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Research advances in iron overload and related animal models

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

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

offer insights to support the development and analysis of models for diseases related to iron overload.
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Table 1 Animal models of gene mutations related to iron overload
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IRk VG SRV e T BRI R
N Hd 30]1)x/ﬂ1yx = Alb-C + /J\ EL g& r:_l + * Hﬁ’ Hm ) ) ‘
Hdac3-L g 3T 9 AbCret PRI CE =300 T g pmoic, er et
”» (Cre-loxP &4t) Hamp mRNA | )
IR i 50 ppm - Ferroptosis, hepatomegaly ,
Hdac3™™"*_Alb-Cre* LIC. SIC T, hepcidin l, Fpn o .
Hdac3-L KO mice hepatic fibrosis
mice crosshreeding ( duodenum . spleen ) T, Hamp
mRNA |
AU YAP 21 s . .-
- . MEERARE T 2RI R | | 2ki%is
(shRNA ik, RNA T3) e
YAP K342M , EA(TFZH#B.OM) T, Hamp 1 .
N Knockdown of YAP  protein NA mRNA | ST R b

YAP K342M mice

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

male mice

LEWzi/zi KR!
LEWzi/zi rat

Y245X %A
N AR
Y245X knock-

in mice

C57BL/6 Hjv™~
JNELS)
C57BL/6

Hjp™™

mice

(shRNA-mediated
knockdown, RNA

interference )

AEH R

Hybridization

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

IR FR KR (5)
Zitter ( zi/zi ) genolype in
Sprague-Dawley ( SD )  rats

crossed with Lewis inbred rats

(backcrossed)

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

6] WHR T HZ)
be|||3/+ + Tfr2Y245X/Y245X

( backcrossed on a C57BL/6]
background )

