER G ANTE 210 bp &b DL B ZRHT | A BT AR AN
B ; A 500 bp 4b WL B ZAF R TFN-y /IR,
2.1.2  OR[AECAhEAE 7 e

WEPE TEN =y +/—=/NER 5 BEPE TFN-y /N B
fic JEPE TEN-y* /NS HEME TFN-y ™/ RS B
WEPE TEN=—y ™ /B S HEPE TEN-y ™ /NS L, = F
AR BC AP 258 5 S AT R4S IFN-y /IR, 2R
AN TR 8 B 7 45 R

(D AEF/MEREF /DR (IFN-y™”
Q x IFN-y”~ ) DB BIHE 2 % IFN-y™ /)N Btk
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1:M:DNA #RiC ;A 2.3.9.10: IFN-y /N AL ;1 4 8 B A RU/INERAE 55,67 IFN-y 7 /NRAE ;B 1,2.5.6,
710 IEN-y™ /N R 33 4 BFAE /N RURE S 39 IEN—y ™ /NRUBE ff

B 1 #oarRUNEIEE R PCR %E 450
Note. M. DNA Marker. A. 2, 3,9, 10. IFN-y”" mice sample. 1, 4, 8. Wild-type mice sample. 5, 6, 7. TFN-y"~

mice sample. B. 1,2, 5, 6, 7, 10. IFN-y"”" mice sample. 3, 4. Wild-type mice sample. 9. IFN-y”~ mouse sample.

Figure 1 Identification of genotypes of some offspring mice by PCR

I EEBCR, A5 — B 0E B3/ B 16 4L
HHl4 ~6 1, fi/hEaR A= E, X/ Bk
137 R 3 4 H AFRLEER 10 HlfE UL A= 7= 13
/N T3 AR R AR /N RS FLAA TS B0 6. 8
HOBEF S RN 92. 7% , 5 I v k4l 4 7/ B
BHM2.2 H(WER2), 740 IFN-y™
N AR A Ry et (R R B b R LI FE R
IR E IR & L AT,

(2) 4B F/MNRS 806 F /N A HE (TFN-y™~
@ X IFN-y™~ 1) it — 2D HEPE IFN-y /RS
HEPE TPN-y ™ /NRAC T, R/ BUAE PR E )5 L 7E 3
A A Mg 10 HfE RS A = 12 iR/ L,
SER R A N RS LA TG 6.6 H B I
TR 96. 8% , HLAG TT ARAF IFN-y~/INEL K 2.6
H(WFR2) o Beag Bl A 72 17 IEN-y 7~/
R AT TH 7 2 9 A R e 36 DR A6 0 i 5 4 UL
SN

(3) disF/MNR S5 4iA F /N AL (IFN-y ™~

Q X IFN-y™™ 1) it — 20 f M A TFN-y ™~
INEGHATAC L, & IUME B TR e 1325 . R4
LA 5 oV M A 8l 8 32 282 J5 ™ A1 1 1R
KEAERKM G, HAFTER A 3 &, 0N
MERZENIMAE S 4R E KT LU
ZEE SRR MR AS B AR 4 i O B I 1
> 32 78 i Ty i e R BIR B A2 /N B4R O TFN-
TN TE AT B R M LU R R R ME B RE AR AR
FEAETEE ST 10 FUME R SRS O, 25 R
7~ 10 FUMERRIEAE ™ 17 BRI, P35 6 T R4S
IFN-y"/NRK 6.7 R, BE R THA T HA M
GFHRETFLEM TR (P <0.001) , 84/ R
() FLAFTE N 97.8% (W3 2)  FRBL, @
SRR TFN-y™~ M B R 45, T DA M B
EEHVERE, PR KR IFN-y 7 /NEL, A2 S
TH5ME TR 26T 5506 70, 46T
Sui s FRm e A R, EE T F
AR 32 PR AR 8 5 PR RN N T AR

F2 ARBFITT Ny /NREFEH (0 = 10)

Table 2 Breeding performance of IFN-y”™ mice using different mating methods (n = 10)

TARA LA A /n

- I FHREE % B R/ %
He b7 ik SZHNE n Each genotypes count Total a5 H/ % Weaned
Methods Numbe{r of in offspring/n number of Homozygosity curvival
2 x 1 pregnancies/n . rate/ %

et i/ /- offspring/n rate/ %
IFN-y"~x IFN-y*~ 13 21+£1.2 30=x1.1 22+£1.7" 6.8x26 31.5 92.7
IFN-y*~x IFN-y™~ 12 0 4.0+£20 26x22"™ 66273 39.2 96. 8
IFN-y™"x IFN-y™~ 17 0 0 6.7+ 1.7 6.7+ 1.7 100. 0 97.8

5 IFN-y”"x IFN-y 7" #ft, ™ P < 0. 001,
Note. Compared with IFN-y”~x IFN-y™~, ** P < 0. 001.
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2.1.3  IFN-y”/ /NRAMERHE

LA F el A T ECA 7 20T AR 7R R AR
afi A F/NE EAN I 25 1 5 B A /N B D B
BRES(E2), 1 HEHAE PNy /N PR %
P4 DU i i 4 B RGBS R AL € B U A R
ik b G ShRE A R, 5B A A4 RROCHT B 25 7
21 HIE AR TEN-y ™ /N AR B 58 2 B T B A &
BAe WENEE fTah AW, S5EAR C5TBL/
6J /INEIEA A
2.2 AREEMEE . ARERNEERMIT IFN-y~
INREF HRERI RN

R 3, 38 % 60 HObE B ET 3 i85 AT
BB LA B B I R T g, MR AN TR
TC o ]t 0 ) AN () i ot A AR XT M B B F

PERERYRZ I, S5 8w, MERUE 7 ~ 9 JE I B AP
B ATE(6.2 £ 1L9)E T 5 ~ 7 JARECHAN Y
IATE(5.5 £ 2.3,P = 0.05) ; MERLAE 7 ~ 9
SRS A R B LA IR E(5.7 = 2. 1) BE S T
5~ 7 IS ECAT A B FLAETE 20 (4.6 £ 2.5,P =
0.002) ;M FRAE 7 ~ O JEIWA ML A 1Y 25 L A7 16 K
(92.0 £ 19.7) BEETAES ~ 7 HREE A E L
FEIEH(81.6 = 33.0,P = 0.011) ; faME A= K B i
L B B AR (5. 6 £ 2.4) BE S TiRME4E
R b LY B LA T £ (4.7 £ 2.3,P = 0.008) ,
TR AR A R E BRI B3 7 A AR (6.1 £ 2.2) AT
BAAETE R (90. 3% + 23.6% )t T M 4EH i k)
W LA B P AT R(5. 6 + 2. 1) FIESFLAETE (83, 3%
+30.8%) ,[HEZF TR EME(P > 0.05),

B2 AR HER IFNy” /NS CSTBL/6) /NRIYSMNERHE
Figure 2 Appearance characteristics of IFN-y”~ mice and C57BL/6] mice at different ages

R3AFRARAR ME R GIEPEREAIENE (n = 90)

Table 3 Effects of rearing conditions on the reproductive performance of female mice(n = 90)

FEFhJE# Mating age in weeks BRI Type of feed
o — A
Rearing conditions 5~ 7 J#E 7~ 9 Kk A et A R BT A
5 ~ 7 weeks 7 ~ 9 weeks Maintenance feed Breeding diet
%F{?ﬁ/n 5.5+£2.3 6.2+1.9 5621 6.1 +£2.2
Litter size/n
B ST K
IR 46+2.5 5.7+2.17 47423 5.6+ 24"
Weaned survival number/n
B AEIL K /0
G ECRGRNAL 81.6 + 33.0 92.0+19.7° 83.3 £ 30.8 90.3 + 23.6

Weaned survival rate/%

TEH S5 ~ 7 ARAMILL, P <0.05," P <0.01; SRR, " P <0.01,
Note. Compared with 5 ~ 7 weeks, "P < 0.05, ™ P < 0.01. Compared with maintenance feed, Mp<0.01.

ANEECFF WS (5 ~ 7 T ~ 9 JJ40) A
() b 2 AL} (iR mL R RN A 4 B AR R ) X 60 H
W SRR 3 B s AT AR L B LA TR AL B LA R
i AR R PRT 2R T 22 A0 T 5 SR N 4 iz, ik RRU O b
JEL S XS B 83 PR AR (P = 0.044) B FLAEE

(P =0.001) BFAERP = 0.01) HH R
EPERZ I 5 TR 0T B AR T B W 3 M e
(P = 0.006) , % % 7 150 F 25 FLAF 1 2 1Y 52 il
KiKkB G F# B EMEP = 0.148,P = 0.081);
c o J0 R Al o 2K %o o AT A R B Y B
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R4 AT HE R IEFE PERE A OUAN 27 22704

Table 4 Two-way ANOVA of the reproductive performance of female mice under different rearing conditions

F¥:5 P {H
Fobn F test P value
Index AL (CIEE TS RUFH R x DR f 2
Mating age in weeks Type of feed Mating age in weeks X type of feed
BPATEYn 0.044 0.148 0.002
Litter size/n
i 57| ST K
BT/ n
Weaned survival number/n 0. 001 0. 006 0. 110
=i V3%
LTI/ % 0.010 0.081 0.249

Weaned survival rate/%

YERIRL(P = 0.002) , %F 25 FLAF 16 KO B FLAF %
RBA BE N EAERY (P = 0.11,P = 0.249)

e 5, HE— 25 AN [R] Be P 84 FAS [ i 25
Tk R4 T EL AT 0, e BUZE 7 ~ 9 JEL S e
I A AR A K R R 0 5 7 A7 (6.9 £ 1.7)
WHEETES ~ 7 JERECF I ELR MR LR R
SEATE(5.8 £ 2.3,P = 0.014) FE5 ~ 7 A
Be o EL 4 PR AR K B A ) B 8 P AT A (5.3 =
2.3,P < 0.001) FI7E 7 ~ 9 JEATEC AN I H 17 M2 4
FRra BB 7 740 (5.4 = 1.9,P < 0.001) , M
FUEE 7 ~ 9 S B Ao L e LA K S e )
AAFEE(6.5 + 2.0) WEETHES ~ 7 AR
Fh I H AR R AR R B LA R (4.4 £ 2.6, P
< 0.001) FE5 ~ 7 JAEECAD If B AR MR A K B0
TR S FLAFTE S (4.8 + 2.4, P = 0.001) FI7E 7
~ O JEIWA TE A I L ) RS 2 5 ek ) S LA
(5.0+£2.0,P =0.001), MERTET ~ 9 AR ECFH
I FL WA= K BB AR Y B LA R (93.2% +

17.8%) W& & THE S ~ 7 JARSEC AN I H ] i 2t
Fria) B i) B ARG R (75.7% +36.6%, P =
0.005) , 57E 5 ~ 7 JEREFC AP I+ H AR MR AR K 20y
TRH(87.5% +28. 1% ,P =0.246) FI{E 7 ~ 9 J&
8 T - L) PR R Ak ) 8 L AF TG % (90, 8%
+21.6%,P = 0.565) 2R AWE, %L, E7T ~
9 JEI W45 1 B FE IO AR I ELAR IR A B kLY
M RS PR RE S A,
2.3 HEZEX IFN-y /IR E T HAER M

K IFN-y7/NRAEE R LB S I Z FiiE
B0, TS Wil /N B PR e, MEASE Y 2 T
TAET X TFN-y ™~ /N BB 7] LR 4T T A 44 DA K
W
2.3.1 BEREAF

PoEREE | W LR 7250 — i s 2 s B 4 i 7.
B/ DR E AT L (B 3A) R JE SR U
Jit >f i 977 R £ AT, A5 4 E 2 PN O i A BR AL
ANERES e AR PR LA ) 2 N K R A

RS OAFEMEFRRAER MR SIHTERERIZE AR (n = 45)

Table 5 Combined effects of different rearing conditions on the reproductive performance of female mice(n = 45)

EIEEUn

Litter size/n

T3R5

Rearing conditions

B/ %

Weaned survival rate/%

B n

Weaned survival number/n

5 ~ 7 x 4EHER

5 ~ 7 weeks X maintenance feed >.8+2.3
S~ 7 e x t K BRI 3
5 ~ 7 weeks X breeding diet e

7 ~ 9 JAE x dEREiEE
. . 5.4+ 1.9
7 ~ 9 weeks X maintenance feed
- ] A . 5K =R
7~ 9 AR x AR 6.9+ 17

7 ~ 9 weeks X breeding diet

4.4 2.6 75.7 = 36.6™
4.8 +2.4% 87.5 +28.1
5.0 £2.0" 90.8 + 21.6
6.5+2.0 93.2 +£17.8

H:57 ~ 9 Atk x ARKEFHAEBAHLL, P < 0.05,“P < 0.01,™P < 0.001,
Note. Compared with 7 ~ 9 weeks X breeding diet, *P < 0.05, “P < 0.01, **P < 0.001.
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ARG B ME B R 5 (81 3B) o TESTHT 3 d
AT R bR G P B, 7 A 7 IS D X B AR /DN
LA DL BT RR R SO IR A BB Y, 47 & B0
BH A/ DB O, 75K 200 Y Fh B ZE(E k
FFPRIR /N B AR kit G it R A SR R Bz B
ZI/NEL,

2ot i R I/ N BB AT RS B0k D BT
SR At v M B2 3 e 80 e A R AR — AN AR 5
B E DAL N R BE (I8 3C) o RIBT7E AT
55 L™ B P R PO 81, R A K 2 LR
BLIT B A 2 g s RS (B 3D)
2.3.2 /NEITER

NIRRT, i TR ey
TEUR 2 0 A IR IR, S B ERE s T S0
R Eh a2 AW 2 EE A0 T A 0L (& 4A &

4B) R/ RA K R T MY KT FUAR I
—J5 1, AE HF KA v R B SR A N BRB s
VEH A AN BR 55—y T, 76 i 35 1 A rp & B
SR T B 5 A I e /N B 1 O I A
BROFIEZ AL S0 #i  ok =F & 78 P9 20 5% R A% 1 B /) B
FIEAT B 4C)
2.3.3 /NEBLE
EEFSRES, KRB E—s PP, a4
ST/ B B AT S B S (B 5A)
P L, /N B B B0 42 — T R LR K
T AR R AR AN RS B B, X
TRXMIEO STE /R B JG AT (] 5B) 5
T3 —TJ7 T A i 2 TR 4 R A R Ak F TR TGkl R
PR ) 9 HL ke = A= BETG sh A AR B, A R
T LAZR it AR R 05

T - A MERUA 58 — i /N BUR BSR4 FL S BUN AT ARFE T B 7R 28 N BB IS AR BRI RIS 3 B, LU Bl e B 7/
B 5 C o BEPEAT B 14/ BRUHE O BR SFUBCAN) — B ST 5 5 D - R AT DA 22 ) M A A BR SRR — S JC R 9 e 26

X715 SR

B3 IFN-y " /N ERBGREEAT  2  R eE HiE

Note. A. Female mouse produced her first litter of mice but refused to nurse, resulting in the death of all the mice. B. Degreased cotton

balls, melon seeds and egg yolk were placed in the cage to assist female mice nursing. C. Mice with strong maternal behavior tore cotton

balls to make a neat and clean nest. D. Mice with poor maternal behavior tear at an irregular, fecal-stained cotton ball nest.

Figure 3 Maternal behavioral performance in TFN-y”~ mice and interventions

TE A2 FUNRUITABOT AR BN 2; B /AN TSR S BOR AR 32 1 5 C 3 e e e Ay AR B K T BT /N B F T4
B4 IFN-y " /NEIT R ECZ O Be T B AR 1 T 1

Note. A. Two mice fight resulting in a skin tear on the back. B. Mouse with a broken tail due to a fight. C. Mice were prevented from

fighting by placing shelter and cotton.

Figure 4 Fight-related injury or death in IFN-y~”~ mice and preventive measures
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backs. B. Mice regrowing hair on their backs after separation of
cages.

Figure 5 Hair loss and recovery in some IFN-y™™ mice
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[ Abstract )

Objective  To evaluate the protective effects of the traditional Chinese medicine formula

Shenxiankang on renal injury and fibrosis, and to explore its potential mechanisms of action. Methods Chronic
kidney disease (CKD) model was established in mice using unilateral ureteral obstruction (UUO). The mice were
randomly divided into four groups: sham, UUO, and Shenxiankang( SXK) Low/High dose groups (1500, 4500 mg/
(kg-d) ), each comprising eight mice. The each SXK groups received daily oral administration of Shenxiankang, and
the remaining mice were gavaged equivalent volumes of saline for 7 d. After the experiment, renal tissues were
collected for assessment of renal injury and fibrosis using HE and Masson staining. The expression levels of fibrosis
markers and proteins involved in the epithelial membrane protein 3 (Emp3) and Tgf-B/Smad3 signaling pathway were
determined by Real-time PCR, immunohistochemistry, and Western Blot. In cell-based experiments, the effects of
Shenxiankang on the Emp3/Tgf-B/Smad3 pathway and its interaction with TGF-beta receptor R2 ( TgfB2) were further
analyzed using an Emp3 knockdown and Co-IP assays. Results Shenxiankang significantly reduced immune cell
infiltration and tubular atrophy in the UUO model group and decreased the expression of kidney injury markers kidney
injury molecule 1 (Kim1) and Lipocalin 2 (Len2) , confirming its efficacy in alleviating renal injury. Masson staining
and analysis of fibrosis markers Fibronectin (Fn) and a-smooth muscle actin («-SMA) indicated that Shenxiankang
effectively suppressed fibrosis induced by UUO. Mechanistic studies revealed that Shenxiankang exerted its effects by
selectively downregulating the abnormal activation of the Emp3/Tgf-B/Smad3 signaling pathway, a finding further
supported by cellular experiments showing that Shenxiankang modulates Tgf-B/Smad3 signaling through Emp3
regulation. Moreover, the Co-IP experiment result indicate that Shenxiankang exerts its effects by regulating the
interaction between Emp3 and TgfB2. Conclusions Shenxiankang exhibits significant protective effects in a mouse
model of chronic kidney disease, effectively reducing renal injury and fibrosis. These effects are likely mediated
through the downregulation of the Emp3/Tgf-B/Smad3 signaling pathway, suggesting Shenxiankang’ s potential
therapeutic value in renal protection.

