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Animal Models of Human Diseases
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[ABSTRACT] Renal interstitial fibrosis is a common pathway in the progression of many renal diseases.
Whether it is chronic kidney disease or acute kidney injury that cannot be fully recovered, the progression
process mostly enters end-stage renal failure after renal interstitial fibrosis. The animal model of renal
interstitial fibrosis is an important research tool for exploring the pathogenesis of renal interstitial fibrosis
and new diagnostic and treatment methods. Different animal models have their own characteristics.
Researchers can establish different models based on their own experience and experimental purposes, and
carry out scientific research on this basis to provide more new methods for the prevention and treatment
of kidney diseases. The authors focused on several common animal models of renal interstitial fibrosis to
provide the reference for related researchers, including surgical models induced by unilateral ureteral
obstruction, ischemia-reperfusion injury, 5/6 nephrectomy, and microembolization; chemical models
induced by cyclosporine A, adriamycin, aristolochic acid, mercuric chloride (HgCl,), gentamicin, cisplatin,
and adenine; transgenic hybridization and kidney injury molecule 1 (KIM-1) induced transgenic modification
model; composite model induced by bilateral ischemia-reperfusion injury (BIRI) combined with gentamicin,
unilateral nephrectomy combined with angiotensin Il (Ang Il), and unilateral ischemia-reperfusion injury
(UIRI) combined with pLVX-shTNC plasmid.
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ol \E Ak A E (global burden of disease,
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HEALH RN S, Piia A Bt —2 K R
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L e PR AR BELASE IR |V I PR A L A 1 P
BB, = E RTHFFS I IR A e LR A SR 2 —
BT REREREN KR, fE2 8 I E
e, BFEHLEEMIKE . REHEIER. FHRE
28, KB EMALEF (blood creatinine, Ser) FHIIL
FRZEA, (blood urea nitrogen, BUN) KL HEZH HH 57
Fm e BB RREAZME FEF RS Ak
A, SEE/NERFHR G AU PR E R AR 3
FR AU B/NEY IRk, RS i B/ INVE R E AR

i BIERUK. B4MRE. B/INVE B AMRSET L
Ko BAFAEAIRRIGAE M, T SBOE IERYRIZAL, [HR
Aol R E M RIS i 2 R IER
N, SOREER; AR, BaRE—RRE
BEERALEL; FiERm, AEEERIR,