[ B BR

Gene knockout

NA

NA

380 ppm

75~
100 ppm

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

FFgk B BB 1 AR 1 4
BT BAE
LIC, FER, NTBI 1, hepcidin |

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

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

the choroid plexus

Az |
Hepcidin 1

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

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

Hamp mRNA 1

liver hepcidin Fpn

spleen,

Hepatomegaly, iron toxicity

B~ P i B 4M, JC L, AR
TREE , IR FRISEZETL

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

lipid metabolism

HLAST A L, 8 0 A Pl 5 4

I 22 KA RE AL AE
Intravascular hemolysis,
inflammatory demyelinating

disease, multiple sclerosis

PRI R TUESE , IR K

HH, splenomegaly

TP I (0 R T A
HH
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Ik v 2Rk BE T, I BRI
s v R OEBRVIR T H
Bmp2 KO MV Bmp2™"; Bmp6™™ ; Tek-Cre+/h lR ﬁ | S I, Hamp
m yir
JNERDT R (Tek-Cre+, A floxed) 2~ o » T LG R DUEIE
wa . LIC, SIC T, splenic iron deposition
Bmp2 KO Bmp2""; Bmp6™™; Tek-Cre + 380 ppm . . . HH
o mi ) Tek.C foxed I, pancreatic/ cardiac iron
e mice mice ( (Tek-Cre+, floxed genes) deposilionT , Hamp mRNA |
JAERR L0 ke 8 T IR Bk BT AR
Bmp6 KO Mtk Bmp2*™; Bmp6"™" ; Tek-Cre+/]N LR O BERBTAR T, Hamp
SR BR (Tek-Cre+, 3£ floxed) 2~ mRNA | A% i R U RE
Bmp6 KO Bmp2™™; Bmp6™"; Tek-Cre + 380 ppm  LIC, SIC T, splenic iron deposition ~HH
male mice mice (Tek-Cre+, floxed genes) L', pancreatic/  cardiac  iron
deposition T, Hamp mRNA 1
JFR LT BRVR B BBk E A T
WE | MBRDIRR L R O
Ecs Bmp6 ¢cKO Bmp6™" ; Tek-Cre+ ( Cre-loxP 5 ;E%‘E/% i : QI?E RlNA%L g
N SERULES |, Hamp m . .
HEPENER %) A Y RGESTe
380 ppm LIC, SIC, Tf T, hepcidin |,
Ecs Bmp6 ¢KO Bmp6™";  Tek-Cre + ( Cre-loxp . . . HH
i splenic  iron  deposition |,
male mice system ) . L ..
pancreatic/cardiac iron deposition
1, Hamp mRNA !
C57BL/6]; 129S5/SvEvBrd i %
Smadl/5"" 5 Cre % 3 /N B
Smad1/5 KO AEHE ( Cre-loxP R 4) IR L RV L T, e kAR :
o . PR ARk A
INER Crossing; Smadl/5"" ( C57BL/ 380 ppm T Hamp mRNA | . . .
Severe iron overload in the liver
Smad1/5 KO mice 6]J; 129S5/SvEvBrd ) X Cre LIC, SIC, Tf T, Hamp mRNA |
transgenic ~ mice  ( Cre-loxP
system )
Hfe”" 3 Bmp2™",
: ’ e JRER ML R B R T, -
Hfe KO /NRUT (Tek-Cre+, 4 EFHEIR ) “ SR | R H A I € 2 YU S
Hfe KO mice ~-, [ k-Cre b HH
ffe KO mice Hfe™™s Bmp2™; - ( Tek-Cre +, LIC, SIC, T 1, hepeidin |
systemic knockout)
IR/ IRTR /795 A L7 - = I
WEL, DU L T f
Bmp2+Hfe KO Hfe”™; Bmp2™"; i";f iﬂ?%’%ﬂf b AR
o LR N S
N (Tek-Cre+, 2 B PERER) , . WP 6 R VTE SE
o NA LIC, SIC, Tf T, hepcidin |,
Bmp2+Hfe Hfe”™; Bmp2™"; ( Tek-Cre +, . . . HH
- ' splenic  iron  deposition | ,
KO mice" " systemic knockout ) . . .
pancreatic/ cardiac iron
deposition T
C57BL/6] Hfe”” M B 5 WERk B BB E 1
o CDI1. 129 Gnpat”~ it 8% 3% BRI BB R A T
Gnpat™ ™ e Hfe"/Grpat”~ BHZE |, Bmp6, Smad7 mRNA |
B at 4
IR cm Hamp | S PR
Hfe”"; Gnpat”~ mice were NA

Gnpat™™ male

mice

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

Gnpat™™ males

females

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

Disruption of iron homeostasis




Aliver
Hepc™"" mice

(hepatocyte-specific) mice

(Gene targeting + Cre/loxP)