[ Keywords] ShenXiankang; chronic kidney disease; renal fibrosis; Emp3; Tgf-B/Smad3
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S YEAL A0 M A K B AR DG R JE TR 3R 0k
MR 3E £F S Ab 1 & S i B T R
TE i 985 40 B b | B2 BB 1 3 ((epithelial membrane
protein 3,Emp3 )il 5 TefB2 AHE AEH Y Tef-
B/Smad {5 5 il ¥ 05 b, 5w b pe-[E] BT 5% 1k
( epithelial-mesenchymal transition, EMT) """ |
BT A B, AR 27 B GE CKD /Y
TEAEALER] AT REDS Kot i 4% TefB2 A Emp3 A
PEFH, M 8 75 Tgf-B/Smad {5538 i 19 806 A
Ko NHAUEMARBE, A BEFE S T S0 4 PR A 25
FL (unilateral ureteral obstruction, UUO ) F%Y  Ff-46
I 2 2 e B 0 | 2T 4R L S Tef-B/Smad
F S G AR, AN AR SRR T AR
FUE A 22 2L PTE ( co-immunoprecipitation , Co-IP )
FeARAGIN B 2T FEXT Emp3 5 TofR2 AT AE I Y5
Wiy, 5 7 B T R A A 5 A LR, A
25 PRI S A B AR

1 #R5E7FE

1.1 ##
1.1.1 SE5eshy

VEFH 8 JE#% SPF 2% C57BL/6 /ML 32 H 14k
Fiit 29 25 ¢, B BUER 2 B A= W RHH A BR 2 w4
HE[ SCXK (J11)2022-034] , /)N EUiA 3% T 74 5 EE AL
RSB S rhooy SPF KW B [ SYXK (JI])
2023-0065] . fAFRAME R R (25 £ 0.5) C %
B 50% ~ 60% FERIEHR 12 h 25T 78 2 /K Al
Tk, A S B0 P A GBI VY T SRR 2F B i 10 B
% B2 048 5 00 BF O o 48 B H L (2022-1001-
005) , B S I AP B L |
1.1.2  #if

INEUE NS B Y ( transformed C3H
mouse kidney-1, TCMK1 , Cat#CL0440) Iy F =F1F 4
Wy, N5 4 ( 293F T, Cat#BNCC342056 ) W T
ety
1. 1.3 EEH 5

' £ B W T PH R s R R 2 B b s s
R (A KE9 g, /KIE3 g, HAEREH B 12 ¢, IF
15 g, B30 g, H 12 g, FA 12 ) ; AR EK-
AT (HE ) Y0385 £ (C0105s ) \BCA & Ak %
MERF £ (P0012) 5 RIPA 2473 ( PO013C) It

T Beyotime ; Masson — {4 4% {4 % ( BA-4079B) g T
PRI DUR s Sy 20 A i il FH — 2D k100 & \DAB
AR (PV-9000 \ZLI-9019) 4 T H1 42 4 1 ; GFP
4 Bk ( KTSM1334) W F )3 14 4= 4y ; Emp3 ( Sc-
518092 ) I F Santa Cruz; phospho-Smad3 ( p-
Smad3 ) , Smad3. phospho-Smad2 ( p-Smad2 ) .
Smad2 (AF1759 ., AF1501 ,AF2545 AF1300) i
T Beyotime; Gapdh ( AB0037 ) 4 F Abways; Fn
('T59537) W)+ abmart ; a-SMA ( 23081-1-AP) I T
proteintech ,

SER 9 % 5 1 PCR X ( 25 [H Thermo Fisher
D)) 3 1 BT Uk e B R 4t (Bio-Rad ) ; e-BLOT
e U R G (5 7 e E B ) 5 Nikon 1E
B BB ( AR ; A H A 7Pl (18
FESER) s U EEAR A (BTN BLRE) B 2241
AIIERETT (L E Therm)

1.2 FHik
121 EIRERI

WdE 2024 4574 R BE R Fi e Hh B BE B
B2 CKD 855 20 B, 76— G T7 B B
BEAILZS T 10 1915 £F Je T /R B £F 4, 5 &b
10 P25 T2 50 (57 ke 15 A5 A MR <
BREYZ ) VE X BREH , IRYT HTE WU B =5 8
FRIKIM 5 mL, 43 25 10 5 A DU B 2 RE 6 A (I3
JUUBT PR BN BRI 2R ) AHIESE i i P R
BERE K 2 B Jm b B2 OBE B AR B & DL o it
(KY2023020-FSO01) ,

1.2.2 shWrisii a2y

/NS N PR SR 1 R R BEAL O 4 4. iR
FAR(Sham) 41 AR (UUO ) 41, £F FEAK 5 571
B (SXK-Low/High dose, 1500/4500 mg/(kg-+d))
A, BRIRTARASN, Hogr /N B B8 SOk BT ids 1
505 PR AE A BEL A 37 CKD AR B AR 4n
T AR/ B T A s A 1% 0 %
BHRR /N B, A B J5 VIO 5 7 B Jik | 22 8 20 0
Lol bRAE I T AR i IR AE W o 45 3L, Bl s
Sy PR AE B, TR AN AT R A A FL
KBy, HoAth e /e SRIARI A — 3, WEBE, B AT
AR/ 1o 7] £ 2 e R R R o 9 25 ), i 2k
7 do HA/N N B SFRTR A A BER K . 525
SRS RO SE /N B WO B 1/4 64T
AT AL TR T i A R W R R S R U
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FFT RNA #E47 5 225255 74T
1.2.3 gL 5 naREdiib

L) 20 W 0 52 K s R AT 98 B G € R A
REAAL, HE G4 KR & Tk 4 Bt 17, B
SRR B ALE T HRARYE S S min, £
75% LS5 S E DL LRt gL 5, 45 s, i m
B IFTE W00 T WA B /NS B 00 1 0 O R 4
HAEMNREENE B, Masson et TR 290
ARFZEIRYE S min, W FHF 4L 10 min, B 50 8R 70 6
1 ~ 5 min SRJGHHRREELRE 1 ~ 5 min, &5
1% KBS RRVE Ve 2 WA 3 ey ki b ik, 1F
YIR KT 5 3R 6 i fUBE N UL Jt 21 4 e
N S S Y eV R U R O SN Sl [
Tmage J 1. 51 AT 10308 B 1 4 i % i AL R v
FUE STt BT e 2 B b B K 5 1Y
YIR B AR GRS J5 19 pH = 6. 0 FriEeiR — 4N
ZEohifrh JERRSL A 10 min HATHRIEE ¥
HJa i A ALY BT 20 min BHKTE RS 1
Yett, SRJGH 5% BSA A 30 min, IR A
4 CHB R, 5 2 KARYE DAB i k57 &tk
TR 6 RGEHRARRLE]20s FH A, &
JEE U LB I PR P iR a8 0 B (200 1%
RAFEL) , 37 Tmage J 1. 51 AT B YA LS
T A S TR E A e
1.2.4 Real-time PCR Kl £F 4Efb A5 &4 . Emp3
K Tef-B/Smad {5538 B AHIE mRNA 34

WL 25 mg B2, $2HLE RNA SR G H
EKHMBRCR 7 ECEE T E RNA ¥ T,
BU1 pg RNA, #5565 1 cDNA, DL cDNA R
W, 456 Cham(Q) Universal SYBR qPCR Master Mix
FIARR B 59, Bl B Real-time PCR WA
PCR % & &1 K:95 C 30 s 28, ARG iR E
(95 °C 155,60 C 15,72 °C 15 s)iaf7 40 M
W, E 72 CHEH 5 min, VA Gapdh 1E R NS 3
PR 27897 SR TR L R I AR ek i, 5
YIFFIE 1,
1.2.5 Western Blot £ 4Efbpr ity Emp3 K&
Tgf-B/Smad 15538 A G FH AR IA

VIBGE 4 B 2R BUREE 1, F BCA ik
JEE I 5 ) e AR R . SDS-PAGE Ji H 4
fLEAE 30 g AT ER 140 B, 8 o 1 i 1 o 0K
AR R 3 PVDF I E SRS 5% BSA

x1 5UFELA
Table 1 Primers information
FER PR GIE B FIYPE(5-37)
Gene name  Primer name Primer sequences (5°-3")
Fn-F ATGTGGACCCCTCCTGATAGT
Fr Fn-R GCCCAGTGATTTCAGCAAAGG
) a-SMA-F GTCCCAGACATCAGGGAGTAA
s a-SMA-R TCGGATACTTCAGCGTCAGGA
Gapdh-F AGGTCGGTGTGAACGGATTTG
capdh Gapdh-R TGTAGACCATGTAGTTGAGGTCA

FREM L h B INA R R Pl 4 CHEFE
o HH—PHAR I A BT R/ R 1 ik
BEFRICHY —H0 (1 = 5000) , FIRBEH 1 h, ®JT,
i e-BLOT fh2f A BUZR 73 Bt RGEXRT 45 R i 47
FH 0T, 985 FH Tmage J 1. 51 B4R 4401
JKEEAE, T DR AR A BUE R — G150
1.2.6 TCMKI 555 T ikt

BOSHBUE K 1A TCMK 20 2 (10% FBS #Y
DMEM EpiRs 7238 ) | 40 THERs B¢, 100 L 15
FrHEEPAL T 8000 AU, FEFLEEFN 100 WL T 96
FLEFRM R, 2 BIINA 25 ~ 400 wg/mL B 21 Hézh
YA 24 b JERE I A0 LTS 7 BLINA B SR
1710 R EY CCK-8 35,37 CEE 1 ~ 4 h
J& ,7E 450 nm JERAGI OD fH, LA, K TCMKI
AR T 6 FLAR, JF00 o 4 4 XHR(NC) (it 5R
K (OE-Emp3) 4l il 3235 Emp3 + KUK JE B £F R
(50 ( g/mL) ) 4N v B B 4F )3 (100 (pg/mlL) )
2, AR O WRER: mCherry-Emp3 Ji L 5% Y
YN YL 6 h 5 A3 B AAS [R) v B 1 4
FEANFRANM , A3 42 h e, W SR AR AR A, O
i Western Blot 43 #7185 FH ik /K, LLKHIEZS 9
TR
1.2.7  Co-IP 43 Hr ¥ £F X Emp3/Tgf-B/Smad3
T % K H 5 TefR2 A E A 52

293FT 4 Jitd (10% FBS () DMEM = 4 B 57
FVEE R R 6 cm UL | 24400 ffg 25 5 15 3 60%
~ 70% W}, ¥z B PED % 4% i 7 iy ik 25 B8 %
mCherry-Emp3 Fll GFP-TgfB2 £559% 6 h J5 A
[ 7)o B 4T R AL R 42 b WiekE, fd ] 1 mL Co-IP
2443 W (50 mmol/L Tris, 150 mmol/L NaCl, 1%
Trixton, 1 mmol/L EDTA,pH = 7.5) F K I Z4fi#
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30 min, B0 EES GFP RBEERAE 4 °C Fliek%
BFE 2 h, FAZMRIREYE S I, SRIGHIA 50 wL
FERESE fi B REER 95 C 4RI 10 min, B
O H I A T S BE BN AT
1.3 SitEsh

KH SPSS 21. 0 X Fdm 1 g it 404, it i
TR YA + bR (2 £ s) Ron, A 25
PR L3, R A IE 2543 A H 5 22 5% 0% A AR e %
e K, Z A EE R BRI R 20 ik, 45
HFEBART & IESI AT BT 22455, R Kruskal-
Wallis H K250, e n AL A7 e 22 5%, i — 2R
M7 FEAS [ AE S EKE 55 ( Mann-Whitney U) #1740
[E] 9 L8, P < 0. 05 M EE S X,

2 #R

2.1 BHE3IEK CKD 25 B HhEEM/NRE
R LAF

W B R PRSI 58 98 A8 19136 9 7 11 I v UL
I PR 2R BRI B /N BR DB I R R B, B AR
I I R I LS B S R ARR, O HEE /s
RS H W] W (P < 0.001), WA 1, #R4E
HE QL 25R B AR T /NERIE SRR
NEE SRR AR A N B Tk HL B R
BV B NIRRT R AR S A — (P
< 0.01), XS AL A5 CKD AHE Y FRRHAE
LB LT RERIT IR B /NE B R kAR B B G,
HE/NRIIE S B AR — 2B B Se it
FEY(P<0.05), MIEREHMERER, 5
TRTFALHAR L, BV B 4005 hm A ) B 400405 407
1( kidney injury molecule-1, Kim1 ) F1 547 2 Jig
W i g A S A iz 24 H (lipocalin-2, Len2 ) B
KR FFH(P <0.001) , HEERKTY R E
AN b B ARG IT IS 1 SR AR W 1Y) Gk B
WA, Western Blot 45 5t — L 50 0F T S 4
TR I, X SEL SRR, B 2T FERE 8 A Ak k%
CKD /] B B BRAG 1, BA T TE R R VEH]
2.2 BARINRETENRRERRNI

BT AR Masson G2l 255 R 35 0, /D4
R AETUR (18] 2) o BRRLEH ' (1] Jo e B £F
HETURR & 50, 0 2F R YT R 6 n 5
ZF 2 T BRI 1 W E AR (P < 0.001) , iE—
G A BT R IR TT AL B AR A bR AR

Fn Fl a-SMA 11 36 35 /K 7 & 35 (% T4 A 4
(P<0.01, P<0.001), [A] B}, Real-time PCR
FIl Western Blot 255 75 | 7F RNA Fl#E H/KF I,
BERIZ] Fn Fll o-SMA 300 0 & TR F AR 4L, 1897
SN TERRI B R (P < 0.05,P < 0.01), LA
R B AR AL B BE DS A 08 EE CKD /MR
)5 ) S 4T AL AR S
2.3 BH kX CKD /MRS Emp3/Tegf-p/
Smad3 15 S 1& B HI =2

Western Blot 455 7R (18] 3) BAIH Tef-B/
Smad3 {7 538 i 25 11 1Y Tef2 . Smad3 M Smad2
WEMR AL ( p-TgfB2 . p-Smad3 K p-Smad2) 7K ¥ 1 &
WE(P<0.05,P<0.01,P<0.001), BT
Tt 52 B O M FRAIK p-TefB2 FI p-Smad3 7K-F-
(IR %) p-Smad2 K V-%A &0, Rl
Real-time PCR Fi1 Western Blot %5 % g 7~ | #5721
Emp3 B RNA FIEE 381k & i 3% IR #4141,
1M 2 BR YT & Emp3 KIKTE RNA Fl 8 H K P
W EFERER(P < 0.001) , TR ALK B2
FER(P < 0.05,P < 0.001) , e fbah R it—
HHHE T iX— &, I B/~ Emp3 EEERIE TP
SR NG LR, DL g SRR B AR R
PP E I I Tef-B/Smad3 15 5 38 B 0 5 4 1%
%, IE> Emp3 0955 Rk,
2.4 Emp3 3 REHFEREFEX Tef-p/Smad3
ESEERFHEMLMARIER

it — R AR BRAE SR CKD £ 2k 1Pl
IR 5 Emp3/Tef-B/Smad3 55 il I8 A 56, 1E
HAE TCMK1 i i 335 Emp3, JFEAG I ' £F B
£ Emp3 i3 355 00 T ML 4 fe s R, B o,
it CCK-8 SCIH e T 18 XY 25 W b 3k 1, 45
R RE LT FHEAE 400 weg/mL B ¥ BE T A 5158
TR A RN (B 4), 7RI AL b fEE T
TCMK1 40 g it #3587 Emp3, Real-time PCR il
Western Blot 455 & Bl Emp3 i 3k BEAE i 21 4k
AR EY) Fn B H KT 78 Emp3 i 2550
LT ,50.100 weg/mL BB £F R8T HURBR T
HIEA WP etz n, o — 2K Emp3 XF
Tef-B/Smad3 1551 B 521 , Western Blot 2% 5
#— 3R], Emp3 1 %3k W E R T p-TefB2 F
p-Smad3 7K, TE Emp3 HREWIEN T, 50,
100 pg/mL [ ' £F F T A GE8 55 Emp3 XT p-
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T 5B LRRITRIMHEL, * P < 0.001; S5 TFARLAMLEL, ™ P <0.01, ™ P < 0.001; SHRAME,*P < 0.05,"P < 0.01,"P <
0.001, (FHEImE)
B 1 BEEXIER CKD BE B IRe AN RS AL R (x £ s,n = 8)
Note. Compared with before SXK group, *** P < 0.001. Compared with Sham group, ** P < 0.01, ** P < 0.001. Compared with UUO
group, "P < 0.05, "P < 0.01, "™P < 0.001. (The same in the following figures)
Figure 1 Effects of SXK on renal function in clinical CKD patients and renal pathological changes in CKD

mice (x +s,n = 8)
TefB2 I p-Smad3 KB HIMEM, 2 LA,  Smad3 {558 E, JEMEELE T TCMK1 21 i £F 4k
B £ Bl L P A Emp3, 0] 58 BOE 09 TefB2/ et
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B2 BEHEEL CKD /ML (2 + 5,0 = 8)
Figure 2 SXK delayed the progression of renal fibrosis in CKD mice(x + s,n = 8)
25 BABTRET Emp3 5 Tetp2 \MEIER T2 HUMUL A Talp/Smad {5 S0 # A0
AR F W], Emp3 (6 IR 40 M bl 5 A, EMIRE R b R B AL R T, AR
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B3 CELFREm ] CKD /N Emp3/Tef-B/Smad3 i B 25 1193k (x £ s,n = 8)
Figure 3 SXK inhibited the protein expression of Emp3/Tgf-B/Smad3 pathway in kidney of
CKD mice(x + s,n = 8)
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5 NC YA, P <0.05,°““P < 0.001; 5 Fk ML, ““P < 0.01,““P < 0.001, ( FEIR)

B4 LR Emp3/Tef-B/Smad3 S SO SRR AT 44 (x £ s,n = 3)
Note. Compared with NC group, “ P < 0.05, “““P < 0.001. Compared with OE-Emp3 group, ““P < 0.01,“““P < 0.001. (The same
in the following figures)

Figure 4 SXK inhibited fibrosis by inhibiting Emp3/Tgf-B/Smad3 signaling activation(x + s,n = 3)
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WAL Co-1P SE5G i — L R T 5 £F B 78 7 1%
Emp3 5 TefB2 A EAE TP /EH . Se50 4 i
/N, Emp3 5 TefB2 Z[AIfF7E B WAHEAEH, B

e EF FE AL B 330 Foft AR EL A A0 8 255 4 o] (]
5) o JoVB e A B R AR R B AT B, R
AR LA HIECR |, R WA IR B B

B 5 'BLEEIMH Emp3 M Tefp2 MAHILAEM (2 £ 5,0 = 3)
Figure 5 SXK inhibits the interaction between Emp3 and TgfB2(x + s,n = 3)

FOF AR AE . X — 25 RN, B AT R R B A
e FE 5 B AT BT Emp3 5 TefB2 BYAH H.AEH,
Htt— 8 i 25 50 i N 2> B 35 3G o

3 itip

CKD B HEH 2 BRI A H R, KR
Bl Ak A 112 Ak B8 1 9 9 14 i 2 -
FB, RF &S EUE Dhfgiz A e 2 1) 5 s Bk
T2, 2B p i 2 R U st n] e A A A e
ek defrAan ™ Ik, & B RENS AT R0 AE 2% o,
Wik RF R Y7 SR IS XT T il CKD BF A 77
B e A EXEENE L, T RT,
M FAEGE P 25 R IR T L3 B AIRRIVE T,
FE CKD BYIRIT HH H 382 BIG7E  FRBlE B &
JRIX — T 2 (4 52 7 i ) AR T R A
R T B E P AL CR

Tef-B/Smad 5538 B AEM G & B e 8y
FAZLUE I o s A T, 0 5 50 s 50
KE LT 4E AL 55 2 Fh R DA O Tef-B 5
TefB2 454 )5, BTE TefBrl , U 1M #5 2 1k Smad &
1, 5 R-Smad/Co-Smad & &%), it A 40 A% )4
PGS, RIE, TefB2 BYIG L7 X — 15 538
R shid R B FXF TefB2 1Y 5% 1%
b, V4 HLA5 5 A5 33 ] BE 4 i 41 Zi AL AR 11 5

AL 2 —, CAMIEERY], Emp3 i@t 5 TefR2
IR EAE ML HE T Tof-B {55 AEIES , fEA
e, BB % P Emp3 7E UUO #5319 CKD
RECAR v 3 TR T AR R T AR A5 G R T
Emp3 BFRiE . X — & AL/ B £F Bl nT Be 3 1 i
2 Emp3/Tef-B/Smad 15 = i s & 45 H A0 21 4t AL
Ve, #F—#L 38 3 Real-time PCR #2820 1k FI
Western Blot ZE5, 1IF 32 5 £F FEAE UUO AL AL p i
FIEE T Emp3 .p-TgfB2 Fl p-Smad3 71k, F W]
B 25 FRAT O T S5 E B ) Emp3/Tef-B/Smad
R, AT HF— 80U —HUH, 1F & 7
TCMK1 B /NE F Rz i it 235 T Emp3, 4553
7R, Emp3 il Kk B E N T A i B
Fik IE LT p-TefB2 F1 p-Smad3 B9 K-, A
M, 76 Emp3 3 2635 19 TCMK1 20 | B 2F FE 1)
PUAFAALFOR B R B, LAk, il 3 Co-TP SZ 55 i
—PHRIN, B A FREALEL T Emp3 1 TgfB2 Y
FARBAKT 0 B EWE T e Z B0 B
H L RN B A A — e B L s Emp3 5
TefB2 WA AR IR A HAT A b H
SR, AR PRSI BIF 5T 2% B AT R A
] Emp3/TefB2 AHEAEH J Tef-B/Smad {553
B 1) S RO BRI A A R B AR ik, X — &
WNE LF BRAE A CKD R YT BT TE 25 W) S it 18
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AIBLRIAR S . SR, B 2T B A g —Fh 52 J5 il 57

B Z R AR Y AR R, B

AT

Emp3 JAFERIBLEI A f5 0t — 2 M, RAE AT
FE R H AT HERE NS 12 3 MK Emp3 19 3R05 Il
TV FE Taf-B/Smad {55 18 B 21 4E 1L, fHix
SE A W R BT AN AR T Emp3 BT U
G AN, R Rk BT 5T L — 2 R AR
TR SO, RV EANTFE IR Emp3 &
B BAT 1 A VR AL , 3067 S SRS U 1 245
Yot S AR AR
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0+ 1877 8 2 PKA/PKC-CREB i %16 & 718
5 B RIS IBS SRS B9 HIL A 55

' mEE BEAE g% VEBE REA AW E
A I
(1. WA P ELIIEGE, M 310007;2. WiV BE 25 K240 S & 7 RARE e, Bt 310007)

[HE] By W% ( Yigan Fupi decoction, YGFP ) Xt B 5 i 2 & 1 (irritable bowel
syndrome , 1BS) I HCEAE T, 3 M PKA/PKC-CREB 3 IR A 57 HAE 5 1 18 B B R AT TBS S0 (11 AL
Foik W BE LAY BE  K BB L A A AR HE (M) 21 IR G2 ( YGFP ) 4 RIACRE B 53 B 114 R BRVE Ay I 8 %o
BR(N)4,YGFP ¥ YGFP #%%: 4 i, & EERGE /2 5 (abdominal withdraw reflux, AWR) P-4t i 18 #0844 | LC-
MS/MS A6 AR VB Qi ik BE , ELISA Y46 1L-6 F1 CXCL1 Ay 3E /K, I AR R AL (HE ) Y 0 2845
S HRE 54, Western Blot FH 414k PKA PKC .CREB.5HT2AR ,5-HT7R . ZO-1 . Claudin 1 #9854 AH X% 3
ik, &R 5 N4, M 4 PR B R, SRR (IL-6 Al CXCL1 & &= 2 7% , PKA .PKC
CREB 5HT2AR ,5-HT7R & HARN 63k W3 THE, 20-1 Claudin 1 B AN ZA B TR, 5 M AAHLL, 30
JHF4R 8L AT S8 253 0 TBS R BRU A PR A (8 1, 8 25 R (IR S MRy R A Gl \TL-6 il CXCL1 & &, {# PKA \PKC .
CREB 5HT2AR .5-HT7R & A AHNT 34 B A, Z0-1  Claudin 1 BB AN KA FHE . it MFRMZ AT
K 1BS , ML AT AE 30 1 45 PKA/PKC-CREB 3l 4646 52 17 18 7 s A2 A1 G SRt S 90
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Mechanistic study of Yigan Fupi decoction-mediated repair of the
intestinal barrier and reduction of IBS sensitivity through
regulation of the PKA/PKC-CREB pathway
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[ Abstract] Objective To study the therapeutic effects of Yigan Fupi decoction ( YGFP) on irritable bowel

syndrome (IBS) and its mechanism of action in repairing the intestinal barrier and reducing IBS sensitivity through the
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PKA/PKC-CREB pathway. Methods

control (M) and a YGFP group, while baby rats without maternal separation were used as a normal control (N) group.