R 22 L) BP0 e PR R BELAS AL S, ] 3 e R A
JR % # FH (reversible unilateral ureteral obstruction,
RUUO) 7Y P8 DUR iR RUUO Y 12T A
FEEHRZER o W0 Song & 12 FH/INGR S T HL
JREMEFABARL, KRG 3~7 didd B 5 A H RUUO
R RN E M R REAR AL, R IEHRZTTIE,
FEBIKRE , TR LT R b a5+ /e b R
X, PIRESHLIAIG—BIERS, 2GR, KIE, KRG
3487 dBRMNETIO ARG, B ZATERIKE
F7/0 FRAESFLHPHEIRREREYS , A IUFLAY 20 mL 7EST
FRESL MBS ATEE SR B R S BE, WK 2 AR /e
PR AE Hh AOZR A E AR SL AL, SRFRTESTER%T Sk A
MR B 75 TR MBS FOE R ERCEL 5 i PR A AR B {5 PR AL LT
RIS E LRI RTRE PR 10/0 BAZRAE PR S A (8] 7
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PREBEYIF—T/NE, RN . F5RE
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BRI E A, H AT S B & K AR
Fria gtk weE T e Y, R SRS IR -
R (ischemia—reperfusion injury, IRI) A9 EJR
Hz—
IRI 52 7Y 2 475 000 5 1L~ P 8 R #5245 (bilateral
ischemia—reperfusion injury, BIRI) %4, FLAUEL -
FEEFR( (unilateral ischemia—reperfusion injury, UIRI)
AL BRI AN DIBR AR (unilateral TRT with
contralateral nephrectomy, ulRIx) &%, #37 UIRI Al
BIRTARBLIN, AN[A] SE5e: H BTN A IS A3 P ) Bk i
BN RIZERER, HEEARBEAHEN . S5 [
FIIME S, P /N ER S A B M ESOR M 5 222D 10
min, BRI R DAE SN - REERG, K5
1~6E R EifE, YangZE [ @5 UIRTFAR (MM
B30 min) 2 d SRR 8 ~ 10 JA A BALB/c /NERXS
MIBAE, RfG2~3 dENLulRIx AL, FDUBH S
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7RV 10 JE PIHR AT L SD R BB EARFRIE R, B ERR I A
PR, SRR MM, BIEHAR TS
gk, o,
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B R W AL I M A 17, SRR, UIRI
Al FVERF TR B R0 e 18 M 1B A it A ) 55 1
BPIAL, SFAECAROCEER] (0 Coll. TGFB. CCN2,
CCN3) H)Fk B A B R SR N [ R SE 56 Fh 3 P O
RIRAIE AN Z 0 TCICRIEAL, RS I 1 R
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I 2 N g E R
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FIERE . BRI 2 EEERERR
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f5 4 J& B 12 JR B S A BRI E AR S Y 5/6Nx A58 B
H, KREMo—FiENALEIEH (a-smooth muscle
actin, a-SMA) . ¥ EKKE - (transforming
growth factor-B, TGF-B). WEEH I fkEEH I
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2 BT Kimura %5 29 5081 HGBAB5 7% 110~
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FE 72 B Sk I FiT G DA T 5 2 PR B PR A R FH R
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e, FIEHEAN Y SRR, SUSEiETiE
FTANIAI MR P 1o P R TR S S Al R BB 2 e B TR F v 75
B HeCL AT LG [ 2k s 7, i el e
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HNSBIhREREE. RIEMI4Efk, Albino % 0 257k
T Wistar K FEZ FEFKAEZR (80 mg-kg'+d™) 9d
SN ARG, RABERBEESATESE 1. 30
F1180 d X R ERIEITIFZT, WHEL A S0 5 10 1 £ 4
PN AR T A A
2.6 |RfHIEE

I EAER T vE . NI ESS IS (18 mg/kg) ,
£k, 3 dJEHMNIAEZINE Ser. BUN 83 R ZH B (2. 7
By IREAVE R — i ISR RS, TR T
BRI B AT . A TIKG, K TE
REZE T, ANmBUSEHABRAEDEL, BES
DNAZES, FIEEA XIRES, PR DNA BIZheE, FRml
G2z, 2R 2. BRI

TUEBMERERZ Rt B R MR RHI e I R R A HY
KEARZ—, IHES SR =R 2R
i B /NE MR FE T A RE o i /R et PRy
[ 20% ~ 40% H LA MEEHR BV IREATE B At
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ek NE ARG . SRR AT B, Hor
fRf5i2% 9 (CTR1. CTR2. ATP7A. ATP7BF10CT2
) TEN UM U R A i R R R Y,
XAPEF RS B R RIS RE AR o A A 1B 25 1
B B AR B SRS IR BRI
bl S E e e EE e SO N BULN U L= Rl 7 =
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ug sl IR AR R, EAZ R R,
EMERTREERR, BHEAE, BotRe.
27 RIEREZESERREREE

BT REHEBIRERS (200 mg-kg™'-d™") 2
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fars FFELANR AT DL S BTG B, 3R B B 25 &
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BRI —, A ETERN, HoARE =y
BB MR IRIR . JRERATSENI N EZHRE, b —
SHAENAER, BELRMEMEENFE " &RR
[4%E (hyperuricemia, HUA) %SRRGS /NS F Rz
0 B A FL R JE T 245 22 (breast cancer resistance
protein, BCRP) /=BEMRERHES SIS EH G AR
512 (adenosine triphosphate combined transport protein
G superfamily member 2, ABCG2) FiAFEAK, XnlfE
(it 1B /INEF b Bl 2R AT B T o o 8 PR TR B A TR
SECEEMEIHG B milER R FELIEK
MORIEMR IR, FEEERHUA, TR
JREEFF S AT IR B ER B STt
JESm AT e HUA 2R RO ARG, i HUA AT e e i
SR A2k 00, {H Sellmayr % 'V 52 EoR, JOAETR
AT HUA A= somi e e B IEmRIdE g, FRAERIRAE B
thehilh, FEISTERIRE AR, SRR
FRTEZEI . ARl M1REERRZRI A DS A E]
FRRAEMAZEtl, D ig v S iw R, Fk, £—
TERRE b PRI s % PR 25 I B T2 iR 5 IR i) o - 4
AR A EIFR G, R A BRI 5 AT & 5 I )2
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BT B X S RE RSN, RAIIE R
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[E]fi] 245 (renin—angiotensin—aldosterone system, RASS)
BB T2 —, 2 F DU I & B A R A
B, BAERNER. SRS, AR S S
[T 4L,