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

deposition T, DCYTB, DMTI 1
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IRk LT SRk B, BRI R | e
C57BL/6 Hfe”™  [RELH,ES g5 EGm & BB 132 4K 1, Hampl 2 Hamp2
JNERL Homologous recombination , mRNA T ,Slc40al |
} 270 ppm . 10L
C57BL/6 embryonic stem cells and LIC, SIC T, hepcidin |, Tirl,
Hfe”~ mice embryo fusion Hamp1/Hamp2 mRNA T,
Sle40al |
; s PRI EE T B R | ek
R 4L, ES A0 S ARG S
AKR Hfe” /N, o %Z &K 1. Hampl/2, Slc40al
Homologous recombination,
AKR ) 270 ppm  mRNA | IOL
, embryonic stem cells and .
Hfe”™ mice!”" . LIC T, hepcidin | , Tfrl, Hampl/
embryo fusion
Hamp2, Slc40al mRNA |
Hfe H67D/H67D .
: . iR IRCR 7273 A L7 A S I S
N 0 T 41 200 ettt AV I G B
m QAES
Hfe H6TD/ Homologous recombination PP ) . HH
LIC, SIC, Tf T, hepcidin |
H67D mice
€294Y/H67D . HEEk LTS 2R 2 Fe gk T, -
o I 5t 441 : . AL ML 6 R UL A
VR o 200 ppm  ERIEE |
Homologous recombination . HH
C294Y/H67D mice LIC, SIC, Tf T, hepeidin |
S ok ke [
CSTBL/6 Hfe'- {%f%%\muﬁ %‘{ZEJX\%%EEI !%%
) 25 150 kAT BRME FBkERZE . o
N e o R RL N
NA ppm, 1] BRHRZEk 21 . .
C57BL/6 o . Mitochondrial damage
o 2 weeks LIC, SIC, FER, Fpn T, hepcidin,
Hfe” ™ mice Tfel |, Mfrn2 1
IR/ IR R /R 35 A7 SIS
; 4 1,834 |, Bmp6 mRNA
12986/SvEvTac + C57BL/6 TR A S % %i lw " mﬁ -
- o TR B R GORL T, Ak DT
o AERCIBE B+ Cre/loxP) S
Hjp™ Het/ R ) g2l LR Z A
12956/ SvEvTac+C57BL/6 mixed 226 ppm - . .
va,/, male mice LIC, SIC, FER, Tf T, hepcidin -~ Mitochondrial damage
background ( Gene-targeted .
l, Bmp6 mRNA T , pancreatic/
knockout +Cre/loxP) o . .
cardiac iron deposition T, splenic
iron deposition |
Pk BT T B
Hamp1"™"™ /N5 £ 35 Cre & YABEr (R ) 1R
Hepe™*" Ttk LAY 5L R R (E2a-Cre) 22T FRERDIR T, + AR R L BT
N (L] +Cre/loxP) NA B M &EiEEA 1T e
o ) o/l ) Myocardial dysfunction
Hepc™"" male mice Hampl™" xE2a-Cre mice LIC, SIC T, FER |, Fpn(spleen
(Gene targeting+Cre/loxP) and duodenum) 1, pancreatic iron
deposition T, DCYTB, DMTI 1
Hamp1"™" /N B4 3% 35 1 40 g JIFgR VS Bk RE T B L,
PSP Alb-Cre T 41 /) R 3¢ PFeEER (T8 m) 1,5
: FiC (6 (R 425 +Cre/ToxP MRERIURR T, + R %
Hepever g TECRRREILCre/loxP) RRILRA T F IR R s
Hamp1™* xAlb-Cre NA B. M &EitisEr 11

Severe iron overload in the liver
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C57BL/6) Hf Bl ENU Ab #2
flatiron 227 , 5 [A] 2 i R 11 28
Fprt (3200 (I#AZEAIA) | WO LR T B -
JINER C57BL/6] male mice treated with NA B2 | BHE T I (0 R U AE
Fpnl (H32R) ENU to induce flatiron mutation, . HH
] . LIC, SIC T, Tf, hep(:ldlnl
mice backcrossed with females of the
same strain ( chemical
mutagenesis )
Ndst1 Hepatocyte 200 ppm AP MEBRVEE T, RIM K,
KO /ML Ndst1”" Alb-Cre ( CRISPR/Cas9 (1 week) — Hamp mRNA | , Bk 1
Ndst1 Hepatocyte & [F 4% ) ~ 8300 LIC, SIC 1, hepcidin | , Hamp IOL
¢KO mice Ndst1”" Alb-Cre( CRISPR/Cas9) ppm ( 3 mRNA |, Splenic iron
weeks ) deposition T
HPRR (i e X3 ML BRI,
BEA T BRIEE | MBI
C57BL/6; SV129 IRA&H 5t LOE CDE BRI ER TR T, AlK3
Alk3 KO M Alk3"™™; Alb-Cre( Alb-Cre, mRNA, Tfrc mRNA |, Bmp6
sV FE A floxed) . 380 ppm mRNA T . . IOL
Alk3 KO C57BL/6; SV129 mixed LIC ( central region of the liver) ,
female mice background Alk3""; Alb-Cre SIC, Tf T, splenic iron deposition
(floxed) ( Alb-Cre, gene floxed) |, kidney/pancreatic/cardiac iron
deposition T, Alk3 mRNA. Tfrc
mRNA | | Bmp6 mRNA 1
TG, Y129 LA BFKCIITIRE) IHRILIE
Alk2 KO HEPE Al2™"; Alb-Cre FHREH T, AR |, A2
i mRNA . Tfre mRNA | , Bmp6
N ( Alb-Cre , Z£[H floxed )
. 380 ppm  mRNA T 0L
Alk2 KO C57BL/6; SV129 mixed