Baby rats separated from their mother were randomly divided into a model

The YGFP group was given YGFP for 4 weeks. Abdominal withdrawal reflux was used to evaluate intestinal
sensitivity. Liquid chromatography tandem mass spectrometry and ELISA were used to detect bile acid metabolite
concentrations and serum levels of interleukin (IL)-6 and CXCL1, respectively. HE staining was used to observe
pathological changes in the colon, and Western Blot and immunohistochemistry were used to analyze the relative
protein expression levels of PKA, PKC, CREB, SHT2AR, 5-HT7R, ZO-1, and Claudin 1. Results Compared with
the normal control group, the M group showed a significantly decreased visceral pain threshold, significantly increased
levels of total bile acid metabolites, 1L-6, and CXCLI, significantly increased relative expression of PKA, PKC,
CREB, 5HT2AR, and 5-HT7R, and significantly decreased relative expression of ZO-1 and Claudin 1. Compared
with the M group, the YGFP group showed a significantly increased visceral pain threshold, significantly reduced
levels of total bile acid metabolites, 1L-6, and CXCLI, significantly reduced relative expression of PKA, PKC,

513

CREB, 5HT2AR, and 5-HT7R, and increased relative expression of Z0O-1 and Claudin 1. Conclusions YGFP

effectively improved IBS through a mechanism that may involve repair of the intestinal barrier and reduced sensitivity

through the PKA/PKC-CREB pathway.
[ Keywords)

Yigan Fupi decoction; intestinal barrier; IBS sensitivity; PKA/PKC; CREB
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1% 5 %5 & AiE (irritable bowel syndrome, IBS)
SETERCA DL AR B AR A B0 T, FEHRE T 45
BORAHIE 285 B A 158 P 52 DR P R A A o L 2
St X AR A T I A RS R 4 Bk
5% ~ 10% 1358 AHE . FRmEHLE A+
WA, HRTHI BRSNS 8 8 ) 5 il
PRREZKL Il S B B R RAE N I
JERFIDRS b0 B AR A AR OGP IR 1 78 BR YR Y
IBS FZONRAEIATT , I AL R, BR 20 % H
Wr R —E R, ATk 7 (Yigan
Fupi decoction, YGFP ) J& fifi 7% 2 2 i J7 6 15 !
IBS 5577, I AR T 2 3% 30 ARAEN  wir i A i
PRMEEHTSE R, YCFP BEAT S Mt i hiE Ak, ok
B RAEMEAR R S IR MIE S e R
- e YT R A JE At b, AT 5T 38 i B ) B
A7 IBS KRR Y DL EE P 3B ( protein kinase,
PK) A/PKC-FRBE IR AT 2500 TC AR 25 5 2 11 (cAMP-
response element binding protein, CREB ) i i 4 1]
ARL BT YGFP {5 5 i 8 B 2 i AIK 1BS
BURAEROFE HIBIL -

1 MHERFE

1.1 ##
1.1.1 SCEsiY
WEPE SPF 2% 12 J&i#% SD 226 13 H, 22 17 ~

18 d, PR B & 230 ~ 250 g, MBI & 2% B I 3K
[ SCXK (#7)2024-0002] , FHriL 4 o B 25 0 58 B
SPF 2% 5 B 50 %= 4 37 [ SYXK (#7) 2024-0010] ,
REIRE .22 ~ 26 C, 1. 40% ~ 70% , 1A .
12 h BARE SR (7:00 ~ 19:00) , FF-7E S 86 e 52
By 3R I 25T NGB AR, S Pie B Wit
A R 2 B 5T B S S W 10 2R 5L 4 T A
(WS e B A5 [ 20211016 45)
1.1.2 SE5825%)

PRI e R R 5IIR) , P A
A AR IR R TR A A
BT R A AR 2 60 g, JRURLZG 32 BRI T A
A BRAF] AR BE A A PR A SRR 2y
WA BRTTAEA A, 2 B FAE 2 i
JE A, 1300 Hh A B i 351 2 3 2 B v A, KR 2
WKL uE WA B A 1 o/mL, 438 K
F o AT /INBERIAE S o 8 A o, 38 0ok v
JE AN i #2480 2020 ARG 7
R B RE A L pH B S A I R IE 5 )
e,
113 FERH S5

PKA —47 (4782) IJF CST A Al ; PKC —¥i
(ab181558) .CREB —%¥1 (ab32515) ¥JIJ T abcam
N Fy 5-52 8 B 2A 32 K ( 5-hydroxytryptamine
report 2A, 5-HT2AR ) ( PA5-95288 ), 5-HT7R
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( MAS-37958) A48 /Nafi &5 H 1( zonula occludens-
1,70-1) (40-2200) . 1 & 45 H 1 ( senescence-
associated epithelial membrane protein 1,Claudin 1)
(37-4900) I F & 2K K23 7 ; GAPDH ( 60009-1-
AP) W4F proteintech /A ] ; —HLIFH A2 A
H); HPLC 24 2. i (A998-4) HPLC 2% W i ( A452-
4) LCMS 4K (W6-4) YT fisher 23 F) ;K
LA 2 (interleukins, TL) -6 it 156 #7928 W i) 52
1870 & (E-EL-R0016¢ ) . K B # 1k A 5~ (CXC 2
F) BA 1 (C-X-C motif chemokine ligand 1 gene,
CXCLI) (IL-8 ZEbl ¥y ) Tl 3K fi 92 W o a5 & ( E-
EL-R0003¢) ¥ Il F Elabscience 2y #), Hi, Jik 1%
(BIO-RAD 24wl , LA (R SE AR HA PR
Al AR A (25 =), MR & 58 (Tanon 24
) VRO T R B A (AB SCIEX 23 H]) , ¥ R AF
JEAL( EHETRAEY)) DI R HL(PRTE S| e
PL(PRSE A R]) IR e (NIKON 24 H])
1.2 FiE
1.2.1 #5542

Bk SD FLEL, ARG 2 KRiEHATRE
3h, 5K 9:00 ~ 12.00, L 2 J4, 5 21 KW
(SRR ) | i EPE SD KB, BB A
RUXTHRZL (M 2H) R Lz 2 (YGFP 4H) R
BREL 3 8 0 B ME SD R BUAE O T X BRAH (N
H), 146 K, WFEE 6 A YCFP 4 T Mk
W7 18 o/ (kg-d) (FHYS T ARG 18 1) ,i%
2z 4 J8 M AR N 4T ARl
1.2.2 il U P4l

TGRS FNR YT 45 R 40 0 PEAN — i 1E
s . 225 SCIRYY SR L Rk 5 i
WGE K5 (abdominal withdraw reflux, AWR) #E47
TR PEA . FE S SR T KT U LA A 4 B
I X 48 20 K B 0 ] 0 A D U 0 1 T
I RE AR FRUAS AN AR K 18 b, AR HLT 1358, 1
HAHER AT B 3R U A A e i 10 94 J= 28 AL
I129 7 em  ZEATT 1AM 1 em A0 FH B A IS 0 HL 8 2
TER BT, K 5K KB E T 18 ecm x 8 cm X
6 cm HYAFHI/NGE T, (IS5 3k 17 Hoog 4
I 12 18 1) S PN TS, RS K BRI B X fi s Bk
P IR R, 430 5 1 K RS AR A
RIS 1Y B, B TR RREE 20 s, 220 3 K
SEE, FRRAIFR 2D 4 min,

1.2.3 IR

ELISA #:] 1L-6 F1 CXCL1 Ay IfiL 7 2 7K SF |
1.2.4  JHTERK I

B N A 2 Gl Ab B A3 1 8 A Y
FEf SR UPLC-QTOF-MS/MS X4 &y b i) H A%
Yttty e e il BRS80n R A & 0F
ExionLC AD system, Waters BEHC18 (150 mm x
2.1 mm, 1. 7 wm) AR GRS A1 40 °C | dFME
J95 pl, FiEhAH A0. 1% W R KIEIR) , A
B(0.1% H R-Z F). Bk % F. AB SCIEX
QTRAP 6500 +, > H] f 5 =L & U, Curtain Gas
(CUR) & 35, Collision Gas ( CAD) & Medium,
TIonSpray Voltage ( IS) “7-4500, Temperature ( TEM )
A 500, Ton Source Gasl ( GS1) & 40, Ion Source
Gas2(GS2) M 50, 7 AB Sciex [E KM 0S Hi%
FHERASBON 2% B 1 7 647 B sl AR 43,
JFRBI N TR 2 . DL W ) o i g T AR S N
PRI AR LU AR A AR BR (y ), LA B0 i e
BEARAR (x ) 22 i 20 Il A AR o 42, Pr A F5 A 1Y
&R KT 0.99, S RRMAM T RNT .
HEHERR ,y = 0.057 03x — 9.017 54e™*; H &R
JI AR,y = 0. 055 23x + 0. 127 75 ; R AR , y
= 0.070 78x + 0.096 51; 4~ &S B EAHER , y =
0.080 42x + 0.113 08; H & REPL AR, y =
0.060 40x + 0.006 73; HIJHFER,y = 0.009 43x —
9.041 40e™* ; R SAHER ,y = 0.021 27x + 0. 002
34 A HRR ,y = 0.020 12x + 5.268 93e™; 211§
BB SEUIERR ,y = 0.109 43x — 8.540 28e™ ; J& It
ZAJHER,y = 0.018 80x + 0.001 35; JFfHMR,y =
0.017 60x — 0.002 33; H &M AR,y = 0.058
79x + 0.004 11; HZAA MR,y = 0.076 78x -
0.001 43 ;-FUIHER ,y = 0. 005 83x — 0. 001 52;B-
FUIERR ,y = 0.001 57x + 2.923 87, 7-FiFE 47 i
2,y = 0.028 50x + 5. 045 40e ™ ; 4 fiffi-o- FUIHAR
y = 0.059 58x + 0.005 76; 4~ f-B-FUHAR,y =
0.177 11x — 4.024 60e™*; w-fHAR,y = 0.003
54x + 2.240 29¢ 7 UL EUIR ,y = 0.016 96x +
0.004 54; ZF WM AR, y = 0.157 85x +
0.008 09; 4+ fifi ¥ AHER , y = 0.083 80x + 0.007
69; - fifi AT IHAR ,y = 0. 136 39x + 6. 640 92¢7* ;4
B 2Ry = 0. 113 95x + 0.013 35; /1 JHFR ,y
= 0.071 65x — 8.515 17¢° ; JHER ,y = 0. 020 24x
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+0.002 37} EHER ,y = 0.031 60x + 0.005
21,56 HH/R ,y = 0.007 25x + 0. 002 48 ;23 iH
B2,y = 0.017 42x — 5.336 26e*; HE IR, y
= 0.037 13x — 0.002 17;23-fi B A JHAR, y =
0.014 46x — 0. 001 64; 5 A fHR ,y = 0.023 88x +
0.001 63;12-FFEA IR,y = 0.025 57x + 0.001
64; i A HRR,y = 2.001 28x + 0. 117 12; /1 JH
fR-3-BiMR,y = 0.116 72x — 0.004 69; &34 1
fiR-3B-#5% FHEERR,y = 0.023 97x — 0.001 72;
3B-FEMLAAHAR ,y = 0.019 67x — 0.002 09;3-fi
ZUHRR ,y = 0.036 45x + 0.001 83 ;%= 4 JIHFZ-
24k FE-B-D-H) % M FR, y = 0.018 37x +
0.002 69; 12-5A XK L AR,y = 0.003 60x —
1.291 66e™*;7,12- B A IHER ,y = 0.001 76x
+ 2,154 05¢™; i A MR, y = 0.013 90x +
8.73855¢™*; AE L H iR, y = 0.012 08x +
3.284 9le™;7-li L i H AR,y = 0.018 40x +
4.446 72 WA MR, y = 0.016 09x +
0.010 10;3B-HFR,y = 0.016 16x + 0.004 54; 4
fiti-w-FUIEAR ,y = 0.070 89x + 0. 004 13, FEAH
FETHEE R 2 BT 0 1) SO e T AR 55 A b D T
FRLGAE ARG R TR AR
1.2.5 KR4k sg

BUR BS540 B T 10% v v F S I v
5 G, 2K BB IR LIS Rl B S
FYTR LU 4 wm #R TR R -2 (HE) 34
o, WEELE i A 2R 0 B R AR
1.2.6  KEIRI 450008 F e el

PR g A5 SRR A e, Tl
UF1%) PAGE i ARFL FREZ) 20 we B, 2K,
RS et B PUATEE | 65 8 A
BERG T E AT
1.2.7  KRE g5mn e b gy

Yl &k e s K4k bulse =2 B W —
WE P E DAB B AR K Y FE
SR SRAEREAAH RO, A PP E AR L i
1.3 SitESh

P £ P BME + R dER 25 (& £ sx) R
7, f#iFH SPSS 22. 0 . Image-Pro Plus 6. 0 X453 F11
& R Geit 204, 32 F ANOVA BA R 207 22 730 47 LA
Je Z2 4 a0 oA, 4 R) e AR LSD 23 #r, P <
0.05 K2R BA BEME,

2 #R

2.1 BpEsEkEiTm

55N ZHARLE , M 2H P A 1650 {1 1 f 25 B AT
(P <0.01), T FHRIEA G , KBRS P IR 1
E M A BFE (P < 0.05) , 2R M IFEIE 7
Ze 24 JE ] IR 2 RREAROR By N IR M (LR 1)
1 HSHKRERG AWR B{E(x + sx, n = 6, mmHg)

Table 1 AWR threshold of rats in each group

after modeling(% = sx, n = 6, mmHg)

s DA 1 (L 2 N INERR B {E
il . : ) .
Visceral pain threshold  Visceral pain threshold
Groups . . .
prior to dosing after dosing
4
Nl 75.33 £ 3.15 76.33 = 2.69
N group
M £ .
il 60.17 +2.23™ 60.33 +2.97™
M group
YGFP A wi #
YGFP group 60.33 +2.13 70.00 = 2.36

T 5 NAML,” P <0.01; 5 MM, P <0.05, (FE
Il)

Note. Compared with N group, “ P < 0.01. Compared with M
group, *P < 0.05. (The same in the following figures)

2.2 PEHERRM

WA 1, M 2R H T ER A e B A N 4
BRI (P < 0.05) , YGFP 1% M 41t 2 R
(P<0.05),
2.3 MmiFH IL-6 1 CXCL1 8%

5 NAHME, M 4HAY IL-6 f1 CXCLI & & i
ZEFE(P < 0.01) ,YGFP 2H%E: M 4H 3 3 1A% (P
<0.01) (WK 2),

H. 5 N4, P < 0.05, (FEIR)

B S RRIGHYIRE (v £ 52, n = 6)
Note. Compared with N group, * P < 0. 05. ( The same in the
following figures)

Figure 1 Total bile acid metabolite

concentration(x + sx, n = 6)
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B2 g IL-6 fl CXCL1 & & (% + sk, n = 6)
Figure 2 Serum levels of IL-6 and CXCL1(x + sx, n = 6)

2.4 AREHREFNE (P > 0.05) , M AL R PKC & 3%
HE B in M ARKRREHFREAL 8 BB EEIM(P <0.01,P <0.05),7 YGFP J&
RIEHMMLIZIE R WA ; YOFP HRGEANME RS HAEZE PKA K451 PKC & H KA
R M LB AR, R AR (WK 3) . WA RSP > 0.05), W71 PKC &3k
2.5 KREIF. %85 PKA #1 PKC IE B Ri% BERAL(P < 0.01) (WK 4)
5N A, M4 KR PKA EH% I [ 25 1) S g 2 A T 434 R T, M
KB BIEIN(P < 0.05), AliAH) PKA FEFAEXA A N 4580 PKA PKC £ IAH &7t

B3 Zip HE 0
Figure 3 HE staining of colon

B4 [l 4505 PKA A1 PKC W AT RIA (2 + sx, n = 3)

Figure 4 Relative protein expression of PKA and PKC in the ileum and colon(x + sx, n = 3)
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E(P < 0.01),F YGFP J5 KB BIEML (P <
0.01,P <0.05),(WHE 5),
2.6 XREF. % CREB NEBRIE
4N Western Blot 255~ , 5 N 4AHEL M 41
KB G571 CREB 25 1 2635 B3 (P <
0.05) ,YGFP 40 K Kl i CREB 2 4 %3k i 3%
FEIR(P < 0.05) (&1 6)
e di b AT s, 5 N 4 AHH, M 41Kk
FUE 7 . 45 1 /) CREB 25 (1 R B 3 m (P <
0.01) ,YGFP 41 KR &5 ) CREB & 1A B %

AR (P < 0.05, P <0.01) (7).
2.7 XRERF., &% SHT2AR #1 5-HT7R B &
SE3%

5NAM, M A RBRE ., 4mes-
HT2AR 1 5-HT7R &H H LB B (P <
0.01),7 YGFP J& K45 1% F1 ml i 9 5-HT2AR
MIS-HTTR AR IE B EFFHFEI(P < 0.01,P <
0.05) (WL 8)

WL 9 3 3% | g | 4 g ) e g LAk TR A B
AT M ZHE N H Il 45 1 5-HT2AR 5-HT7R

B 5 [Fg. 4% PKA F1 PKC b g 6 B 538 (2 + sk, n = 6)

Figure 5 Immunohistochemical staining and analysis of PKA and PKC in the ileum and colon(x + sx, n = 6)

Bl 6 [ulfn 45k CREB B HAMXIRIE(x £ 2, n = 3)

Figure 6 Relative protein expression of CREB in the ileum and colon(x + sx, n = 3)
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7 [ 5 CREB G AL Y6 S 0T (% + sx, n = 6)

Figure 7 Immunohistochemical staining and analysis of CREB in the ileum and colon(x + sx, n = 6)

B8 [/ 45 5-HT2AR Fl 5-HT7R (B IAHX 335 (% = s, n = 3)
Figure 8 Relative protein expression of 5-HT2AR and 5-HT7R in the ileum and colon(x + sx, n = 3)

B9 [ml7 45 S-HT2AR FI 5-HT7R MG pe by 0 S 8 (x + 52, n = 6)
Figure 9 Immunohistochemical staining and analysis of 5-HT2AR and 5-HT7R in the ileum and colon(x + sk, n = 6)
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ZEIAP B TFE (P < 0.01) , 255 YGFP J5 %k
BERAL(P < 0.01,P < 0.05),
2.8 XREBF. 4% Z0-1 1 Claudin 1 HEH
xik

5 N A, M AR R S5 Z0-1 Knl
[ Claudin 1 fYZE A B MK (P < 0.01,P <

0.05), 7 YGFP J5 KR %58 #0 18l fig 1) 20-1 Fi
Claudin 1 2 HFRIEHA FHE B (P > 0.05) (W
’10) . 3Lt i | 2 W o) S pE A0 B A3 B
M A8 N [ 45 Z0-1 Claudin 1 3R
SRR (P < 0.01) , 255 YGFP J5 ik i & Tt
H(P <0.01,P<0.05) (WK 11),