3 HERSmAY SR RFECER

5 R () SR AT A AT AR A i — SR P AR AR R
SR, HEH TSI AT LR AE G [(RIFRIA 1 i
MaHE BHLERIEREE, IREREEA I LA IIGTT 7T
X R NSRBI F AR TT .

30 HEERZIEE

Lim & [ R H H g5 224 (diphtheria toxin
receptor, DTR) TEUTUG /NG FRIAMNF L [AGE
# (diphtheria toxin, DT) B[/ S40MOERM, MMiES
Vi B/ INE AR R A ], N2 DTREE R/ INGR
A A PR 228 LMB2 /15 A CD25 %5 B /INER 2 41
VRGN [(HAcD2s M mEE BT 25
(nephrin promotor 25, Nep25) IXzh], #r Nep25+§§
FEDR/INGR R PR B DR/ N R 2R 28 5 AT RIS AU B (A
/INER (Nep25*/DTR*) FIAXE A Nep25 4 HE K () /N &
(Nep25*/DTR™ ) f& #4 , [ J§ Nep25/DTR* /)N f& Fll
Nep25/DTR™ /NGRS 7645 100 17 J& #5 5% /5 1E 5 DT,
LMB2, £55% I Nep25*/DTR* /NG ELAG B IF % 4%
HIE/INEFE /NSRRI R S, PR 2 —MAT T
WRE/INETUAE B /NSRRI A BRI T . HE—
WHISERG TR, RS2SR ME S/ NE G =1y
INRE 'S /NEREA G RO BURR I, & /INE [B] SRR AN A
B AT — R A 4L IR 3N DA RS B R i G ok
SRR 1,

3.2 BB A F-1(kidney injury molecule 1,
KIM-1) {284

KIM-1 &85 HREES S /NG E AR
e SR KIM-1 BB EL A KIM-1"/NER, £k 4 ],
45 R 5 7R KIM-1 A] 59 A0 2 4% 14 40 Ba K7 (MCP-1.
TGF-BAIIL-64) . £FEEHEMRIL, HrMCP-1
= KIM-1 (& S AR RA 4R B E A . B
EASEEmE, @M KIM-1 RS HE—S S NS
[RAMERE. BHMEEZLMGE, #—25ES
KIM-1 7242, A RERDEEIEER, A TE
B /INE (B RET e [

KIM-1 52— el B i By A T 2 s it 2 1
HfpsiaRih g ate Bt Ao ig M B I rIAR 590,

5B R 4R e B S B DI . BRI
KRR UEaAg], EESMES/NERTE
(acute tubular necrosis, ATN) HEEZrhEERn &), &
FERA S, P B R 2 1 1 5 R s ) o P it A
KIM-1, MCP-1%E#SEEHEEEH, XLEREFAIEN
Biia M IS 2 R A B B R

4 BEERTHEEESRE

At 2P ek — ARG T A N HE DA N BT
FAERERHAGI, JEEAIRN S 2R B o
— LR E IR S N EEH TRE &3hsial,
41 BIRIREXSKAEBRIEE

WA IR AE N, BIRTASAY (S PA AU
#H60min), RF2JE, EFEMNKKER (100 mg-
kg™-d™) 5d, EZAHEEIE AN 2N E R 12
MBS RS G, SRR Ser /K, &2 EIEE
—RIMEFIFRIEAE AT BT /N JEL % (glomeruar
filtration rate, GFR), iR 1 &5 EIA] U Ser BH 2 H 5=,
GFR B (Ko S 20 & J5 S e 4 A 2 R Z5 SR 5
IR INERREAATY . Zat NG [, RS S
FRESHEGR G, 28N RAZIREREMTE
B RERA T AT AR E S, (HIE
MR, IS,