female mice

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

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

(33 T :ij][]; l ;F%fEﬁ;KO;%?&%;CKO;%#F‘HE%?ﬁl&%;NA;)‘C'—I—'ﬂ%%&;Hamp mRNA;@Eﬂ%% mRNA;DCYTB;‘I“:?E%?E]E@@?
B;DMT1 : M4 JB L5 8 1 1;NTBI . JEFE4 R 19 45 54 ; Sled0al - 265512 5 14 ; Bmp6 mRNA ;B IEZS & 2L 1 6 mRNA ;Smad7 mRNA
SMAD ZJRIM 51 7 mRNA ; Alk2 mRNA : #1 2 32 MR 3 mRNA ; Tfre mRNA 88k 8 32K mRNA

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

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

2.2 RALB#ENIFES IOL FhiiEs
AW KB T0L A 5 2 Fh5 9 14 9
R AREA O, I %1 T A0 10L 5 HAhg
PR — A5 S IR A L i, ALTAMURA
LN Fpn S NRE 2 RUBE PR S K
PUAAG 5 A8 M R FRAE 19 Lepr™ ™ /N B2 28 2K 45
Lepr™ ™/ Fpn™ % /N, PAILER T TOL /E 2 2 A
W DRI FR A HR R B ) R FT b X I RO DR

39 R0 TR 53 2 I 30 O A& BB R, BAO 450l
C57BL/6 15 5t T H Fpn-floxed ( Fpn™™) /N5
NEX-Cre /MRAE L LA F= A2 45 (R 1 Fpn™ ™Y 1
B, BIVAE G 1z )22 it By 1) 32 220 28 0 rhoast A5
BR Fpn, 52 BT 7K 2 T BRI 00 ¥ 5 22 4 A IC
120 IR 5B Fpn 7T k3% APPswe/PS1dE9 /)N FLHY
BRAE T MICAZ B 5, AKR 35 5t F ) Hfe””
Te2™ /NERZAE LA G He™ ™ xTfr2™ X578 3 A



o P AR R 2R 2025 4E 4 45 35 545 4 ) Chin J Comp Med, April 2025, Vol. 35,No. 4 121

I /0N R R P B TOL B 8T 45 457, MOON
SRS 13 JEXH R 3 CSTBL/6] i R 3 T
4 S P e/ A R R B ( AOM/DSS ) T
/NELT LA 2000 ppm/kg & E AR R MV 42 LA ) 45
R85 H W TOL #7858 & B, IOL T 14
AOM/DSS 75 5 1 2 i 2 [ 3 3k | HEZZ T 45 g A
AR IE RIS EE R 5K & 0L LT
HAX,

CHAN 21178 9 B ifarE B6D2F1 /NS T
300 Gy ARSI 4= B 4 5 + 2 R 4T 0.5 mg Hb
FERFAWEIR 40175 5 2 PR BE 2R 11 0995 7 S Ak -
ST 2 0 JE I s T A TR IR 375 mg, Kk
70 JE AP TOL A58 | LA TOL S 2t 6 &
1L 75 1 52 ) DL K VP Ak 4k 25 6 R 9 A stk
CHAUDHARY 25V 75 Hfe™ /1N B & IR A 18 &
75 2 BRI, LT f# TOL 5 8% bR B 22 [A]
FITETERE R
2.3 5MEM IOL Zhig#E sy

T AT 7 B ) i T8 B I A ) £ 4 B
VA K 8 AN 2 5 T e TR BE Ak, DR L I 1 0
TR A AR BRI S B0 TOL (1 B
ANHE UL, BRI 22 U B I LA B b 7 40 50 A A D BR
Ah, EBLBEAR S, B HRGE Y 2 b #E R ol
20 mg/kg KT (mg/kg BW) , 50 i 7K S 2 L5
AR, SR, MEEA =K T 60 mg/kg BW
B, E AR AR E 4 B RE ), 7E JLEE R
NHEAR A SO0 & 10 2 HE A 431 25 2R 200 ~ 300
mg/kg BW 1 1400 mg/kg BW' "' TEZh ¥ 5256
Hh R A R KO BB AR RS Sk 3,
U R e FE A AN ], {H B RAT =53k 2% ~3% (20
000~30 000 ppm) ,