B 10 [\ 45 Z0-1 #1 Claudin 1 R EAEX FiE(x £ 5%, n = 3)

Figure 10 Relative protein expression of ZO-1 and Claudin 1 in the ileum and colon(x + s¥, n = 3)

B 11 [E5 458 20-1 1 Claudin 1 (5 REA YL@ I (% = sk, n = 6)

Figure 11 Tmmunohistochemical staining and analysis of ZO-1 and Claudin 1 in the ileum and colon(x + sx, n = 6)
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3 itie

rh B2 22 DAJTF I 2R 308 Sk R38R R v R e
75 1BS %9 o L, IBS P JIE i ot S0 A i IR
S BEZ RO, BRER Z A 2+
REASRE AN A L2 1, 32 1k 2 Pl 35, Gk
S5 RHE 3 A7 2 H s BE il IS IR = iR
SrAE B 7k, IR, AT R
W RO i s, A LAAT g &k
S, ERAE LRI | B0E T I B, R 2R BRI T
AR, FHRRTE A TE B, & O AL, 7S 2322
PRI 22 2k R AR TS 2 Bh Ak, Al -
[, AT IR A, ML A A 5 R B AR K
A B AT R A FE S AR A BRI PR AUk
PERCE #2400 S s, R B T3, R R
F14) A R 8 {1 S s, S AT

JEH TR B 19 i 055 sl 9 VR, LR e g 1
R BRI AN IBS AR SR 2
[EIFFFEASEE " AHFSE M 4L S AR AR AC i
Y e = T N A IR T s SE TR A
IR M 2H 3 T R Wk 167 TT R i
PATT IBS i 18 AR AR B R IR (14 736

HWFIER I, PKA  PI3K/Akt Fil PKC 2% 2
I RE PRI AR AR PR - 5, 5 e R I v U
T FECBS 1A, ARHESE IBS BRI R N
Y11 fi | 25 W 9 PKA | PKC Y 36 35 B 2 7t 5,
PKA. PKC F 2 ik W /0. ¥R B IR A (eyelic
adenosine monophosphate, cAMP ) {5 5% 5 i) i A8
LR IE D RE R A G X E N RIRYT
IBS FEAEIR B TS TE H AR, cAMP %55 cAMP 48
P PKA BOBAL , 2 fi 4 T UF cAMP {5 515 5,
W CREB, B 5% 38 2k % [0 i | 45 i 1) 2 1 AR 6T
FIRHTRIL, M 415 N 411 451 1) CREB
(235 W3 T+, YGFP 411 CREB /Y %1k B %
FEAIC

S K B, IBS 5 40E YK ik % )
M AR, B 5 A 1BS /N B
IL-6 i 938 3K 6 Al F-o (tumor necrosis factor-a,
TNF-a) | IL-1B, IL-8, B2 % 40 g & 1k 2 -1
( monocyte chemoattractant protein-1, MCP-1) #l
CXCR3 S RIEHCH FURET =, 1L-6 Al IL-
8 J& IBS FHEHYHAE F 1, J& R M S i 2 & 1)

TR 985 SN, CXCL1 5 1L-8 B4 W AE ALY
YERT, CXCLI 7E % 45 2 I 9 18] 25 5 8 vy i R 38
MNTTTAEE RAE SRR, AR SEI0 25 3 7 | IBS A 7Y
KB GEA T 1L-6 F1 CXCLI & & 5 & T}
o, R 7 S SO T B, R W R
[ AT REATG IBS K BRI 48 5E S [, 5-HT2AR J&
P2 PR MBI AR SE 1Y 5-HT SZ2 4K 7 %Y | 5-HT2AR
Wsh 7 A 5 B K 45 s B o W R B, 5-
HT2AR BEh770 0 34 0 IBS 25 & 15 5 1 1 b i 3
2 5-HTTR J2& G & BB Z K ik rh i
G2 W IR 22—, LA I S 1 LA st A P
JBE TR AR, 5 IBS FpmAa kT, M
il 5-HT7R S BUE J7 BAE T+ 55, Wi BE W7 038
UGB AR AR P AR A R R M4
KEI% 457 1) SHT2AR F1 5-HT7R & [ 40 %
FEIREE N LB 3G, A R 2 5 KR
gl al i i) SHT2AR F1 5-HT7R 85 A X 235
38 3 A, AT PR M8 T VR T S-HT 3% 4R W0 R )
Feik, XL gE BEE R R R A9 T B A B
HEAE FIPAIF UM

BEAN  IBS H P I it 0 ) Ak YR B R
o ot s ) R o i A 560 M dl Bt e PR L R 41
'K % % #2285 H (tight junction proteins, TJP) 41
A, TR T A0 M S v, LA B Ik I N R AT E
Yy 5 i A B AL ZH 21 ZO-1  Claudin
1 F1 occludin J& i HZ W TIP 47, 7 4E R 8 5
BEINBE & ¥ B EAE . Western Blot A48 40
T2 R R 1BS BBLR B Rl i 45 ) Z20-1
K a1z Claudin 1 B AR XT84 N 20 W) Bk
%, R N7 T TS KBRS i Fn el Rz i 20-1 il
Claudin 1 8 HFRIRIAH Frig i, 28 1BS K KA
FENAIE Bt [ T 68 B A, 0T 46 B 3 oA B =
EH,

PR, 390 JFF K 9L 37 1T R 3 2 1 3% PKA/PKC-
CREB 3 % , i 2 K7, {2 7F I 18 5 2% i $2 2R
H B 1BS KR 38 7 B D) RE , M T RGP i
e B T k3 1BS SR
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ZET A ER HHEF HEST KE
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[{BE] HH T JAK2/STAT3 5 5B MR B BA 5-FURBELE ( 5-fluorouracil, 5-Fu) Xt Lewis faf
FABRL NI B IIRIE R . 3E KBS (20 mg/kg) IB6G 5-Fu T Lewis fifid /N BUS RO B E i
FRE ARV AL 38 3 R A BT (HE ) Y0 US4 2005 BRAR AL, 38 o F e 41 204k 2% e (o W 58 1 Al AH 56 B
Ki67 Fik /K FA84k i TUNEL Y2t 98 2H 20 240 i 8 177K S AR Ak, 38 2o G 98 20 2 Ak 2 e £ W 22 90 2 41
HXt JAK2 \p-JAK2 STAT3 Fl p-STAT3 EHFBKFERZEIL, SR SHEAMAMLL, B& T U5 /N BRI R
Bl s/ BRI EE L(P < 0.01) AABTETHE (P < 0.05) AR AN AR, AP A AR G
M Ki67 F=ik B WKL, TUNEL FRic A998 T- A0 B3 £ 5 p-JAK2  p-STAT3 AR ETHE . &i  #E KA
AT JAK2/STAT3 {5 5 3d i, T8I0 5-Fu %] BUSE 4 il /R A

[ER] Wl e/ B B5F  JAK2/STAT3 {5538 [ 5 5-Fu
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Scutellaria baicalensis exerts its anti C57BL/6J mouse lung cancer

effect through the JAK2/STATS3 signaling pathway
combined with 5-Fu

LONG Yali', LIU Yali', YANG Mingxuan', TIAN Qihui*, ZHANG Yong'"

(1. College of Veterinary Medicine, Gansu Agricultural University, Lanzhou 730070, China;
2. Gansu Polytechnic College of Animal Husbandry & Engineering, Wuwei 733006, China)
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[ Abstract] Objective To investigate the inhibitory effect of Scutellaria baicalensis combined with 5-Fu on
Lewis tumor bearing mouse lung cancer based on the JAK2/STAT3 signaling pathway. Methods To detect the
changes in body mass, food intake and tumor volume of Lewis tumor-bearing mice after intervention of Scutellaria
baicalensis (20 mg/kg) combined with 5-Fu. Pathological changes in tumor tissue were observed by HE staining,

expression levels of proliferation related protein Ki67 were observed by immunohistochemical staining, changes in cell
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apoptosis levels in tumor tissue were observed by TUNEL staining, and changes in expression levels of JAK2,

p-JAK2, STAT3, and p-STAT3 proteins in tumor tissue were observed by immunohistochemical staining. Results

Compared with the model group, the tumor volume of mice after combined intervention significantly decreased (P <

0.01) and body mass increased (P < 0.05), but there was no significant change food intake. The expression of

proliferation related protein Ki67 in tumor tissue was significantly reduced, and the number of apoptotic cells labeled

with TUNEL was significantly increased; The expression of p-JAK2 and p-STAT3 proteins is elevated. Conclusions

Scutellaria baicalensis decoction can inhibit the JAK2/STAT3 signaling pathway and increase the inhibitory effect of

5-Fu on mouse lung cancer.

[ Keywords)

lung cancer bearing tumor mice; Scutellaria baicalensis; JAK2/STAT3 signaling pathway; 5-Fu
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it 72 42 PR EUTE FR [ 102 g R AIAE T %
T o (R g 2 — 12 R e i 1)
TRSERIBET 3R 7 T A W g A 5 — A il
A EZE 5 KRR A e 7R
FIr A it g8 v 3E 7N 48 M i 98 ( non-small cell lung
cancer, NSCLC ) Fr 5§ 09 H 1l J2& &% &5 1, 1 76
NSCLC Fr A By 28 v i i 2 dse D Y [] osf e
IR LB D P > A A 5 A 1
S FRO R AL B WG 2 (R A 2 A B SRR
I7RMEATIIREL D

HATEE X g i 3a 97 T B DL R i AT
SRR ] 7 TR 9T 0 3, b ABYPAE NSCLC RYT
T Bk )2 ARG 254 5 AT B Y 2 A
VR W BB A A i A A R R S-TRUR s e
(5-fluorouracil, 5-FU) & i 1697 & FH 0946y 24
Z— X Z ) b I A B R AR AR E R X i
T AR = BURNE, HAFTE 1Y — 2 T 24 19 52
PRI, TR —FpEE X 5-FU 3930000 7 20 Hilfs R bz
MZCEZ, BT MR IRy SR rh Bos
BAFAE ] A5 WA 765 10 7 i 8 7 T 127
o TAREF IR . AR PR, FEIRE N
T 13NN £ 7/ B S BT B R AT ST DG =
FIRER B, B GBI O RE . 2
ARG R I b 24 R AR Ay B A
T PI3K/AKT/FoxO3a {5 5 %, #1155 T HepG2
JFSE AN AR BT T ST B A5 B RS B A AT L
IR N F kB (nuclear factor-kB,NF-kB) {5 5 i
B A TP S A A A G A TR KR TR
SEU R RS T S 9 5 24 SR AN R 4 R R
TRV ST RE T 17 1 o0 D1 5 958 0 245 40 A X6 55 1) B
B, (HJE  HR Xt 5-Fu ELAA B AE AT R T
T — BB E, MO, JAK2/STAT3 {5538 =

557 b 2 B 3 A | A AR RSB T A 2 A
2 YIS 5 E I ALY 25 AR i A
HIEEEAVE &5 5 JAK2/STAT3 135 5 BE AH e
wANBAEG . B, AWF ST Bl T CSTBL/6) /N B
PRITEE BT 5-Fu Xt Il8 1936 57 V6 X vl 25 4y
BT TERL , S sh i IR S 2%

1 #R57FE

1.1
1.1.1 S

4 JHi C5TBL/6J /N 24 A (HEPE) | SPF 4%,
KB (18 = 5) g, HAM K FEIY L5 PO g
HE[ SCXK ( #52)2022-0009] , /B4R 35 T4 M 2
PR Be [ SYXK(757)2022-0044] , (SR IAEE . L
HEAH5E 20 ~ 24 °C ,JBE N 40 % ~ 70 % ,12 h 1§
PR NBL A BTPORIRE, RSB T A #REE
i M K 2E S PR ZE DL L (yxyl1-2024-177)
112 4

Lewis /]y BUAE /I 41 it i 9 400 it (4t CL-
0140, 1ty A RDEHFE) .
L3 FEE S5

BA A B M BE B B 1 A R
( proliferation related Ki-67 antigen, Ki67) 2 i fEHT
R (Ht5 :ET1609-34, 1 H AT/ HuaBiol 24 7)) {7
5 T P AU SRS I F 3 (signal transducer
and activator of transcription 3 ,STAT3) £ 5w A
(#1t*5 . ET1603-40, 1t A HtJH HuaBiol 24 F]) B2
G 58 FHF M EHERTF3
( phosphorylated signal transducer and activator of
transcription, 3 p-STAT3) £ 7 B T & (Hit 5.
ET1603-40, g [ T/ HuaBiol 23 &) ) | H i & -3-
W R B A W ( glyceraldehyde-3-phosphate
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dehydrogenase, GAPDH ) £ ¥ [& $1 & (4t 5.
ET1601-4, 4 [ A0 HuaBiol 23 ) , £ 1 1 4 2
W4 2 (Janus kinase 2, JAK2) ZF0kEhiik (#5 .
GR320396-3, I 4 ¥ [E Abcam /A 7] ) iR L
Ji% %2 R ¥4 & 2 ( phosphorylated janus kinase 2,
p-JAK2) Z S HUIA (H1L5 . GR3184958-7, Il [ T
[ Abcam 23 H]) |, IIEHUR ZHT (Hit-5 : RS0002, 1
H 3 E Immunoway 23 F] ) , DMEM £ 7 3E (L5,
MAO0212-1, 18 A KiEFEAeAw]) | IEA- T (it
164210, 1 H R HFEA ] ), TUNEL T4 4
WA & (5. GDP1043 1 s ZELE/R A F])
DAB & a7 & (HIt5 . G1212, W 7 2RI ZE4E /R
INE) , AR AN A S FR4H ( H A Panasonic 23
A, MCO-5AC) , IE EOG WA ( HAS Olympus
ow],BXS3), WOGIL R AR E WM (H A
Olympus 23 7], 1X81) ,
1.2 FHi&
1.2.1 A 5504

Lewis /)N BAE /)N 2 o Jili 9 20 B 76 T25 20 ffd 5%
FOf R AIML o 3 IR A (B A 10 % G4 I
WA %H 8RR + 555 R 1Y DMEM #5535 78
37 °C F15% CO, 55145 T 240 35 532 46 2475 L
B3t BAn AL A E] P4 w0 Ak K 2
MLEA TS5

PRANEESE Lewis /N AR 71N 200 it Al 96 40 L, 7
fbJ5 FH PBS K 40 e B s M 1 x 107/mL, 78
C57BL/6] /INERAT R R T 2547 B B 40, S i
SEEH 0.1 mL, BTl R PR AR AT
R At A2 0.1 em X 0.1 em X 0. 1 em ZE47 K
/NSRBI SRy AR ) A AR s R
IR AR, IEBELKE /N L5 R (Model )
2H ¥4 (Huanggin) 2H \5-Fu(5-Fu) UL S 35 +
5-Fu(Huangqgin + 5-Fu) 41, #4i6 H, Wik AE
S ) 25 959 s e B ikt ) AR A i TS 56
S5 WG B K ADRVE B R E N 10 g/kg, BT
20 G s AR FEER /K, 0. 1 mL/d g [R) s AR
Eh7K,0. 1 mL/d, BER 1 IR, HESE 14 d; 854
B EAKFIE 0. 1 mL/d, 8K 1K, ESE 14 d;5-
Fu 41 A RHE ST 0.1 mL 5-Fu(10 mg/kg) ,
T W, TELE 14 d; 85 + 5-Fu 41 45 R0 s 1
0.1 mL 5-Fu( 10 mg/kg) FI¥E B # 5 /K B, B K
1R, %4 14 d,

1.2.2 —BIE Bl g

WRE /N AE A TS SRS 10 SR/ RO £
FVA T i, AT AR A A L, R R
(R TR STl X R R LN A = N NI g AR A E I
FEIFRAT = 8 n RIKTTR () /5 1| RIKTTE
(g) x 100 % ; JHRAEBITEARX = 0.5 x £1& x
AR,
1.2.3  BEX KA 45

$ 100 g A 0.5 L 2848 /K &0 1 h, $2
TKALHE, R e B4R U, ik 4 C & H . DLRLA
20 g WRZG I, PR A H/NRAE H JE H 7
N 0.57 g/kg,
1.2.4 JRAL PR EIE S

AEFE/INERUG , 58 23 Lewis fifidaa /N UM &
N, 4% 22 5 F RV 1 e A1 80, WK R
FHA WX 21 2Lk A3 R 5 o i B ik AT U
HlF R 4 pm ALY . AU R IRIRE
o TSR R R 2K AL BE A, T R
K 7637 C &/ W 5, 1 PBS vk, 75
ARZE-PHL (HE) Ytk AT ge o, {5 FH ) A
B, A T, WSS iR 4H 2 BT
A,
1.2.5 JRAR G H A Y

/NI L) R w BB RS 2K T
FEE L4 C TR UK Ki67 (1 : 200),
JAK2(1 : 400), p-JAK2 (1 : 300), STAT3 (1 :
200) ,p-STAT3( 1 : 200) ,5¥&F —Hi(1 : 1000) ,SP
WA BARRHTZE Y BKE R, T R

B EE FARE
1.2.6 JEZZ TUNEL Yt

FIALFRA] 1.2.4, 91 Biws J5 , i A TUNEL
P, 37 C A4 FIEE 60 min, i H PBS 151k,
i & DAPI Bt oe e K & Rk AT 3 R, 78
WO A2 T R B/ B R 40 2 4 i
AT
1.3 FitEHE

Vi FH SPSS 22. 0 Geit i 51t i, 45
SR HIIAME + FRUEZE (x £ ) R, Z A%
() H R ] One-way ANOVA , 19 9 L 488 R FH ¢/
BELE(LSD)KBE, LI P <0.05 hESFAA R
E
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2 #R
2.1 HEPE 5-Fu 3T Lewis BE/NRAE SRS

iR A R0

HA/NERE RS R4 GBI 5
MR H A, v 50 21 1 0 B B /KO oK LA (e 25 5%
(P >0.05),5-Fu 41/ EURG iR S — i, e 2 4k
THEEMRAS A MBS + 5-Fu /N =
KRR 2 (P > 0.05); 5 5-Fu 4 L%,
B+ 5-Fu /NG Sh3E e & i sk
THEESR(P >0.05), W3 1,

2.2 EZEBA 5-Fu X} Lewis fE/NRIEREH
=210
N 2, TR, 3 50 4 A i oK L
W2ER(P > 0.05) , He7m B85 0 fap J 7 B T &
SO AR 10 RIFIR, 5-Fu 478 AR R T &
BELIZES  BASI 2B X (P <0.05), #
BT 5-Fu 2H, 8% + 5-Fu 20/ BUA B =28 16 7
FLFESS 14 RARFTHEARFH(P < 0.05)
2.3 EEHKE 5-Fu dH/MNRBERIETL AN
SRR LA e, B A R AR R AR b TG B i 22
S(P > 0.05),5-Fu 4LRI8% + 5-Fu HMEE 6 K

1 FANERMSERE(x 5,0 = 6,g)
Table 1 Food intake of each group of mice(x = s,n = 6,g)

fiflil/d
Time/d 0 2 4 6 8 10 12 14
R
18.13 16. 66 19.20 17.37 15.56 17.92 16.55 16.37
Model group
A
; 16.22 17.35 19.33 16. 68 14. 89 18. 44 16. 31 16.19
Huanggin group
Fu #
S-Fudll 17.32 16. 32 18.58 16. 25 14.20 16.22 15.37 15.17
5-Fu group
LS -Fu 4
o M +5-Fudl 17.02 17.24 19. 11 16.79 14.73 17. 64 15. 86 15.82
Huanggin + 5-Fu group
®2 PEUABERZM(x £5,n = 10)
Table 2 Change of the body mass of mice(x = s,n = 10)
fiffil/d
Time/d 0 2 4 6 8 10 12 14
RIRIZH
100.0 = 3.4 102.5+2.7 109.4 +4.3 112.3 +6.8 119.3 7.5 127.8 £+ 7.7 129.6 + 6.5 133.2+9.5
Model group
il
o 100.0 £ 2.7 101.4 £ 4.3 107.2+5.5 110.1 +7.4 114.6 +8.2 118.2+ 7.5 124.6 +8.8 127.1 +8.9
Huangqin group
5-Fu 4l
100.0 £ 4.7 101.2 £3.5 105.4 +3.7 107.6 +5.4 108.5+6.5 110.3 +8.5"113.6 + 9.5 110.4 +7.4
5-Fu group
WA + 5-Fufl
Huanggin + 100.0 £ 5.7 102.5+4.3 106.3 £4.2 109.2+5.7 1125+ 6.7 117.4+7.2 120.5+8.2 123.2+ 7.2*
5-Fu group