42 BMSIREES Angll 1B

BT SHUIRNRAES, KRG 1EBTE
BisiEE (NE Ang IER) EEAFAR, FEEERA4
J&; RMPAIHE Sery BUNFH&E, 24 hjREHERH T
s ARG AR W fNE bRz ZHMER AR, R
B ERAMRE, RIFFHERTES ., SRERE
FEF 15 LR B T4 AE 1), i v R S B 6
ROEMERTN, e B DIERER & Angll T ER AR,
AR e I B 1 J W R (R R AT A, A
AIEMCES BRI 771, ARG & SR
VERIIRISE,  DUSHEARLAER & RS2
4.3 UIRIAREXS pLVX-shTNC [F itEHE!

BT N UIRL (FePAZE M7 26 ~ 30 min)
ARG 4 d [ HE#GES pLVX-shTNC, RJF%5 10 K]
Bidg 0500 RS A B E Ser. BUN KEBHE FHE, B
AR EH (W a-SMA. BT s
H-1. KEEH. FEEH) RAHEHEZ, U=l
ZUEER AT WA B R ITARR o AFFTRER, B E
C (tenascin-C, TNC) 7EiEH ABYE IEHR A S,
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{HE ARSI B R 1Y B SR =]
UERH TNC 23 S A e b S BUR IR 2R . TNC AT i i
A S bRz A R L (epithelial mesenchymal
transition, EMT), jHiT## & avB6/FAK/ERK-1/2 {5
BHBBIEEMT, M/ NS ), X2
SRS R BN M SRR AR, X AES
PR R NL AT RE 2 F A AT TG TT BRI

5 %iF

B IEDR R AJEH LB, Eerp ok 5 1B I TE]
JREFAEALE OIS, A — RO AR A 1B e e o 2T
AR TR B IR R AR A R RATLHIR
NEE, IEERBERRNESGNA, HEEE
R IR R AT HEAE B P BRL RO A 7T TRl B, BR T
MR F AR, LB, Do T45 Aot
FHFHE RS 1 —E R R IERH . HHT,
BRE AL BRI B IR S R R AR ol ik
%, S EA RS DU —E RS TG

2009 £, HLZ0 Mg RNA Il 5 (single—cell RNA
sequencing, scRNA-seq) F/RER[AIH, ITEHFST
IR A . SRRAR AU FER U RNA-seq I
A BEAG I — B 4 e S 2L ) S 2] ZKSP AR TR] - seRNA-
seq SR AT AN EXSREIRIAL s d] S AR K]
HIAEFEFTIF 34T o scRNA-seq 15 /K B 6 & B4 AL
FEAREIE CERER) . 2=[ (HRAE) 5 P
FLRFRIARE, R ANM AR SR R VLHIR S E R A
DL S fS, REA S R FGA K AR T
scRNA-seq fit = HR B AR i I 2 IR 34T, i fe
EE BRI YIRS F R AL i B R 2R R 7
M, R GEABIE AR ENE], 7 RE TR
REZo
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DEPC diethypyrocarbonate =3

DAPI 4’ 6-diamidino-2-phenylindole 4’ 6-Z K E-2- K E | g

FITC fluorescein insothiocyanate SmaERER

PE phycoerythrin BROEH

PVDF polyvinylidene difluoride RR_8IW%

RIPA radio immunoprecipitation assay a8 REITUEE

FBS fetal bovine serum fa 4%

BSA bovine serum albumin +MBEEEE

P propidium iodide LA LE

Bcl-2 B-cell ymphoma-2 BitEMiEE-2ER

GAPDH glyceraldehyde-3-phosphate dehydrogenase HimiE-3-BRESE(RNs)
Ras rat sarcoma gene ARAEER

DNA deoxyribonucleic acid R AL NE LR

RNA ribonucleic acid ZNEZ IR

cDNA complementary DNA B#M(REEEF)DNA

siRNA small interfering RNA NFHERNA

miRNA microRNA M RNA

(LR SR EZ VRIS