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

ZHANG %1 38 5 [6] C57BL/6 /> KU 5 4
T4 10 mg B9 Holo-Tf 7 201 i 1 2kad 2% /) B
B B G SR BETE 2 h 9 4K 4 1% Hamp
mRNA ¥R 4 h 35 B 0EAE , A R I3 8k 2k 2/
kst 25 09 A5 75 4, TR2 F FTHL A AH R 3
455 7R Holo-Tf H45& -2 L Xt BMP6 YR,
IR E3 2 RZEHEHE SMURF1 7] DL i 4
oI 3 4k ik 2R S T 40 i %) BMIP ) 2 1 P ke 4 S
P:E95 BMP/SMAD #4%

2.3.2 FTIERREHE

WA SCRT IR TOL H 4517 & AR 3L L 48 4E A
LR IR TN RERE IR, T S B 40 e T, R &
IRF TSR I Z R ML 2 — P L1 %9 7E 8 JA
% CSTBL/6 /N BB KU ¥ B 1A b 3 58 ¥k 1 o
0.5.1.2 pg/d, I HEELLEST 1 A f9A 68 iR 2k
(ferric ammonium citrate, FAC) , LA 22 /) BV
oy JOL B #5826 TOL i A0 28 50 iy 6
Binl REVH R F8R175 5 T A 2R 5L AL furin 19T
PA LA B Vs 1 228 3% L F- ( BDNF) [, 1%
AP A AU B T £ 3 2 S R 7 0 A R TR TR R 4
X107 mol/L AR EE IR Bk & /K rh b AT 2R, J 8
(1) 60 h 3 f5 B AT ZE A BRI TOL #5280 | /N
5T 20 i 154 B ek % A A RS L Ao U I8 A7 4 24
IOL ¥4 FPN1 F1 DMT1 /K FE3 ., CAROTA
AELLE I AR IO o — B FRAE A A A ) L
HEARHIA KN, i iF NRF2/HO-1 38 #3506
RIEPUEACIE R, A LA B0 B 493 T 208 TOL
PR,
2.3.3 FriEmEL

PRI — Fh IO 45 Bk B R Eh 45 6 0,
BRAE R B s I ) LA A | 4 02 FH 15 1 B s b 5
REBEIGYT O 1 IREANFER ., HUANG 5%t 9 A
1% C57BL/6 /N B K 3k 16 B R E B IR 4k
(333.3 mg/(kg - d), #5RHl AFl &2 K
2585.9 mg, /N T 156 B A5 45 R HEFE & 4800 mg/d)
PN i TOL A | % IO O B R
B2 0L B4, 30 & B/ BOA AT A7 M D RE B AT
AR A VMR 4 AR sh PR
2.3.4 TR

B— b P IR B I AR /N BRAE 4 S H T 2 g/kg
SRR P Rk M R T R A0 v R R T T
T TOL #%1 SRIPETCHWANDEE 25145045 1 A
RV THRIT B—Hb g 2% il AR5 TOL Jir 35 i) il
ZONAITIRERERT , A A ML AT REJE @ 1 T 45 58
A &, HFIIEIZ TOL AR ALY A i 28 i o ok i 7%
b SRR T BE A Bh g 2 AR Ak | i 41 e O T A e
IR PR BRI B AR AIE
2.3.5 KA = L REK (ferric nitriloacetic acid,
Fe-NTA)

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

Fe Dex J& 4k & 1 10L sh )5 AU 57 5 UL Y &k
F, - HL R B I B AT, 1R
i S A T R Ik S L Y 2k TOL &% KRR
Fr i — 3 K - PR R (HPG) %l ™= 2R 3 PR A 0T,
SHU %6 REUS 2 A B A RUNRAEE 5 d
Ji 1 5 300 WL A 10 mg Fe Dex 2~4 JEI#E 4
B I0OL 2%l . FIDELIS 251 5@ %F 3 A # i
TEYE Wistar K BB S d 83 8 09 18 s 1 5
200 mg/ (kg - d) A7 HEMEEFER, DLt F T 2F Al BH Wt
M SRR AT 2R 5% TOL 13 51405 19 A 5%
PE, QIN 25005 3 4 8 1 Ik, 1 SE 8 JA R AR
PE C5S7BL/6J /N BRI i 33 B 3 40 3R 0.1 ¢/kg