T SHEALE, " P < 0.05;5 5-Fu AAHIL ,*P < 0.05, (F#[])
Note. Compared with model group, * P < 0. 05.
FEUG RARFT B A S22 (P < 0.05
WP <0.05), 55-FuHMLL, #5 + 5-Fu 4/)
FURARFANER 10 RIF IR/, B G153 X
(P<0.058{ P <0.01), W53,
2.4 BEEBES-FuX/MNREBEBAARERESH
A1)

HE QL @25 58 A 1, 75 R R hnic i iz o

Compared with the 5-Fu group, *P < 0.05. (The same in the following tables)

DIk S ARy ok W5 T RS v AN SN B |
TRLHA PR A M HE S B SR AR L, 5-Fu
21 e 200 M D S A, HE S 2L, AR O 40 N 1 B
AT IR 5 + 5-Fu A ME A 2 e 2
oA B A v, HES B AR, 20 MO A i ik H. S B2
o LA ESSRIER ARG 5-Fu BERE LR U
i 202U e A e RS 5 BEE 25
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®3 HEWAE 5-Fu d/NEURIATRIE (x £ 5,0 = 6,cm’)
Table 3 Effect of scutellaria baicalensis combined with 5-Fu on tumor volume(x + s,n = 6,cm’)

F ) /d ikl HA AU 5-Fu 44 WA+ 5-Fu
Time/d Model group Huanggqin group 5-Fu group Huangqin+5-Fu group
0 0.088 + 0.012 0.093 + 0.023 0.101 = 0.015 0.112 + 0.053
2 0.102 + 0.035 0.144 + 0.078 0.137 + 0.033 0.126 = 0.079
4 0.175 = 0.088 0. 197 + 0.072 0. 188 = 0.079 0.178 + 0.088
6 0.268 + 0.058 0.245 + 0. 068 0.193 + 0.087 " 0.207 + 0.072"

8 0.597 £ 0. 092 0.526 + 0. 102 0.296 + 0.103 " 0.225 + 0.069 ™

10 0.828 + 0.210 0.785 + 0.265 0.374 £ 0.125™ 0.278 = 0.074™*
12 1.277 + 0.289 1.104 + 0.375 0.525 £ 0. 188 0.256 + 0.092™*
14 1.752 + 0.421 1.620 + 0.533 0.837 £ 0.209™ 0.307 + 0.054™*

0 SREOHHAE LG, P < 0.01;5 5-Fu HAHLE, P < 0.01,

Note. Compared with model group, ™ P < 0.01. Compared with the 5-Fu group, *P < 0.01.
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Figure 1 Effect of scutellaria baicalensis combined with 5-Fu on the pathological morphology of mouse tumor tissue
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Figure 2 Effect of scutellaria baicalensis combined with 5-Fu on the expression of Ki67 protein in mouse tumor tissue
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Figure 3 Effect of scutellaria baicalensis combined with 5-Fu on TUNEL staining of mouse tumor tissue
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Figure 4 Effect of scutellaria baicalensis combined with 5-Fu on the expression of JAK2, STAT3, p-JAK2

and p-STAT3 in mouse tumor tissue
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[ Abstract)
Li01) against DNA damage induced by Helicobacter pylori (Hp) , Benzo(a) pyrene (BaP), and Hp + BaP, and to

Objective To investigate the protective effects of Ligilactobacillus salivarius 1.i01 (L. salivarius

evaluate the probiotic properties of L. salivarius Li0l. Methods After 1 week of adaptive feeding, specific pathogen-
free male Mongolian gerbils were randomly assigned to groups and subjected to intragastric administration of Hp, BaP,
and Hp + BaP for model induction. At week 32 post model establishment, therapeutic L. salivarius Li0Ol was
administered intragastrically. At week 36, peripheral blood samples were collected from each group for the comet
assay, while liver tissues were collected and tested for Cyplal gene expression levels. Results Compared with those
in the control group, the comet tail length,% tail DNA, and hepatic Cyplal expression levels were significantly
increased in the Hp, BaP, and Hp + BaP groups (P < 0.0001). Among these, the comet tail length, olive tail
moment, %tail DNA | and hepatic Cyplal expression levels were significantly higher in the Hp + BaP group than in
the Hp and BaP groups (P < 0.05). Following intervention with L. salivarius LiO1, the comet tail length, olive tail
moment, %tail DNA | and hepatic Cyplal expression levels were significantly reduced in each group (P < 0.001).
Conclusions Hp infection, BaP exposure, and the Hp + BaP combination induced DNA damage in the peripheral

lymphocytes of Mongolian gerbils, with the Hp + BaP combination showing synergistic damage. L. salivarius Li01 had

a protective effect against DNA damage caused by Hp, BaP, and Hp + BaP.

[ Keywords)

damage

Ligilactobacillus salivarius ; Helicobacter pylori; Benzo( a) pyrene; Mongolian gerbil model ; DNA
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Table 1 DNA damage grading scale
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BEA EWESIH(5°-37) TESI(57-37) P44 Fr BEK BE/bp
Gene Forward primer (5°-3") Reverse primer (5°-3") Amplified fragment length/bp
Mou-Gapdh AACAGCAACTCCCACTCTTCC TGGTCCAGGGTTTCTTACTCC 164
Cyplal GCCAATGTCATCTGTGCCATAT CAGGTAACGGAGGACAGGAAT 147

B 1 T AN I AR DNA S5 1 252 e
Figure 1 Morphological observation of DNA damage in peripheral lymphocytes of Mongolian gerbils
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BRI, B BRI S B E R
Hp 41 Bap LA HEEMS
2.1.2 L. salivarius Li01 X} Hp.BaP Hp + BaP
R TCVD B B 40 e DNA 363 45 98 25 2 7 1 /Y
Al

WK 1 Frs, 4 L. salivarius LiOl B2 5,5
Hp #HAH L Hp + LiOl HANM G RIS A 1 i
st EEER 1 O IE R 5 BaP 41AH EL, BaP
+ LiOl 4 A% 3 R B4 1 W42 5 Hp +
Bap ZHAH I, Hp + Bap + LiO1 ZH 1 40 453 475 [ b
(EERTETIE I Y-
22 ZFAKMDPRINENHKREBABEZ LY

&R
2.2.1 Hp.BaP Hp + BaP (K V> §Lif 48 e
DNA $i 4G

Wi Bl AL T U], X6 TE B X REZH Hp 2 BaP
41 Hp + BaP 24 5114051 JE) i bk B 240 i 2 100
AN X RS20 R 4 AT B B RS | Olive 2 FE A
HIE R DNA S e pyilaE, WK 2 iTLLE 1,
Hp 41 .BaP 41 . Hp + BaP 41 1Y% B B K 2 &6
DNA ¥ KT IEH 6 R4, B 8 % 2 51k
(P < 0.0001) ;Hp + BaP 4% R E K Olive B
B AN 2 E DNA S &3 KT Hp 5034 BaP 41,
HABEMEZSME(P < 0.05,P<0.0001) , R 42

3, IE XA TC5i 405, Hp . BaP 2135 v B 4
1, Hp + BaP 20 Ky =5 BE i A%5 .
2.2.2 L. salivarius Li01 X} Hp.BaP Hp + BaP
ORI Yb B 40 i DNA 5475 1 e 3 Fiss 2 78
gk

AR BEIL ], XoF 5 52 50 20 43 0l i 2y 100
ANBIE bk T 48 A, XoF B At R o3 0l AT R
K Olive E I AIEF £ H DNA & 5090 &, M
K3 M3 a[LLEH , Hp + Liol HiE EREK .
Olive FEHEFIEL B B DNA &4/ Hp 4, B
W 25 S (P < 0.001) ;BaP + Li01 ZHAY
HEEK Olive B FIE 2R DNA & &/
T BaP 41, AW 2 2 22 5% (P < 0.0001) ; Hp
+ BaP + Li01 49 E 2B K Olive BEEfIE 2L 2
B DNA S E¥/NTF Hp + BaP 41, HoA W i 22
SE(P < 0.0001) , MG 3, 1EH X R4 IS
15 ,Hp 40 R TR EER 405, Hp + Li01 41330 %% SRy Jo it
17 s BaP 4 ], BaP + LiO1 £H oo 36 Fiisi 5%
MR FER s Hp + BaP 418 & B 45 ; Hp + BaP
+ Li0l A5 AR BRI,
2.3 KIGHERAT cyplal EERIEKE

Kl 4 P, 5I1E W X B4 A, Hp 4 BaP
20 Hp + BaP 21y Cyplal mRNA Rk EIFHE,
HEAWBEEZS (P <0.01,P < 0.001,P <

L SIERSEAAMEL, ™ P < 0.0001 ;5 Hp AMH L, ™ P < 0.0001 ;5 BaP AL, P < 0.05,"*" P < 0.0001, (F&/%lH)
B 2 Hp.BaP Hp + BaP EK N> UM AN DNA BHZEHR (n = 9)
Note. Compared with CG group, ™ P < 0.0001. Compared with Hp group, **P < 0.0001. Compared with BaP group, * P < 0.05,

TP < 0.0001. (The same in the following figures and tables)

Figure 2 DNA damage caused by Hp, BaP and Hp + BaP in peripheral lymphocytes of Mongolian gerbils (n = 9)
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L HIEE X RAMLIL, " P < 0.05,™ P < 0.001;5 Hp Z14HLL, " P < 0.001;5 Hp + BaP AL, P < 0.0001, ( FEl/

[

3 L. salivarius LiO1 Xf Hp BaP Hp + BaP V> LA E bk 40 i DNA B0 /EHE R (n = 9)
Note. Compared with CG group, *P < 0.05, ** P < 0.001. Compared with Hp group, **P < 0.001. Compared with Hp + BaP

group, P < 0.0001. (The same in the following figures and tables)

Figure 3 Effects of L. salivarius LiOl on peripheral blood lymphocyte DNA damage in Mongolian gerbils induced
by Hp, BaP, and Hp + BaP (n = 9)

0.0001) ;55 Hp Z5{# BaP ZHAHLL, Hp + BaP 4
) Cyplal mRNA EiL&mHK W EF I+ & (P <
0.0001) ;5 Hp ZAH L, Hp + Li01 411 Cyplal
mRNA Fik &) W % TR (P < 0.0001) ;5 BaP
AL, BaP + Li01 411 Cyplal mRNA FRik &
BETRE(P <0.0001) ;5 Hp + BaP 404 L, Hp
+ BaP + LiO1 41/ Cyplal mRNA AL i 3%

TRE(P < 0.0001), Cyplal mRNA #6545 5 43
HriiW] Hp.BaP Hp + BaP JREMH K V> BUIT
Cyplal JEHRIFRIBKF- T, HYS Hp 3 BaP A
F M, Hp + Bap BETE 35 Mo 4R i 4 VD R 4R
4 Cyplal FEHN MR, 1M L. salivarius LiO1
T1iJ5 ,Hp 41 .BaP 41 Hp + BaP 41 Cyplal %t
IRl e ik s 5 B B R
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3 L. salivarius LiOl RG24 3L 4H KN AN DNA Hi451E R (x £ s,n = 9)

Table 3 DNA damage status of Mongolian gerbil cells in each group before and after intervention with L. salivarius

L0l (x £s,n =9)

2051 HERK Olive B HE T DNA &% RGeS
Groups Tail length Olive tail moment Ytail DNA Damage level
N IR AUAn
XTI 3.20 + 0.42 0.26 = 0.12 0.16 % 0.16 Gl
CG group No damage
Hp £ . G
p Al 91.40 + 48.55™ 14.43 + 8.26™ 25.30 + 4.85™" P
Hp group Moderate damage
Hp + Li01 £ b0
p+ LiOT 2 33.70 + 16.56™ 1.37 + 1.30%% 1.04 + 0.96" iith
Hp + LiO1 group No damage
BaP 4 _ "
ab 41 376.20 + 21.77" 87.37 £ 12.59 ™ 27.05 £ 2.15™ B
BaP group Moderate damage
BaP + Li01 41 LR L]
BaP + L0l group 170.73 + 10.55 10.15 + 0. 80 7.24 +1.22 Mild damage
Hp + BaP #H sk A s A + sk 4 TEJAJEEM%
Hp + BaP group 549.50 + 19.23 128.06 + 52.29 40.08 + 7.30 High level damage
Hp + BaP + L0l 4 B

Hp + BaP + LiO1 group

197.00 £ 22.57

17.80 = 1.917

8.83 +1.237

Mild damage

T SIEWXHRAML, ™ P < 0.01,
B4 HHAKINERIF Cyplal ZFFIXKFE(n = 9)
Note. Compared with CG group, ™ P < 0.01.

Figure 4 Expression levels of the Cyplal gene in the liver tissues of Mongolian gerbils in each group(n = 9)
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3 it

L. salivarius LiO1 {EA—FhELE R 25 A2 04, e
fi AR T A DR OGRS RS ST, T L.
salivarius LiO1 7 [ 22 2 B B8 I8 J7 1) 58 WH 40 iR 4
PRI/ INREE S R T B BAA R4 R 4R
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I Y 5 0 A5 5 30 R B FNR YT /N B
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BN R R IR A

AW E RS ah R Wos, B — A &R Hp,
BaP ¥IREECKINYD 40 DNA $i433, il Hp . BaP
WA P 5 | 7S 52 40 B ™ B, AR AH DG SR,
X H A Hp 8% 3y 5 B0 1 % (reactive oxygen
species, ROS) 75 | 6 241 i 40 Ak 07 38, 4 A 41k 1
P 2 DNA S B 22, 810 51 & S 16 % DNA 45
£ DNA 5145 7F Hp IR J5 B A 20N E & m
B AR SRR R R T A ET . SR
TR H], BaP ] LU I 50 ROS HYIE ok 5
SALRIY IS BN DNA 24805, 1eob,
BaP i AMLIAJG , 76 CYP4S0 B R BUTEA R, 4ot
— FR GRS Ak B A i 2 30 W) BPDE, H 4%
YEJIT DNA, 33 DNA 32845, B i i 24 1y
DNA F Bt PIAREGE7EE B 2 0, KIRT R
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2l @ T B, i (R RE %) % 8% &, Hp 11 BaP P
[F)VE FHZH IR 3 v BE A5 0, 37K P36, Hp il
BaP W& HA M EIVER] . L. salivarius LiO1 7
J& A T2 A0 L DNA $ 05 085 220 1 3 i
BEARWKE IEH, DL g5 R UL L. salivarius
Liol Al fE A A HLE N Z 5 1 DNA 5 £ Y
AR, X5 LIU % BT A R — 3K, ik
FLAF I RE(F BaP 55 /N B DNA 5 433 R R ik
. ZHANG %Y (B oy 25 LRI RE R L, T Li B
Hoor iy e 8 2 305 I A0 G Wi 0 75 0
KB, & BGE TR B DNA $51 45 Al 1 kg
M2 AE . — O o AR TR0 B0 W ) 0 3 D
PED g S 2558 ok R R AR S, — R i A A
XoF A 5 0 B ) R 86 ofe S R g — iz e R A
HOr U A B ) S Ak S TE R ) i AR R
it AR ok SR ARBIE S AR L L I

SR (1) BA kT, e b B Y
BaP B MR B, 5552 it A= FLAT A0 6 9 HLEE
TR AW VR 75 (2) B PR B L.
salivarius TS HAEAER) H,0, 7853 2 30
FRIAE W R R S E T, 6T L
salivarius LiO1 HA7 JIi JE X B¢ M i AL 38 B 5% 1F 78
#rh,

Cyplal B2 CYP1 KR —#B 4y, F2AE
JFE Bl k0 RRAE SCHER, Cyplal £ BaP
AR B R A AT S B A M g r g
& 1) BaP i 2 TH AbE 7 i BE SO I, P A
P, %558 5 G , 60T, BaP 7 5
IFRZIRE G BT R IR B M,
K Cyplal ke sRIZRTR R0 5 2848 25 UIAH oG 1Y
TE B E I (a) B (Benzo (a) pyrene-7,
8dihydrodiol-9, 10-epoxide, BPDE ) -DNA Jill-& ¥ #)
eI, BPDE-DNA 3 5(F& [ DNA J¥51 9 G 2] T
Bl EEZEAE ) il DNA 76 40 43 245 72 A ik
TEH S, B PR JCVE T A Y I AR 1, Al
A5 A2 F DNA 405, S BOR PRI N 7 1Y 3=
KB, SR 5| & A, £ AR AR S
H Hp JE&YL A IF BaP $EA (HP + BaP 4) iEiA S
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Hp & Jb 41 5 35 5 4 BaP 5 5 41, [A] B,
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AT, X — 250 AE— e 3678 1 Hp Ml
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[ Abstract])
by a high-fat diet (HFD) in Drosophila. Methods

Objective To explore the effects of camellia honey on intestinal inflammation and injury induced

A HFD model group of fruit flies was created by feeding with

standard culture medium containing 30% lard. Each camellia honey groups were fed the same high-fat medium

containing different concentrations of camellia honey. The body mass, eclosion rate, climbing ability, size of lipid

droplets, and levels of intestinal reactive oxygen species in adult flies were measured and analyzed. Results

Compared with the model group, each camellia honey groups showed significant improvements. Specifically, camellia

honey ameliorated the following HFD-induced alterations ; decline in eclosion rate, increase in pupal volume, increase

in adult average body mass, decrease in adult climbing ability, enlargement of the lipid droplet area, elevation in

intestinal ROS levels, and intestinal damage. Conclusions

Camellia honey improved the growth and development,

intestinal inflammation, and injury induced by a HFD in Drosophila.
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Note. A. Size of the Drosophila pupae. B. Body mass of the Drosophila. Compared with control group, * P < 0.05. Compared with model

group,*P < 0.05. (The same in the following figures)

Figure 1 Effect of camellia honey on the mass and pupal volume of Drosophila fed a high-fat diet
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Compared with control group, P < 0.01. Compared with
model group, *P < 0.01. (The same in the following figure)

Figure 2 Impact of camellia honey on the eclosion

rate of Drosophila fed a high-fat diet
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Figure 3 Effect of camellia honey on the climbing
ability of Drosophila fed a high-fat diet

SULBAASAE 5 B 0 0 /0 LB = R Ik B A g i i
N ROS J= A 1/ 738 RAE , i3 DHE 928658
&, BoRMEE AL S it ROS DGR R %,
2.6 FREMNFIERERIERERGHZNE

] 7 235 5 3% BH il 5 SR AR 2] (5 F 25 0 IR
A, M AL E AT XSRS AL ]
DLGE Sk = B kB B I B B A 1 L

3 g

FATFE) 25 A 11 o AL I [ e K7 e

B4 ZRABRN R TR R Al IR T e (T AR A LA
Figure 4 Comparison of lipid droplet staining area in
larval Drosophila fed a high-fat diet treated with

camellia honey
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Figure 5 Impact of camellia honey on the fat body cells and lipid droplet staining of larval fat in
Drosophila fed a high-fat diet
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Figure 6 Effect of induction of intestinal ROS production by a high-fat diet
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Figure 7 Effect of camellia honey on intestinal damage (leakage rate) induced by

a high-fat diet in Drosophila
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Data mining analysis of animal models of pulmonary fibrosis
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[ Abstract] Objective To study the characteristics of animal models of pulmonary fibrosis so as to provide a
reference for the standardization of such models, and to guide research on the pathogenesis, diagnosis, and treatment
of pulmonary fibrosis. Methods Studies using experimental pulmonary fibrosis in animals published in the past 10
years were retrieved from the CNKI, Wanfang, VIP, SinoMed, and PubMed databases. Factors including animal
species, sex, modeling method, and detection index were summarized, and the data were analyzed using Excel.