(LF 41) .0.5 g/kg(MF 41) . 1.0 g/kg( HF 41) )
A7 THE W T AJ AR 0 1 e S AROf M TOL SN 584
STV RR E K SEAB L T TOL X P 43 306 1 B9 6 4=
FEINRERGRZIR , WF 75 e % TOL W] g i3 il IK o
JE A B A0 IR B RASE Ff] Wt {5 514
SR PE I BE  HEF 4/ BN 282 JOE = 1 L
il 5 25 10, FARERAR S R A

WU %55 3 i X % 6 ~ 8 J& % 9 BALB/c
/NEEEA TR 10 J5] R 200 mg 1 A7 Jié i IR
J I PR 3 i, DA I AR 0L P A e A AR AR i 9 A O
IOL BB MR AVILA %5070 58 5o 8 i o9 0 5
100 mg/ (kg - d) B8 5 d, 33t 4 J A4 e p isF
BRERFAAN T , DAL EE ST A8 PE 101 /N U R ¥R 55
iz B % TOL A0 WL A8 /9 PR 47 L &R . JENSEN
FEE IR AR 15 A XM RF LR AR /N A R
HEFT WL A e B I F 4k (B8] 7 ~ 125 mg/kg) 848
RemsHE L (7~21 AN ) EIRA e T4k (B2 5.0
~140 mg/kg) ¥4 HM8 P TOL LAY | DL R0
Wt T2 = BERTE TOL S5 44T Al 1100 Bk 19 A 24
P, & BIZAE A AT A R4 i i a1 TOL 1 K
O IERE (R 2) .

R 2 SNREBGT ESh PR

Table 2 Animal model of exogenous iron overload

LHES

Species-strian

Bl

Tron formulations

TERETT
Modeling method

PN fEAS

Evaluation indicators

555

Outcome

PAYR G TS 10 mg Holo-Tf

C57BL/6 HEYE 2 mg/mL Holo-  (SMEMEES: £ 1k IOL)
N Tf 2y Single intraperitoneal injection of 10
C57BL/6 2 mg/mL Holo- mg Holo-Tf ( exogenous induction,
male mice Tf cell acute 10L)
JE I TR 5, ) IR A -2 mg Fe/kg
BW/d(3 J&),6 mg Fe/kg BW/d (3
J&) ,10 mg Fe/kg BW/d(2 4 H)
| W=z PED
Wistar K Y Wbk Intraperitoneal injection at doses of : 2
Wistar rat Fe-NTA mg Fe/kg BW/day (3 weeks), 6 mg
Fe/kg BW/day (3 weeks), 10 mg
Fe/kg BW/day (2 months) ( drug
induction)
WRSR IR 290 BRFERR (1 ) , Bl J
BARBRIKE (2~6 ppm #)2 d
OO sume  aimms)
CSTBL/6 2% Oral administration of 2% carbonyl
. carbonyl iron iron (1 week) , followed by a low-iron
male mice