Results A total of 292 eligible studies were included. The animals mainly included SD rats, Wistar rats, and
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C57BL/6 mice, and most were male. The most common modeling drugs were bleomycin, paraquat, and silica

suspension, mainly administered by intratracheal injection, with a typical modeling cycle of 28 d. The detection

indexes mainly comprised lung tissue pathology and measurements of protein expression, cytokine levels, and

biochemical indexes. Conclusions

SD rats and C57BL/6 mice were the most commonly used animals for

experimental pulmonary fibrosis, and intratracheal injection of bleomycin (5 mg/kg) was the most frequently used

modeling method. This approach allows for the straightforward and effective replication of pathological features

resembling human pulmonary fibrosis, and may serve as a reference for future experimental studies using animal

models of pulmonary fibrosis.
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pulmonary fibrosis; animal model; data mining; pathogenesis; basic research
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Table 1 Frequency and proportion of pulmonary

fibrosis models

YRR AR/ /%
Animal species Frequency/times Percentage/ %
SD KR
1 .
SD rat 09 37.33
C57BL/6 /MR
C57BL/6 mice ol 31.16
Wistar KR, 51 17.47
Wistar rats
KM /M
KM mice 18 6.16
ICR /MR
ICR mice 6 2.05
BALB/c /MR,
BALB/ ¢ mice 3 L7
g >
%$Jﬂ$ 4 1.37
Merino sheep
L N
Albino rat 2 0. 68
DICC x DIBC /M
DICC x D1BC mice ! 0.34
Fischer K il
Fischer rat ! 0. 34
il
Tree shrew ! 0.34
EREP A
White rabbit ! 0. 34
SEaceUMANE
LR, 1 0.34
Wild type mice
CD-1 /M,
CD-1 mice ! 0. 34

B SCki AR

Figure 1 Screening process diagram
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R2 USRI e PR S MR BRECS o
Table 2 Gender frequency and proportion of selected

animal models with pulmonary fibrosis

R4 AFETH R A
Table 4 Frequency of modeling methods for different

induction factors

B LTk 20N it/ %

Gender of animal Frequency/times Percentage/ %

A

Male 210 82. 68
N HekR 75 19 7.48
Female and male

e 25 9.84

Female

R3O YEALBIRN G  RE N L
Table 3 Frequency and proportion of inducible factors in

pulmonary fibrosis model

I B/ IR /%
IR S IR FT: %Ieni\/ P:rjcenta Oe/
Modeling inducible factor ueney 8
times %
i 5he 2
RER 238 81. 50
Bleomycin
—E Ak
Silicon dioxide 20 6. 84
AR 14 4.79
Paraquat
i L
Amiodarone 4 137
PM2.5 4 1.37
AT X o
Radiation beam struck the chest ’
i
Oleic acid 2 0. 68
b A
_ IEER 2 0.68
Lipopolysaccharide
HH e
Methotrexate ! 0.34
Rk
Asbestos ! 0.34
2
A 1 0.34
Hyperoxia
.%ti 1 0.34
Cigarettes
i
Sulfur ! 0. 34

(R RE A S T B/ IR
bty 3 %%l? Ryt L/ IR
Modeling . Frequency/
. . . Modeling method .
inducible factor times
= 483 YA
HPEA 204
Intratracheal instillation
MR EA 10
s Intraperitoneal injection
Bleomycin A
Oropharyngeal inhalation 7
Hift
Other 17
= 455
s TEWNIEA
e Intratracheal instillation 19
Silicon .
dioxide FIMREEA 1
Oropharyngeal inhalation
FRIETEA 7
H Bk Intraperitoneal injection
Paraquat e ;
Intragastric administration
ERE 5
Intratracheal instillation
i U] F R 1
Amiodarone Take orally
FEIIEA 1
Gastric tube dissolution injection
BB THEWE PM, , 2S5
Exposure to high concentrations 2
PM2.5 of PM, 5 in the air
ST )
Intratracheal instillation
RS JisEany af
Beam of Irradiation of 3
radiation the chest
i Rk ’
Oleic acid Tail vein injection
ATEA 1
[EEA Intratracheal instillation
Lipopolysaccharide EALA
Inhalation !
A 1 1
Methotrexate Take orally
A P A T 1
Asbestos Oral intubation drip

o TRMEBTECH 95% M3 a b

" Place in an animal oxygen chamber with 1

Hyperoxia a volume fraction of oxygen of 95%
ik R !
Sulfur Smoke out
AR = 1

Cigarettes Smoke out
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RS ORE R ARG BT A A AL
(B = 2)
Table 5 Molding dose frequency of bleomycin in different
molding methods (frequency = 2)

T R/ (mg/kg) L I
Modeling method Dose/ (mg/kg) Frequency/times

5 126

12
8
10 8
2.5 9
SEREA 4 6
Intratracheal instillation 1.25 3
6 3
0.5 2
1 2
16.7 2
7.5 2
BUEEIEA 15 5
Intraperitoneal injection 35 3
H IR A ) s )

Oropharyngeal inhalation

2.5 EEEH

RN T RN 75 S il 27 4 A0 0 3 R AN
], WS R E A 22 5 IR A RS BE SRR
LBy A S N VN R L B e W 1 ]
=, BRI W36, il 2T 2 Ak 3 4 R 3 AR

R 6 A[EIE T AR A R OORGRT =)
Table 6 Frequency of modeling cycle for different

induction factors (top 3 frequency)

a7 J SR 25 ERE I d WL Tk
Modeling inducible factors Modeling cycle/d  Frequency/times
e 28 96
o 21 29
Bleomycin
14 19
— 28 4
A - 4
Paraquat
21 2
“H AR 2 ’
—3A
Silicon dioxide 30 2
56 2

KM, BT AR 5250 H Y RN SEBRops Ol i 85 5
Aif R =,
2.6 MR

W 7 XA A SRR I A A 8 ARtk A T 48
THdT, 25 5 3R B AR A A 0 8 b 3 02 il 41
ZURHE B RR A T il 2 R A
i BRI ERIR A AdE AR O O I ERE il &R
BOIBHEE) 4t B TS 1 A R8I 1) 2 i
HAVRHL (269 K) R BTERIA (222 1K) AL
T (186 W) FRIHZ MR & & (176 IK) HEH Kk
(104 %) AL S E(96 ), HARK 45 bR
HREL

e L AR R AR Rl E AR

Table 7 Frequency of pulmonary fibrosis model detection indicators

A8 b

Specifie indicators

LSRR

Specific indicators

BHEL IR

Frequency/times

HE J¢(% Tunel (% Masson He(® Sl 5L Yo (4 S8 WAl 2 91 10 S5 44 72 A A i

Jiti 2 4 B WL 4%
Pathological observation of
lung tissue

LHLS I RE L 5 (8 P2 S5 el B WL M 2H 2 ) e 2
HE staining, Tunel staining, Masson staining and immunofluorescence staining were 269
used to observe the structural changes of lung tissue and the degree of lung tissue
injury. Microstructure of lung tissue was observed using transmission

electron microscopy

Western Blot #6:IU # 4 75 fili 41 21
EHFRD

Protein expression

BRI, e Uk S TOLMEE AR
LY VA=

Protein expression in lung tissue was detected by Western Blot, and the protein

222

expression location was observed by immunohistochemistry and immunofluorescence

ELISA 857 LR M vE gl 2V 38 Bl v b 4n s A+ (TL-18 . TNF-ar |

i) eSS
Cytokines

IL-17 IL-6, CTGF PDGF VEGF %) [ ik
ELISA and other methods were used to detect the expression of cytokines (IL-13, 186
TNF-a, 1L-17, 1L-6, CTGF, PDGF, VEGF, etc. ) in serum, lung tissue

homogenate and alveolar lavage fluid

IR & i

Hydroxyproline content

ELISA 158G S48 75 ¥E R I 36 i 20 25335 b Bl Wk 1
Levels of hydroxyproline in serum and lung tissue homogenates were detected by 176

ELISA kit
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LRUEEEAY HARAEdR B
Specifie indicators Specific indicators Frequency/times
LRk YLE T PCR 538 PCR 4577 W AGHI it 21 21 i ik (R e ik 104
Gene expression Gene expression in lung tissue was detected by real-time PCR and general PCR

PUAALRE Sy AL RL I (L / ML L e I L 2 S 3 T A 4 T
T B A AL R S S B A R A AR )
Antioxidant capacity, oxidative stress analysis (reactive oxygen species, 96
malondialdehyde, myeloperoxidase and superoxide dismutase levels in serum/

EERLANR € 2

Oxidative stress parameter
plasma, alveolar lavage fluid and lung tissue homogenates)

Bl R = MR () M FR (ke)

Lung coefficient (lung Lung coefficient = lung wet mass (g)/body mass (kg) 63

index)
R EOIRAS ; R EAT N (BhHe sk BRI ) s B RS (MAEI0E
L ) RIS (ZEBEAIR) 5 WMOIR B (RIME 202, (A Wi )

A . Weight change; cough state; abnormal behavior (animals scratching their heads, 47
General situation observation . . . .. .
fidgeting) hair condition (loose and dull) ; mental state (lethargy) ; breathing

condition (difficult, rapid, occasional wheeze)

TH IR/ JRRIEIRZS T 39 Bobl/ AR 2R VLR DD AR DN 5 (Jf G 91U il <kt
SCEWCARTRIE RIS G I SR B AR AR )

Jiti Dy g Segmental/invasive pulmonary function measurement ( total lung volume, tidal 43
Pulmonary function volume, alveolar ventilation, bronchoconstriction, maximal expiratory volume, vital
capacity, maximal midexpiratory volume, frequency, ventilation per minute) during
awake/anesthesia
DL A AL AT A7 ~
Condition of survival Survival days, survival condition, survival rate
SR ST SV R AN S G, e P A AL
P 2N MR -8 ( CCK-8) 34T i M 4T Al ( AMD) A5
AN . . .
Cell . Total cell count and differential cell count of peripheral blood, lung parenchyma and 30
o count bronchoalveolar lavage fluid; bronchoalveolar lavage fluid cell counting, cell counting
kit-8 (CCK-8) analysis and alveolar macrophage ( AM) detection were performed
NS ELISA | B 72 45 T s A il 6 9 vk v i L AT B
L e A5 T VR AGT VL VR rh A 1 B AR AT BR

Protein content of alveolar lavage fluid was detected by ELISA and colorimetry; 27

Bronchoalveolar lavage fluid alveolar fluid clearance etc.

JR IR A 1 Bl Western Blot % 5 5 U 1% Jifi 47 2 i 4% 7 16
Expression of collagen Collagen content in lung tissue was measured by Western Blot
it/ o i/ B e . il 2 R B e
Lung wet/dry mass was Lung wet/dry mass was measured and lung tissue dry to wet mass ratio 7
determined was determined
=<5 DE ML R RRIE , — S AL I, S0 T, S L 45 6
Blood gas analysis pH, PCO,, PO, and SO, of blood were measured
it By A R SR B SRR B0 | S WY IORS B A o0 4
Gross view of the lung Animal sampling and dissection, animal sampling and dissection
o B
SRR Pa0,/Fi0, < 300 mmHg 1

Index of oxygenation

3 it PRI b Th 3, 7™ B A T N2 0 4 B A A=
i o FURIT, H 12 3 Ao B e 36 A0 80 4 IRF ) A A

HTIREE TS Yy R A S A S e e IR ER A A T AT i, v

BN 1455 S RITAE 2R R o BE T LT ARAL B 295N A T v AT AR A
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Zebrafish applications in anti-tumor drug research and clinical studies
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[ Abstract]  Zebrafish is a relatively new experimental animal model with unique characteristics that enable its
wide use in research on many human diseases. The exploration of anti-tumor drugs and other clinical treatments remain
the focus of current research on cancer. Zebrafish characteristics, including rapid development, ease of observation,
high genetic homology, and low-cost gene editing, make them highly useful for tumor research. By covering the
applications of zebrafish in anti-tumor drug research and clinical studies, this review aims to provide valuable insights
for the further utilization of zebrafish in cancer drug screening, assessment of drug activity and toxicity, and clinical
research.
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[ Abstract] Emotions are an integral part of animal welfare. Facial expressions are increasingly used as a non-
invasive method for assessing the emotional state of animals. Dogs ( Canis familiaris) are closely related to humans,
and facial expressions are crucial for interspecies communication and emotional expression. This paper reviews the
neurobiological mechanisms of facial expressions and the anatomical structure of the facial muscles and their evolution
in dogs, the analogy between dog and human facial expressions, and the expression of various parts of the dog’ s face

under different emotions. These studies demonstrate that dog’ s facial expressions can be used as a potential indicator
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of animal welfare, and that dogs can be used as a model animal for studying interspecies facial emotional

communication. The use of dog’ s facial expressions to assess emotions will aid multidisciplinary research, including

in the fields of neuroscience, psychopharmacology, animal behavior, and animal welfare.

[ Keywords] facial expressions; dogs; emotions; assessment
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Table 1 Comparison of action units and the facial muscles in humans and dogs
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N X N N
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[ Abstract]) Recent research progress into the use of Chinese medicine has demonstrated good therapeutic
effects for increasing numbers of Chinese medicines for immune system diseases. Atopic dermatitis ( AD) is an

inflammatory disease characterized by type 2 immunity, and research into its pathogenesis and therapeutic
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immunopharmaceuticals has result ed in various different types of animal models. This review summarizes the existing

animal models of AD and their immune-related characteristics, with the aim of providing appropriate references for the

selection of future research models related to AD.
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atopic dermatitis; animal models; traditional Chinese medicine( TCM) syndrome types; immunity
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Table 1 AD clinical diagnostic criteria
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International criteria
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Domestic criteria

(Based on the Williams criteria)
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(1) Children under 2 years of age with onset of pruritus must
have had pruritus in the past 12 months

(2) History of skin fold involvement and generally dry skin in
past year

(3) Visible flexural dermatitis in adults and facial | extensor
muscles dermatitis in infants ( elbow socket, rouge socket,
anterior ankle, neck, including children under 10 years of age
with cheek rash)

(4)Chronic or relapsing dermatitis, with flexural eczema
(children under 4 years of age with eczema in facial \forehead
and extended extremities)

(5) Personal or family history of cutaneous or respiratory atopy
(history of atopic disease in 1st degree relative if aged or

personal history of asthma or hay fever ).
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(1)Infancy AD: infantile eczema, mostly on cheeks, forehead and scalp,
the rash may be dry or oozing

(2)Child AD; elbow sockets, rouge sockets and calf extensors, subacute
and chronic dermatitis as the main symptom, rash tends to be dry,
hypertrophic, and distinctly mossy

(3)Teen or adults AD; symmetrical eczema with lesions similar to those of
childhood and with a duration of more than 6 months + personal or family
history of atopic ( inciuding eczema, allergic rhinitis, asthma, allergic
conjunctivitis, etc)/raised serum IgE and (or) raised peripheral blood
eosinophils and (or) allergen-specific IgE positivity ( Positive allergen-
specific IgE test grade 2 or higher)

(4)Gerontic AD; rash is usually generalized, with a predominance on the
trunk and extensor sides of the extremities. The rash is usually present for
the first time in gerontic, with a history of child AD or relapse in older age,

first AD in teenager and adult or chronic relapsing course into gerontic'™*
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Table 2  Analysis of different animal models of atopic dermatitis based on western medical theories
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Skin inflammation Biochemical
Model Characteristic Skin lesion characterization
characteristic characteristic
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(1)Keratohyalin

(1) Pups(befor 3 weeks ) showed
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immune cell

populations
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(Fig ")
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Filaggrin mutated mice fi mutated -
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C57BL/6) background

skin phenotype ameliorated after (2) Levels of serum

[42, 45] [42]

few weeks
(2)Level of TEWLin

neonatal and adult

IgE unchanged

Flg™™ mice unchanged!*"
(3) Dry skin and epidermal
thickening in old age (after 16
weeks) \TEWL T[4 %/
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AD ik 4
(2)TEWL ¥ A 754k
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(1)No spontaneous AD symptoms

Serum IgE 1
in SPF conditions*']

(2) TEWL unchanged
(3)Mild diffuse keratosis and
increased dermal

cell infiltration*"
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Model Characteristic Skin lesion characterization
characteristic characteristic
(1) S Z VIR PR A
M hPERL AR ILC2 B (1) sk 2UBE BiE B E L
2 LN KA B s
fi 1 (2) BRI MRS )
(1) 135 1gE 1

(Flg ")
SRR BALB/ ¢ il &
Filaggrin mutated mice

(Fig ™)

Sensitive BALB/¢
background

B R/ B
(ma/ma Flg"")
Flaky tail mice
(ma/ma Flg"")

NC/Nga(NC) /NG,
NC/Nga( NC) mice

fiRTE

ft mutated

() fe A
(2) Matt 7%

(3) TMEM79 5875
(1)ft mutated
(2) Matt mutated
(3) TMEM79 mutated

(1)TCR VB8~
(2)iNKT Z0jild 2 5%
Pl
(1)TCR VB8~
(2)iNKT cell

systemic flaw!*?!

(2)Th2 Th17 40 T |
Thl AR T 1
(1)Dermal eosinophils,
neutrophils, ILC2, mast
cells, basophils'*”
(2)Th2 . Th17 cell T \Thl

cytokine T [47%]

(1) BRI R S 25 E
Th17 .ydT17 1 1%

(2) 7L EL R Hh I R TR
g U R v T | O
17a IL-23a T \FoxP3"
Treg 1[5
(1)Epidermal and
peripheral immune organs
Th17 .ydT17 1 [

(2) Eosinophils,
neutrophils in lesion
dermis T .IL-17a.
IL-23a 1 FoxP3®
Treg 11

H R (3F SPF 2%
AR 13 R
CD3" 1 AR MLA T 40
JH F F 9i
Infiltration of CD3* T,
mast cells and T cells after
13 week in conventional
conditions (non-SPF grade

or dust mite stimulation)

(3)TEWL 1™
(1)Edema, erythema,
desquamation, lichenification,
epidermal thickening
(2)Scratching, blepharitis
(3)TEWL 1M

(1) A REMER R RAE , B4 L1
BE BT A g o
(2) BRMEES , Hhrm 53 R S
Buikba B AIE A B B
yZoTiilli
(3)TEWL 1 Lot
(1) Spontaneous skin
inflammation, scratching,

erythema, dry skin, allergic
reactions!*' *')
(2) Hair fragility, longitudinal
splitting and breaking, keratin
defects, clumping of hair
formation, distorted follicle
morphology
(3)TEWL 1[04

(1)SPF &M AL I AD

(2) BN 13 JH 5 T 3
FEIN SR W a2k R

TEWL 15
(1)No spontaneous AD symptoms
in SPF conditions

(2)Scratching, marked epidermal

hyperplasia and thickening can
occur after 13 week in

. o 53]
conventional conditions'**’

(2)Fg |
(1)Serum Igk T
(2)Flg |

L7 1gk 1
Serum IgE 1

(1) HHUT Bk
TR - 13
IgE IgG1.1gG2a 1
(2) BeAvik B g
BT IR 0 200 A
Z (thymic stromal
lymphopoietin,
TSLP) 115
(1) Under routine or
dust mite irritation :
serum Igk 1gG1 |
IgG2a 1
(2)TSLp 1 34




OVA-AD model

Allergen induction

OVA

(1) Eosinophils, mast (1)Scratching, erythema, dryness

cells .CD4" and CDS8* T (2) Epidermal hyperplasia

]

cell in skin lesion thickening and peeling"®*

tissue T (2]
(2)IL-4 IL-13,

IFN-y T 1%
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Skin inflammation Biochemical
Model Characteristic Skin lesion characterization
characteristic characteristic
(1) 1L 1gG.
IgE T [57-58]
(2) 4 1
(D) LLBE 8 Bk 2¢ 2540 (3)TSLP 1
TEWL 1'% (4) I FAEN 10
PR : (2) FREHTE () Safeid (KRT10) 1
(1A 1) R
B DNCB BE LR K i 57 (5)S100A8 1157
hIAD H) (2)1L-4 11
Semi-antigenic (1)Erythema, dryness, chapped
hIAD model (1) Mast cell T8
induction s skin, scratching, TEWL 1 % (1)Serum IgG |
2)1L-4 :
DNCB (2) (2) Epidermal thickening Igk 10738
(hyperplasia) , hyperkeratosis , (2) Histamine 1
spongy edema'™”’ (3)TSLP 1
(4) Cytokeratin 10
(KRT10) 1
(5)S100A8 157
U (1)1 1gk T
) ) (1) 2B T4 SR ™) §
(1) Th2 BISHE , WEERTE X (2)Flg | ZHHE S
L - (2) REHIE MRS EHEOK
A R R A e T &A1 AN
B 0Xx (2)IL-4 IL-13 T ! ) [0 10
OX-AD Fx Al (1) Erythema,
Semi-antigenic (1) Th2 type (1)Serum
0X-AD model ) ) ) . . ) dryness, flaking'®" :
induction inflammation, eosinophils, Igk 1 [e1]
(2)Epidermal hyperplasia,
(0):¢ mast cells T (2)Flg | .
s hyperkeratosis, dermal edema,
(2)IL-4 IL-13 1 B cytokeratin 1 and
TEWL T - !
cytokeratin 10 1 [9]
(1) B AR E R VL 2
ML R4 CD4" Fi
CDS" T 4ifiEl 1 ° .
! N (1) i3 1gG1,
A (2)1L-4 IL-13 | (1) BBYN A5 4 LeG2a 1k 1 (@
BUR:9587 B N N v gLza  Igh
N 7 TFN-y 11 (2) 42 B H R v o .
OVA-AD HE#I OVA (2)TSLp 1 e

(1)Serum IgG1
IgG2a Igk 1 [e2]
(2)TSLp 1 [
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. Skin inflammation Biochemical
Model Characteristic Skin lesion characterization
characteristic characteristic

MC903-AD #5571
MC903-AD model

MC903 55
MC903 induced

(1) Th2 B RAE | R
LA g B A 200
JIEL K 200 A 15 g 240 i 1
(2)1L-33 IL-4 IL-13
1L-31 T [66-69]
(1)Th2 type

inflammation, eosinophils,

basophils, mast cells,
macrophages T

(2)11-33 IL-4 IL-13 .
1131 1 (609

(1) ZLBE Bk T4 R
(2) MoK H RS IR |
fafb R4 TEWL 1 17
(1) Erythema .dry skin

[70]

and excoriation

(2)Spongy edema ,dermal

thickening and hyperkeratosis |

TEWL T ¢

(1) 1% 1k 1
(2)TSLp 1%
(3)EmaEl 10
(4) Claudin-1,
Flg | [e7]

(5) KA IOE
fifi-107")
(1)Serum IgE 1
(2)TSLP 1 [®)
(3) Membrane
covering bone 1 Lee]
(4) Claudin-1,
Flg | [

(5)Mast cell

protease-1""" !