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

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

ARk BE i 1
LIC, Tf T

vk B Ak B AL EE 4% 1, Hamp
mRNA | Bmp6 mRNA | B 2 1k 19
SMAD1 F1 SMAD5 %9 1

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

I0L

BR % | TOL, J§ & 2
[ SRS

Diabetes mellitus, iron
overload, islet

dysfunction

JFgkid 2

Hepatic iron overload
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&R
R BRA R it 4 )7
Species-strian  Iron formulations Modeling method Evaluation indicators Outcome
AV IS T 5 45 mg/kg BW STZ 78
SRR AR B S A SR A 2
¥ 3 mg Fe/kg BW/d(12 &) (254 . = _
Wistar  HE Pk A PR ‘%Er)ng o ( ! AR ! ,%%}'ﬁﬁaiﬁi i T
e [55] - ; . . . L haEiEE T 1(8) | W PRI P B 9
PN Iron Single intraperitoneal injection of 45 o ) . .
) . . Hepcidin |, Tfr T, DMTI Diabetic nephropathy
Wistar male rat  polymaltose mg/kg BW STZ to induce diabetes, .
) (kidney) 1
followed by oral gavage of polymaltose
iron at 3 mg Fe/kg BW/day (12
weeks ) (drug induction)
BT A A 400 pmol/L (¥ FF W Bk
ER R FLKE 60 h( 2545, 2 hmoxlb sodl  pigsl T, /MK B4l
oA OB # 10L) Mg b, R IE & 1 Fpn
T L6 [ER AR Placed in a fish tank containing mRNA 1 TR
wild-type FAC 400 pmol/L ferric ammonium citrate  hmox1b, sodl , ptgsl T, Brain iron deposition
zebrafish for 60 h ( drug induction, acute iron microglial cell |, DMT1, Fpn
overload ) mRNA T
HEH 2.5 mg Fe/d (16 J&) (59T MBTRURHENE A 21 SR U0ER, T
CSTRL/6 1 BIEKICA 5 181 TOL) B L BRI R 12 U
7N ER 4 IRk Oral gavage of 2.5 mg Fe/d (16 1 Bk¥s8EH 1T 14> R
C57BL/6 Ferric citrate weeks ) ( drug intervention for iron Substantia nigra and basal ganglia Parkinson’s disease
male mice metabolism induction, chronic 10L) iron accumulation, LIC, SIC,
Tfrl, Fpn 1
JE ST 100 mg/ (kg - d) % 4L S
CSTBL/6 d(2ifs, 2k 10L)
R 5 THERE Ik Intraperitoneal injection: 100 mg/ (kg — MLIEERME MEEEE 1 4 B I AE
- . Fe Dex « d)for 5 consecutive days SIC, TIBC 1 Hyperlipidemia
C57BL/6 mice . .
(drug induction, acute IOL)
CSTBL/6) M MERETEAT - 1.0 g/kg, BJR) 1Ok, F78h PR MG BRIKEE T B M R ok ™, ol S 3
[50] ) s 8 JA (12+4% 10L) Z mRNA | |, Sle40al mRNA,  figs2 4t
(N AR T2k . L R . "
CSTBL/6] Fe D Intraperitoneal injection: 1.0 g/kg, 2R 1 Infertility and difficult
female mi e rex once weekly for 8 weeks ( chronic LIC, SIC 1, Tfrc mRNA |, labor, ovarian
emate miee 10L) Fill, Sled0al mRNA, FSH 1 function impairment
BRI B JE 1 Hamp N,
. } BRI T Ham B0 i
AT 2 JEJETE 5T IDHC 100 mg/kg, B H 1 E AR HE 1, Sle40al e 8k 1 s A i
wisar W b LR s e ziin) TR RN L R
: educe ile
S ELLe a . Intraperitoneal injection of IDHC (100 2 | , % ALRIABEH K . Hmox1 1 . .
. Dextran heparin secretion,  metabolic
Wistar male rat mg/kg) , every other day, for a total LIC, SIC T, Hamp, Fil,
complex . . ; . . abnormal
of 8 administrations ( drug induction) Sle40al, Trfe, IRP1, IRP2 |,
enteropathy syndrome
GSSG, Hmox1 1
FEREBF4K, 5. 0~ 140 mg Fe/kg 1A
&R A UL, 12 14
& R R ™A
Wi g7 A BRI 2k (HWiFs) O JERRITR O IERRTIAR

Gottingen miniature Fe Dex

female pig

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

induction)