3 AD HEIERFhYIEE

R I i PRAIE A 73 2, AD 3 A7 0 IR AR
PAIE O KO REUE | R 2 2k | KU B2 E
B PHEEUE ™ PR B TR T o B R A AE I R
FAEA TR IR R RN, i el 7 A= T AN R R 2R Y
ARSI RL, I ILEE 3,

4 AD #EBE kR A

T o B A AR A Y R AD AL AT bR
MEFZIET LA 4 J71 . (1) B RR Bz ™ H
JEPE 3 ——— M AR 4l 5 1 AR A8 2 0 AR R BLAR A
FERE . FF O ME B2 R PF 49 48 %0 ( scoring  atopic
dermatitis index, SCORAD ) ——( & 7. 0; JL-F 1§
0.1 ~ LO;ERRE. L1 ~ 7,8, 7.1 ~ 21,8
JE:21.1 ~ 50;4EH M H:50. 1 ~ 72) . FHRZ I
A5 ™ 52 B 45 £X (eczema and severity index,
EASI) ——(7575:0 ~ 9.9; 5% .10 ~ 28.9;
JE.29 ~ 48.9; FE#.49.0 ~ 103), HIHA [A)FLE
FERLLTE JBE T 2 KA K e As
AT (2) B AR ALSUR B O - I B 4T T 4
AR, A 3% B 38 26 Rl BE 3 5 B 400 R K A
22 2 i B X LS TS AR Y T 40 (D 7] 4 Th2
JAREFLRT) JER 20 MR FRAERLANA ™ 5 (3) K

TR LS TeE 7KFTFH 5 (4) 93 F KA
TSLP ‘B &M Flg, M1 B 40 M b
7 A sk e AL R a0 A e CCL17 e
B IK——11 S100A7/S100A8/S100A9" ™7 (%
IREGIN 5% % 42 -1 ( Claudin-1) 28 3k 1K,
Claudin-1 TEA M B H LT R EEBREADN
YER, &2t +5 b B 40 M e B Th RE e B 2 i &R
M, 6k = Claudin-1 & 123 PRz Bk Bt [ 5 16 15
TEWL 3t

5 REE5RE

FIRT AD B8 A 2 7 05 B A X g, (3
SRR AT A7 AR — E B R BRI, A B A
AD N4/ BB R, AR B 25 HE 4 5 i PR
NHREIR R AE ply T AR A 7] 2
ToukAF BT, (HAE AR KA AT AE 2 0 78 £ 0
AD i RSB 5E 8 — A AR T 7 1], BB B
H B SIE A A Y BT S AR X 0 O B R Z 57
A, AT ARA AR SCIETE . S b B 25 7E Il IR
RIT ML O R AD A R RIR YT L
SRS AE T e R AR R 5k = WA 1 B o TP
IR, PHCRR T B AIE A A5 L Y K g X ]
B P b 2 25 7E R I 50 B B Ak T R B B
AR, BA R BRI AR RSO 5T B 22 O iy
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Table 3  Analysis of different animal models of atopic dermatitis based on traditional Chinese medicine theories

TR ERY AR RAREFFE ek
Traditional Chinese R Skin SEIR Biocherljli('al
medicine Modeling method inflammation Symptomatic U
. characteristic
syndrome types characteristic
1) K kB W AT BE 3B
(1)2%FHE(2,4,6- W BeR: Sgin )
trinitrochlorobenzene , PCI ) I £ 7E (2) %Iﬁ’;?i‘ﬁ%\ s g
BALB/c /D BUSHR AT 4 d ) KRR () A B R R
JH10.8% PCIA 2 d 34 1 0, [l S e
B H 25 mL/kg 2554 T 1 g/mlL K ¥ NSO
5 H 25 ml/kg AT | g/ml. X (3) LT3 F AR F .
KIS, 144 Wi BRI 5k (1) Iy gk 1
(2)FT /L 20 JEJ5 I 108 mg/mL K f;;M i ]’;7? - (2)TSLP 1
e S A gE 1 R arked thickening of the T4 T
JiLiNseanR CHLA 0.3 mL 7 'H%’?j 1 1L-4 1L-17 | skin, erythema, oozing, (3) M7 [7374]
.. (1) PClIwas rubbed on the skin surface of (74] . e 17 1122 117
Spleen deficiency . 221! vesicles, crusting'
<vndrome the abdomen of BALB/c mice. 4 days (2) With d’ d hai (1)Serum Igk 1
Y later, 0.8% PCI was rubbed every 2 d, 1 ‘lt ferel‘anl ‘S‘pa;ss dalr, (2)TSLP 1
and 1 g/mL of rhubarb water was 00se hl(f({ b’, 088 (:J . Ody (3)Serum IL-4 IL-
given by gavage at a dose of 25 ml/kg @ass, stamina an‘ g; 17 IL-22 177
per day for 14 d intake, cold feeling
(2)FT mice were administered (3)Eryt.hema, e}?ldenflal
108 mg/mL rhubarb decoction hyperplasia and thickening,
0.3 mL by gavage for 1 week dryness, hypertrophy of the
after 20 weeks[m stratum s;:;:::l?ﬁf damage
TE LT 3 2 1A% PR R RO ity B - X
L it L, 2 A
FETIA DNCB FCBUHEFE 4 1% (6 d) ( mﬂ’@%;%t'?ﬁ;ﬁ'ﬂ%
5% 0.5% (12 d) ') DNCB ¥ ; /N (2)4@?5?@%*2%%@
BEJRIEIN 200 pl. DNCB F . #2 ) 1 S5, NI B
SAEAARIREE 4 ~ 6°C XTI e e
90% ~ 95%, 6 h/d(10.00 ~ 16. ':‘”H’/ e
00) 18 A BELIEIREE, T o o O EERITIEL R
o Ml e s L 2 R ] 13 (75] LR R KA R EL Z fEE
e i AP R SR AN A I R R e . .
. [ 2 i i o 7 (1) Scratching, epidermal
[, DNCB was added to a 3:1 ratio of . . . ’ . (1)TSLP T
FEWIERT UE R . Massive thickening, hyperkeratosis .
Cold d ) acetone and olive oil substrate solution Temphocvti hvnerkeratosi (2)Claudin-1,
© (;mpness to formulatea 1% (6 d)or 0.5% (12 d) . f'i,tmrt)' ocy fl(‘th (2) ny.)er ‘eraIOSls d TRPV3 | .
syndrome DNCB solution. Mice were dermally " 1‘ra 1:{1.1)?1 ¢ I ‘n‘ne 1ts ¢ eérl o TRPV4 17
dosed with 200 pL of DNCB solution, Zupe 13; d ranbpzren 1 cotor:
and fed with high-fat chow to simulate ermis cepressed, unresponsive,
. . o hunched over and uninhibited ,
endohydric factors in an artificial deady ail
climatic chamber at a temperature of (3) Soili s fe;lhy fl df
4 ~ 6°C and a relative humidity of Doting of He skan and i,
90% ~ 95% for 6h per day(10:00 ~ soiling (:f ttklelﬁlnus, soft and
16:00) for 18 d to simulate cold and wet stools or ﬁ;en
humid environments'™’ loose stools
FEMREE 23 °C,MFE 95% M 1548 N
HEAT 10 h/d (955 BB H IR SR (1) Bk h 8™ oK b 21
REGRDEE ; XU H AN £, W BRI L Y BE HRE I M S
[T L1 g/ mlL 775 M8 2 45 /)N TEWL 1
RFEE 41 10 mL/kg if F RS (2) KEPHEERE eG4 2R 3ME B
I i 1 2 L/ e RGR M JETE R AE BT

Mice were housed for 10 h/d in a
climatic chamber at a temperature of
23°C and 95% humidity, fed high-fat

chow on odd-numbered days; fasted on

Spleen deficiency
and dampness
stagnation
syndrome
even-numbered days, and fed high-fat
chow while being gavaged with a cold
infusion of 1 g/mL senna at 10 mL/kg
each. Induction was continued until the

. . 7
animals were retrieved'”®’

SRR LR R O
(1)Severe edema, erythema,
roughness, ulceration and
crusting of the skin, TEWL 1
(2)Depressed, curled up in
piles, dirty and greasy fur,
diarrhea, soft or loose stools,

. . 761
poor perianal cleanliness! ™




o S0 Bl Y2 2025 4F 4 A 55 33 55 4] Acta Lab Anim Sci Sin, April 2025, Vol. 33, No. 4 589

NPEBIRURRAE + H B IE ARG R R B, AR
Sl I N B A B 7= A IR R A
2590 NI R Z B R RA T B 75N 5
TR A A 5 7 A o BR IR A A

TR BB R AD /)N BRUASE R ER B AT Hoh
FEIYREPEROC S, B0, e )i B8 B 85
A 3G B IRAIRST AD W4 FHLH Ag 4, 5
R AL R R, Bk SRR 84 i f
JiF5 S N FH A )3z (E R AR A 2
MC903 5 AR Ny TR | SR AN IE A BT A2
AD [ BB 5 ST 7, WA MR A 70 2 5 58
iy, BRI B & RIS RN, i NC /MR, Flg ™ /N
B, #ZREH-AEH( FlgHrnr_/_ ) B R BE /N
FRL'%' [C5TBL/6] i & Flg ™ /NS 5 2 I uk
TR R A2 B AD BERLN 9K T X 28 R
RUXT AD &9 JE AR SCHLHIATI SR R AN B IR e 85

Toi &K TP Bk & VG BEXT AD i ik iY iF
5%, SRR E B 1 B 1 B R A Fe A 9 H
B S AIEFE NS X I PRAVE 5% H: 2 P A S 1 g
PR 5511t PRE R B0 AR I A AL 18 5 i A X B
WG Z2 e PRI G S 9 6 F TR A R A
AR AR A 2538 FCAS W] 7 3 A AL A fig 3k 31 i 4
IR FRRCR
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Research progress on the construction of mouse
models of iron overload
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[ Abstract] Iron overload refers to the pathological state in which the iron content in the body exceeds
physiological requirements, Resultsing in the deposition of iron in the organs. Iron overload mouse models are an
important tool for the study of iron metabolism disorders and related diseases. This paper summarizes the commonly
used modeling method used in the construction of iron overload mouse models, which mainly comprise two categories.
(1) exogenous iron overload mouse models, constructed through supplementation with extraenteral iron (injected iron)
or intraintestinal iron (oral iron) ; (2)spontaneous iron overload models, constructed by screening for specific mouse
lines or modifying iron metabolism-related genes. The method involving extraenteral iron supplementation has a short
modeling duration and a high success rate, making it suitable for single and composite iron overload models.
However, the high iron absorption rate may cause toxic reactions; thus, the optimal dose needs to be determined in
advance. By contrast, intraintestinal iron supplementation is simple and safe, but has a low iron absorption rate and a

long modeling duration. The spontaneous iron overload model is mainly used for specific genetic research studies,
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which are complex and involve high costs. The various modeling method offer diverse research pathways, spanning

from molecular to systemic levels. This diversity is conducive to gaining an in-depth understanding of the pathological

mechanisms underlying iron overload and provides an experimental basis for the development of new treatments.

[ Keywords] iron overload; mouse model construction; evaluation indicators
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Table 1 Common diseases associated with iron overload and the mechanisms
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HCAEFE R A b HL AT B 0 S 1 AR T e
C57BL/6N WV 72 45 [ o i 535 /1N UK B 3 Ay s o
S 2R, (LR R S DR R R et B A 7R 114 B 3

BALB/c /NRA IR T DBA il Bagg L% AT
IR LR 2 /N, 5 CSTBL/6 /NRIEA T
LR R ILH . {H BALB/c /NRAEZ
it PRI BRI G 8 I T LA R | ek )
T R S SE e mr g p > FE AR
WA B I I R 2R ) SE IR 9 b, T A T g
IS R R R PR 5B i B BALB/c
ANERPTH

ICR /N IR T Swiss /NERUE, J8 T 5C #F /)
i, SiIEA & C57BL/6 #l BALB/c /NEUAH I,
ICR /NRE S B R 2 RE MK IT 2R
o B TSR IR R AE S RN Y e

TFF 5 AT, AR 2R Sk ek 28 ok i 2k 20 A 5 i 2 1 5
e ML 55 H L TCR /0N R R H A %) A ) 2
PETREIE 0 SRT, ICR /)N BRUTZE P i 2k ok 2 pe
R il AR /D X AT RE S Hast e 15 e £
FEVER G, AR E R G13E 0 ICR /N BURE A4 (8] 77
PRI AL 22 57, 3X 0] B8 52 M 52 50 45 SR 19— S A R
Pk, M2 T, C57BL/6 F1 BALB/c /)L H:
AT S A — 1, O AR AR O S50 4 R R E T
FIRTSEVE , TEA A B R B N 25 5 25 AT
FEXT G S H R AP S RS H
AN

e 737 B — ke B A R I | S ] AR %
Y25 2550 1 | 45 2 I ] 3 S 32 5 O XA AR AE
25 (W3R 2) , AEMNSTM% Fl&id Kk
a1 /N RBE T, 1 70 5 /0 | T B i [ 4 ) s
BEALE R . DL FeDx A i), 3 4T 3k 1) AH 5 52 56
MR R, S BB E 0.72 ¢/kg™ B E
8 ¢/kg HIREM YA ST 2R, PR S — e TE
100 ~ 200 mg/kg, FEHFIRECH 8 ~ 14 Ik, 1158
WITE 4 ~ 8 J, EHLE ARG, Bk 2k /N RS F
Wr UK 5E IR 27 45 bR R ZH 25 A A 4 31 IR
SERRPRLLMTE BN 3, AL LU A 7 vk 2 R R
TS S 56 JEE 325 4G 1 2H 2R 4k T RRUK 7 s 4 41
VIR B PR S, — 2 8
BRSO AR A 20 LR A T A 1
FE , DA K 2R Y BT ST

REBWFEHE /N RS A ok 48 8% 1 il
T SRR R R 1 v e SR R AR T
4518, i MUSUMECI %52 i ] C57BL/6
F1BOD2F1 WA i 2 /N BRAT I W T 5 FeDx i 5
ik % B4k 5 2 B T (10 4 % B 8 BRI, LR 42k
I A EHR T C5TBL/6 /N BLisk Fir gl 25 5
B & ; GOLBERG 46! 1 CHAPPELLE 251! yj ¢
FUWLP S FeDx 4 € A9 2k i 20455 40 K 2 2k R
W HES X AR HE B T RE S B R A 6, b
IRBLGL R 7R WG 15 28 s W) T BEAF 7E AN TR A8
BRHEMEALA , X 2 15718 B 2H 2 400 I 1 5 v 4o i
HAAREEW, HTFHEARER D, BT RHEAR
Bt DA B O ISR S5 I8

BT, Tkt 8 A I HAA B 1 2 & /N
PR ) SRS b, BT P B 5 P AL 35 1LV R 42
P B CE RIS (LR 3)
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Table 2 Modelling schemes for constructing a single iron overload mouse model by intestinal iron supplementation

s 25 14
T, YA ,E,E/’u\ e . B
AN bk HE R LR WA
. Modelling Dosing RIS T
Mouse species . Total . Evaluation indicators
method regimen Duration
dose
IR 12.5.25.50 L, . . -
X o9 mg/ml, ANEARZS JF R B R
0.2mL BHIW LAWK 4500 6y General condition of the mice, i
C57BL/61 12.5, 25, 50 mg/mL, 0.2 mL N B enera’ condition o1 The mice, ron
. . 140 mg 6 weeks deposition in the liver, spleen and
each time, 3 times a day, for a
. bone marrow
total of 14 times
% ek N
| I fy RO I CRs
C57BL/6, B6D2F11% lg/kg, once a week, for a total 8 g/kg ) L . .
o 8 weeks Iron excretion in urine and feces, iron
of 8 times S .
deposition in liver and heart tissues
LR ML ER, RO E B Bk
W10 mg, B 2 ¢, 3L 8 Ik 44 U, MLE BRI R KT
C57BL/6734 10 mg each time, twice a week, 80 mg Blood cell count,serum iron level, iron
. 4 weeks T .
for a total of 8 times deposition in the liver, spleen, heart and
femur, serum hepcidin level
1% 0.25.0.5,1.0 g/kg, (LT NN R o e i G I RTE 7S
0. 2 mL,2 &/, 38 ) 24 47 HEEKF
0.25, 0.5, 1.0 g’kg, 0.2 mL. 3 ) l; 4 uk Body mass of mice, pathological changes
each time, twice a week, for a &/ke WeCES in the liver, spleen and femur, and the
total of 8 times level of serum ferritin
C57BL/6J L7 ARG COE il R T
I fS H: B4 gq A B A L
N 0.1.0.5.1.0 /ke,1 Yo/, It gﬂ%&,\ﬂlﬁﬂuﬂﬁzﬂ/\ﬁ‘ﬁﬁ@(a PS4
e At o 0sa 8K BT
FeDx oo Iron content and ferritin levels in serum,
. 0.1, 0.5, 1.0 g/’kg, once a 8 g¢/kg 8 weeks . .
Intraperitoneal week . for a total of 8 times brain, heart, lung, liver, spleen,
injection of ’ kidney, uterus, ovary and the
FeDx surrounding adipose tissue
HETR] £ 20 U5 PR , WA BTE FIZAR
0.1 g8 1 g, 38 0.8 8 Ji HARERITR
C57BL/60 0. 1g or 1g per week, for a e ) Pathological changes of intervertebral
. 8 o/kg 8 weeks Lo . S
total of 8 times disc tissue, iron deposition in cancellous
bone and endplate tissue
L33 IR Y P 0 B e, I L
i1 M ng;/r 3'_’»/[:1 N i
200 meke (1 0.9% Nt T AR IR
) H 20 3 14 K 4F Tron content i | cerebrosninal
200mg/kg (diluted with 0.9% 2.8 g/kg ) Fon COMCNT 1 SeTiin and corehrospina
. . 4 weeks fluid, iron deposition in the liver,
NaCl) , twice a day, for . .
total of 14 times spleen, hippocampus, striatum,
a - substantia nigra and olfactory bulb, and
the function of lysosomes
[30] ; .
ICR MBS SRS & J1KF BRAR L4
120 mg/kg, & JH 2 K, 3 6 K 12 & ERUTAR
120 mg/kg, twice a week, 0.72 g/kg ) Levels of serum iron and total iron
. NS 12 weeks L . S
for a total of 6 times binding capacity, iron deposition in
pancreatic tissue
IR 10 mg, B H 2k, 3 14 K NIRRT N2 R TR
10mg each time, twice a day, 140 mg 28 d Morphological changes of mice, iron
for a total of 14 times deposition in the liver and brain tissues
i R 4
RERIER 200 mg/kg, B H 2 %, 3k 14 ) 4 oI PR
C57BL/6! Intraperitoneal 200 mg/kg, twice a day, 2.8 g/kg 4 weeks Iron concentration in the heart and

injection of
iron sucrose

for a total of 14 times

liver tissues
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B BB R R R 25 B E (. myelodysplastic
syndromes, MDS) J&—ZH 5 Joi 4 v B 1 i BB 0 0
HURFAE 2 JC 850 1 AN A i 2 B s L, TeRGE
A A5 21 200 5 A 2k 22 ) 0 Bk I s
I P A A I — R T I ) R
LA, 2 20% B E R T A SN
L ZE AL, P 5 Ak B iRy T AR
i MDS AR RGP B 1L 45 10V 2R G095 s E 1Y)
HRRIT TB, AT sk St | Ak A Pkt 3

LRI B g FB A T AR PR, 5 AR
CLAHM A BUER IR YT Ja AR A B Bl A ) Re 1 Ak
27 T SR ARG T . 5 R 0 1
i BB E KN HEPC B9V BRI8D FS 1 2 SRS 1Y
FEEAL AR IMLTE HEPC 7K P T, DA 40 1 2 %) )
=  R8UkT

TEEHEPE & IF it By ol b, B AL
P i M Ry 3k AR S 1Y) T T E
B HH A 2 A [l AR 0 B S5 A
WG, Pk BnT LU o 0 i s n e ok 1 g
R e 40 A SR R B RS DT X 2
PRSI T P RE S A A

ZRERIR AT, b 5 e B R I, BIF Y
BRI R 2 S R A e A
HACHA = Ho— A BORERAE 7 1, AR He b e
BB AR Y I ] RE T A 2 Y BOR 45 A
TR TR T HAE had BB R 5 00 ik,
A Gy R AT AR ARG 7 500 52 30 25 A
Fe i gt AR Y | Ry i 2 2 % 1) o A5 D A
FTN &AMl H 7R gkad BB AR € il JR B A0
FIAFABR 75 5 R 2R, T LA S G i 42 o S5 56
PERE kG 220 2 I R [l I E AT S US04
IATREERS I, A R Z A TE T, TS A I Bk
FEAERG B ER 7, 22 0 TR0 30 i 1 v
IT AT R R Ak R VEBR o 3, TCIEBAUAR N HEPC
KA B B ERACE AL 280 B8 1 R R 2
THIR G,

TS AMIE PR R0 2 H ik 2 sh P A Bl v
I FH B 22 B3 A5 5 ik A SR R IR R AR s
SEOREY, WO Ty AU T T B — Bk 3
SPRERL BTz W TR R R O H A
RIS SRR — RS DL T A — Bk 3
RO i ARG E 2K 4~ 8 g/kg,

A Akt A A | 2 /N BR A2 31 HoAth e
o FIAZK 2k 28k 1% U EE 52 ), 5 A T K D A
PR 2 ~ 4 g/kg, BERIPEHY 37 LA IALVE Bk 55
ORI L O B AR 46 21 2 K 5 0
2.2 ORRSMEMESRF ( BE RAMK)

HE ORI = E mRIER, 251
RAER JETE B AE s, B R
BRI A B, E — o R R LR R T S ]
RS e R AT B R 4k (ferric citrate,
FC) VB R B WA ) 390 1 FH - at 2845 76 fi ey
wrp
2.2.1 BRIk

I — PP Al B MR ) BR
R4 (4 A= P R P B R v 1 2 4 e S I 21
/N AR B s R AR, 2 5k )N R AR
PR T FE , BRIEERTE B R IIER T, 18 B
HEE T, BB T IR B Bk,
a1 PR e A T A A PN BT ) R S TR, B B 32
BT A 2k U FR . PIGEON Z5:0°°0 %% 3l BALB/
cJ /N A [R) U 5 3 S 2K J |, I 4k e 2 e 79 i
FIRS 3G T, I 7E 3% B JE 2k 50 T 1 80 40 g
SEW R 225y R A7 4E L (9 B 4 . AREZZINI
ECT IR T 3% AR SR 8 RN 5 IR H
RE/INER, B IRV B S e AR AE AE I e 25 =
WANG %5 58 1 24 B A /N RT3 5 M &
TRIEER 8.3 g/kg Y R R K B AL HE A P Bk 0 £
SR, T 5T 2 BE B 3% BRI R 1 H TR
AR B VR R AR Y (E R T AR SR T
BN A S M S B () AT R DLk B T
IR B
2.2.2 FC

FC 2 —MANEE &Y, EZL =Mk
(Fe’ ) MIEXAEAE, il S BRE A 2 R4 4,
DI R F-FC B AT e an i g i, #ris
FRAR BT 1T LATE Bl Fe' " IR ERA IR A, A R F 1
2RSS GE, FRE T FC S RBURN
BRABAT SR R AT, 2Rk UL & 2 s R B 0
FEAN PN AMTURR , DT B T 4 ek ad B A, o
SCEEI X CSTBL/6 /NERAT T E 1. 25% 5% FC
(0.2 mL/d, FESE 16 JA]) |, 25 3R SR AR L2 /)N
SRUIL R JTF B o ik 5 A ok WA A 34 B I Ty, 2%
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Table 3 Modelling schemes for constructing composite mouse models of iron overload combined with

other diseases by intestinal iron supplementation

/)N B
Mouse

FIES
Classify

species

BT
Modelling
method

TR
Dosing

regimen

ESEL )

it
Total

dose

Yol BT 4R

Evaluation

Sty
(hRN

Duration

indicators of
iron overload

B IER
Akt
# [42]
Ovariectomy

ICR

combined with

. 42
iron overload

MDS &It
[FRUE:
MDS combined

with iron

C57BL/6

overload'*!

P R A 1

AT
Aplastic anemia
combined with

BALB/c

. 27-28
iron overload' !

NG It
[FRUE:
Tuberculosis
combined with
iron overload'*"!

C57BL/6N

Je TS FAC 51k
Rt #; JE - OR SR
First: intraperitoneal
injection of fac to

induce iron overload ;
then; ovariectomy

56 AZUR R
(RUNX1-8291fs) F-5f £k
VRIS, MDS; 5 - Ik

TEAT FeDx B R BRid K
First: transfer the
pathogenic gene
(RUNX1-8291fs) and
radiation exposure to
establish MDS ;then ;
intraperitoneal injection of
FeDx to induce
iron overload

56 B NS FeDx 51k
B8 )5 S
7 FFAE BRI AT I AR Y
First: subcutaneous
injection of FeDx to
induce iron overload ;
then: establish an
aplastic anemia model
through immune mediation

Se T FeDx 51 %
PRt #; 5 e
T A PR PE A M

M
First: intraperitoneal
injection of FeDx to
induce iron overload ;
then: establish an
aplastic anemia
model through
immune mediation

J6 M ST FeDx 51 A&
BRI 8 Jn Rk
YA BT R
First: intraperitoneal
injection of FeDx to
induce iron overload ;
then
Mycobacterium

inject

tuberculosis via the
caudal vein

0.05 g/kg, %J*J
20,316 1K
0. 05 g/kg, twice a

week , for a total of 16

times

25 mg/mlL, BHIK
0.2 mL, % H 2 ¥,
H 8
25 mg/mL, 0.2 mL
each time, once every
two days, for a total
of 8 times

200 mg/kg, & 2
7,310
200 mg/kg, twice a
week, for a total of 10
times

200 mg/kg 1
U\ s AN 10 {}\
200mg/kg, once a
week , for a total of 10
times

BR 7.5 mg, B H 3
w3 12K
7.5 mg each time,
three times a week,
for a total of 12 times

0.8 g/kg

40 mg

2 g/kg

2 g/kg

90 mg

ANEUAR A ; LT R
Body mass of mice,serum

8 JAl

8 weeks ..
ferritin levels

MAEBREE AT A B

U EA AL SR TTRR G B
16 d Serum ferritin level ,
pathological changes and iron
deposition in the tissues of the

liver, spleen and bone marrow

[IIREE SRR T AR TR EN
AT R AR Rk
IR
Serum iron and serum ferritin

5 )8

5 weeks levels, the ratio of liver weight
to body mass, pathological
changes and iron deposition in

the liver and bone marrow

[IIRERZE/ SN &y
LU B R BRI ,\,HT%M’mﬁT
kGt SRS
Serum iron and ferritin levels,
histopathology and iron

10 J&

10 weeks o .
deposition in the liver and

and the
expression of iron metabolism

femur tissues,

regulatory proteins in the liver

TR, MRk BRI B
BRI AT R R 132
(LSRRI 3NN T N
AN ZERAVIZAY S7REE 7N
DU A3 BT
Body mass of mice, the
4

4 weeks

contents of serum iron,
ferritin, transferrin and soluble
transferrin receptor, the tissue
morphology, iron content and
pathological analysis of iron
deposition in the heart, liver,
spleen, lung, kidney and
small intestine tissues
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TN ey 20 it IR AR
o INELE A R L e e S HFE iR
ES . . L : 8 9 Evaluation
) Mouse Modelling Dosing iNgS o
Classify . . Total . indicators of
species method regimen Duration .
dose iron overload
96 JEIETEST FeDx 51 %
Bt #8547 6.5 Gy T N ; .
BRI e AL, MR 1T B
P 2wl B DE BT BT
ot R First: intraperitoneal 0.2 mL, & 2 ¥k, 4t N Tiw;” 7
gy L] injection of FeDx to 8 Ik 4 Blood cull ﬁ. oL t
Tron overload BALB/c induce iron overload ; 25 mg/mL, 0.2 mL 40 mg B . ?0 celt count, setum
. . . 4 weeks  ferritin level, the morphology
transplantation then; perform each time, twice a and iron denosition status of
model +’ myeloablative irradiation week, for a total of anc tron eposttion siatus o
at a dose of 6.5 Gy and 8 Limes the liver, spleen, heart and
then carry out bone marrow
transplantation
L10.2 mg/g, B H 1
W ESLES S5 d R
B 2 d PSS S d,
B2k 4 4 5L
0.05 mg/g, /- H 1K,
PSS S d S lal ke
2 d S S d, %2k
8 JH
Inject at a dose of 0.2
e a day. N . v
g onee e AL Al BRIUR
’ Y
take a 2 d interval 12 J& . it -
d then iniect f 6 g/kg 2 " Changes in the organizational
an th er51 zl]ec ort WO Structure of the heart and the
another 5 d, repea . . .
4 AT 5/6 ‘BTG AR this cycle fora situation of its iron deposition
=50 }%'{;’}‘%ﬁ%&ﬁpﬂ 3‘}5 : J@F consecutive weeks;
i ul EQT FeDx 51 A8kt 8 then, inject at a dose
yl46-47) First: perform 5/6 of 0. 05 mg/g once a
Renal failure C57BL/6) nephrectomly to construct day, after 5 d of
combined with a renal ‘fallure Tnodel; injection, take a 2 d
iron overload"*™*"! t‘hf?n: 'lntraferltoneal interval and then
injection of FeDx to inject for another 5 d,
induce iron overload repeat this cycle for
8 consecutive weeks
Ll 200 mg/kg,5 K/
J& L 4 IR
50 mg/kg,3 I/,
2 8 JE L \
e DI Rt L BB
) T
200 mg/kg, 5 times a 12 J& o
’ 5.2 g/kg . Myocardial injury and the
const::tli( ior 2eks 12 weeks situation of iron deposition in
sonsecutive weeks; .
then, inject at a dose the myocardium
of 50 mg/kg, 3 times
a week for 8
consecutive weeks
e R SRR 5|
HPERT R KRR FARET
EPIRS T B SGT R 500 mg/kg, A L3 AR b KT, TG
Uk A First: intraperitoneal 1R, 3L 8k : R B P A R DA
Knee C57BL/6  injection of iron dextrin to 500 mg/kg, once a 4 ¢/kg 3 L Iron levels in serum and liver,
osteoarthritis induce iron overload ; week, for a total of WeeXS  and the iron deposition in the

combined with

iron overload *"’

then: induce knee
osteoarthritis
through surgery

8 times

knee joint and synovium
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2R3
VTR N 2R 2N e g Gt AT FE A
N SN et IR AR S Ho¥ it
2k . . biliees " Evaluation
) Mouse Modelling Dosing I -
Classify . . Total . indicators of
species method regimen Duration .
dose iron overload
A RIRKET N —
AT B 2 kb T
\ AR Bl BRI R A
FEHEHENT J& JUAFEST FeDx 51 % ’ rT
Wi I Brid 4k 100 mg/kg 4534 Serum iren - Dinchemical
it 42 First; establish a non- 2,16 K 8 e@(r; .lrt)n,f thlocl.ernlca
Non-alcoholic C57BL/6J alcoholic liver disease 100 mg/kg, twice a 1.6 g/kg 3 wer;ks riees of e ver,

liver disease

combined with
26]

high-fat diet;then:
iron overload' intramuscular injection of
FeDx to induce

iron overload

model by inducing with a  week, for a total of 16
times

pathological changes of the
liver, and the expression of
genes related to iron
metabolism and
lipid metabolism

PEPEI S 16 85K DL R BRI (1. 25%,
2.5 pg/d;5%, 10 pwg/d) FC I RHE S /N, &
R FC AT g 35 s BRI R A A PR AR
TR MR E, EE SR, 'R X
C57BL/6N /N R Ui 2 16 A B 1.25%.
2.5% 5% —Fh K E FC W (0.1 mL/10 g, & H
—W) G, RIEFE FC RS kit iz B r%R
INTFRE BE R B, LRI R FC REARL
B/ N 2, M A VR BE FC IR
RE TN, A UK 40RE BE 5 0 i 2 TEAHOG
TERE R AT BRAT A I | SR B4k 5 FC 7R
TR A R SOHIL I e AR N 4345 5 6 A7y T
AR 5225 PRI BOE R N, 48 1 IR AE
R R 7, FEAEE Lk, FC
AT 114 i P AR ML R 26 3 A ] o o
TRHE S 4 24, 0 AN A 18 R W, BRAE 2
e fel A5 ML B 6 (L LUK B i R B T
WA TR R, Beah, 2 T A Wik
(AR B 5 IR R I T) /0 BRI i R RS 22 A
Ko St /INEA G, AN U 2 5 i R
LU, IR R 9 AW 224 /Nt 75K
55, S BRI IE WO Sk 2K, e T I b
SR AR R B SR SRR A B, Rk
T T 1002 2/ BB TR B O 5 I DR Bk it
HR R A DS B R %O IR
BT RE R EE DR R BN IR S AR A 2
KATRE B A L7, Be A RIS 5 s Wy
MIAFE . BRI, F1 IR K i 0] A8 WS RS 3R A T 3 4
SN 2N TR B R R R A, —RAE 8 ~ 16 JHl,

3 BRMHRIEHBMETGIE

3.1 FFiEEEMKITH/NRREF

TEARZR RIS BORH S o AU AL 1) 0 38, o
FEN DL N BLAT 119 4k 2o ORH DG 959 1% v 7 18
M HA A R MR R R A/ B &R
WA IR — i el T DR e B 2 B B-BR A AR
IR L | A R o = R o T R B U o IR 2
o £ PR DR SEURE DR R TE R I, 3 TR Y
R ek 8, RFE B 1 I NS Bk
Bz B UiRe S H Bk R B RE ) T R BRAE A
W53 AR SZ BE, 5 R gkt 2, RAJA 451
15 1994 XS AL PRI G oMl R T3 3T 1M/ B 26
G B-Hb I BT I /)N BUFN 4 A AR B AR 1 i
( hypotransferrinemic, hpx) /N AT TR
BT, Horb hpx /N BRUER I B oK 0 i 1 Bk
WS R 2, KB hpx /N BRAE Dy —F B R R
o BT BT B B3
3.2 BInHREEXERAMS

i 3 PR T AR R X /)N B B AT kA3
FASCEE A RS R AB 1 , 7T 7 A Z2 RE A i Bk
RS MRME F RS HH AR5 4 7
5o HH 2D 28 32 B FURRAE i —Ff i e
CONRBREIBAL IR , PR [ (3L 5 10 i R 2R 748 1 43Sy
POAER, 1B HH S W, BB T 6 %
Ptk B Hfe JERISEAE S, Hfe KEKA WIFH
UL ZEAE . €282Y Al H63D™ , T %4 HH iy 1
Syt iR g Hp 3£ ( Ta #Y) 55 19 5 4L ok
EB) Hamp FEPI (1D ) RAZS R, FkE 2
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-2 FEDH (TIR2) 275 N4k %38 2 K (FPN)
AP S E M A HH ATV AL HHY ) Mgk s {7
ST, 0TS B A R S a3 N RO A
1998 4, ZHOU %' fifi Fi] 129/Sv] /N FUAE £ 1
Hfe SEDRSR /N BRAK S B A (Hfe™ /N 38R
W& AR HH A A= A0 5 FIAl 20 B~ R i 48
By 3 A& i Bk o R sh R AL B TS
WANG 458 (i se i &8, 5 Hfe” /NRAH LE,
Hjp™” /NR B T s 7K it 28, 2014 4,
ALTAMURA %5 f i3 72 /N FPN £ K g A
— D RURAE (C3268) K FH 1k HEPC 4 31 FPN
W e o A, AT S B R etk gkt 2k, L A 2 )
T IV B HH, B, Trfr BN HEPC W
B85 (Hampl ™) /NS gl )z T T i e
A ZUUE RE IBFIE

VTAESR | B 22 () 356 R 60 9t 5 ) AR AR S ek
TR B 5T . PAUK %517 78 2k o 80 I i 5
MR wF s, RS KAEEA 6 @bk
(Bmp6~™) /INF A5 5 A T80 /)N R iy 375 0 R iR 2 21
PEATAEAC RN 12008, 2550832, Bmp6™ ™ /NER,
3 A BTSN i ARt R B BB R 10 i
A FE SN WA AR Hh s B A T PR R TR, I 3 B0
RS PE RN A5, 2021 4F, CORRADINI %™ fiy i
¢ R PR AR 1R S 5 AR ER LK R TT
FEURI G 7™ B ) JF I A O
3.3 2R PR TR IR K BE

BEAI 30 A 35 PR A S ) ket 280 /0N BRUASE 7Y
AN RT3, A B T ik — R Bk
RS 2R HLRAS Z R 2 Hk . VINCHI 4517
TERRIS 35 sh kR EERE AL BB 5 v B PPN R
AN ApoE SRR/ AL AE W T L Rk
T ER /N BB L (ApoE ™ FPN™ ) | %% A0 W]
DL AR AR 1 45 B il v Ak B 3 T i — 2P il
AL I T 9% R A AR T AR, S N B 3 ks
FEREAL ., SCHWARTZ 2 k9% HEPC %} HIF-
2o PE R AR IS AR S 37 (Alb) Byl
TRRAMEEIHE R Cre™? RGN
5 HEPC 1-floxed ( Hamp-floxed ) /N [
(A" Hamp™" ) 2428, ¥ 38 T —Fioph 10155 0k
FEAY JFAE 12 JR A LS 31 i 2 A R A R4 e 4
FFIAL 2R 45 ¥ (9 WE 3R, 2024 4F | DUARTE %517
B Nef2 a0 RS Hfe” ™88 Hampl ™™ /NRARAC,

XU DR g 83 /0 Bl 1 B8 DG 2880 0 40 JHE 2 ol R i
Az S BRI B 4 DR A 1 B I R A DR AR
IS 2 AN R B R X R A Bk T BB
755 Nrf2 B/ RICAE I, Gl SE T, A
B 4B s B B A R B b AR i A €, 9
ARKHIGTT A MR BEL IR

SAMETE YT O R R TTIE AN, B R
Pk B R A R ot S/ B R 5 R
MiAT i, 22— R 903 R A 5 7E [ 1 A 155
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[ Abstract]  Porcine intestinal organoids are 3D cultures derived from porcine stem cells or porcine intestinal
crypts containing stem cells, which can self-renew and differentiate into tissues similar to those in vivo. Due to the
high structural and physiological similarity between pigs and humans, porcine intestinal organoids can not only meet
the needs of agricultural production and ecological environment research, but also serve as an in vitro model for human
drug screening and toxicology studies. Compared with other in vitro models, porcine intestinal organoids have the
advantages of being similar to in vivo tissues, stable phenotypes and genetic properties. Porcine intestinal organoids
show great potential in simulating host-microbial interactions, drug screening and nutritional development studies, but

their construction still lacks a fixed process, which affects experimental repeatability. In this review, we will review
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culture of porcine intestinal organoids, the exposure method of apical villi, the interactions between microorganisms

and hosts, and the current challenges.

[ Keywords] swing; intestine; organoid
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Note. a. Porcine intestinal crypt isolation procedure. b. In vitro expansion and differentiation process of porcine intestinal crypts.

Figure 1 Isolation of adult stem cells from the Intestine of swing and culture of porcine intestinal organoids
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[ Abstract] As an important and fundamental resource of scientific research, laboratory animals have become
essential tools for the continuous advancements in life sciences, medical research, drug development, and other
fields. With the development of related laws and regulations, the welfare of laboratory animals is increasingly valued
by the general public and international research communities alike. To ensure the welfare of laboratory animals, the
ethical review and conduct of laboratory animal practitioners should be standardized, incorporating and adapting
advanced international practices with those in China. This article primarily outlines the process for reviewing and
approving animal use protocols, along with the standards for evaluation, with the aim of providing a reference for
researchers writing animal use protocols and for International Animal Care and Use Committee members conducting

ethical reviews of laboratory animal welfare.
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