Cardiac iron deposition

Cardiac iron deposition
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gR2
LHEN B AT BEAECEED 4
Species-strian  Iron formulations Modeling method Evaluation indicators Outcome
AL 7 AE WO K 1 L BOAT A
PR TR A 0 ik b (25 . . o 1w
CSTBL/6 ey, TR W) g et B EITRE T B I DL
B PP IR Bk e Injection of 1 pL of ferric ammonium IR Hippocampal
. FAC citrate into the hippocampus via .
C57BL/6 mice X . FIL, FTH T Tfrl | neural injury
stereotactic technique
(drug induction)
S50 24 e LU S K A 4 T
15 me/kg (98K FR H BE 2 2R WA
1Ob B ERTEIRAOANERSUR e ot ) 1 W
0 40 m Ferk BN I CE01 g e 1t
Wistar B 4! BB AT NZZR | l\:lﬁ)
. [z 24 h prior, IOL was induced by . . 0L
Wistar rat . L. . Spleen iron deposition ( compared
SFOH intravenous injection of 15 mg/kg iron
. to female rat) T, LIC |, SIC T
carboxymaltose, followed by daily oral ( dto f Hfate)
gavage of 40 mg Fe/kg BW sucrose compared fo fertots suftdle
iron hydroxide for 13 weeks ( drug
induction)
SEHE 24 h LU G S 0O 5 4
15 mg/kg PYAERER H L2 28065 &
0L, B Jm # K ARG MR GR AR 2% 40 FFZOKEE T 1 (SHEMEAE) 1
Fe/kg BW(13 i) (249i%)  BRUIBI(SMEPERILL)
SIC T ms &
Wistar JC B BRI X 24 h prior, I0L was induced by LICT T (compared to male rat), IOL

Wistar rat

Ferrous sulfate

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

sulfate for 13 weeks (drug induction)

spleen iron deposition ( compared

to female rat)

1 Ho-If: 2 £k % 11 ; Hamp mRNA ; 5 5% 25 8 K A0 15 1 RNA; TFR2 . ¥ 8k 88 (324K 2, FTH., 2 35 AU B 4% ; FTL. 2k A % 4% ; SMADI .
SMAD &R 51 1;SMURF1:SMAD 4 5 E3 72 2B (VRS 1, DMT1 . & B HiEE M 1;hmox1b . MLLZEINERE 1 8918 T ;sod1 .
ABEALYIE AL 15 ptsgl  BUFI AR ZR PG B ALY A B 15 e BB 320K IRP . 8K A 35 5 195 SledOal . B2 85 11 FSH A B I K

GSSG . AL I B H Ak

Note. Ho-If, Holo-transferrin. Hamp mRNA, Hepcidin mRNA. TFR2, Transferrin receptor 2. FTH, Ferritin heavy chain. FTL, Ferritin light
chain. SMAD1, SMAD family member 1. SMURF1, SMAD Ubiquitination regulatory factor 1. DMT1, Divalent metal transporter 1. hmox1b,
Heme oxygenase 1b. sodl, Superoxide dismutase 1. ptsgl, Prostaglandin-endoperoxide synthase 1. Tfrc, Transferrin receptor. IRP, Iron

regulatory protein. Slc40al, Solute carrier family 40 member 1. FSH, Follicle stimulating hormone. GSSG, Oxidized glutathione.

3 BREERE

HE TR 0 B R 1) R R AR R AR T K 2R
) A5 AL R B AL L RN 2 4T Hfe Hjv
Hamp Tfr2 F Sled0al FeH 5722 (AL FERBAU A
et o BAR S R Gk,
HH ZACHZE AL e et TG TR, 0L 51
b B TR I [ 35 3 TR A SE B AR X, W S 22
T 1 AR 2 1) £35S 4DL , 3K S AR ARl R B
W T M R S B85 5K, SR F 9 R AR 28 L S XA
[ & I RE S P AL T S B LT 6

IOL AR —Fhilm RIS, AR IS & A T2
55 2R B B B R AR G, B BT

o ST S YRR S AR O E T L e i
EEEIR B DAL, RAKRSE T IOL 51 & 1L
PR W ph a5 A B S AR AL L
JF 4547 25 AR Ak, X BB AF ST B S TR A B
fift TOL M ARIET 95 BRAIL I T & BT B3R TT 7 i
PAE T 5 SRR SR R

TEREE TOL Bl 4 A5 R0 B it & 455 80 )
CRISPR/Cas9 Fl Cre/loxP 4% A #5500 4 AR 9 3
RAZ . CRISPR/Cas9 LA H: 55 230 % 1A B P 7 3
DR 2 rb o5 2 A7, T Cre/loxP T PR G 43
SRR FE A R i )z R, R AE
1., CRISPR/ Cas9 FA7EMEHE XS , Cre/loxP ] fiE5 |
RAMMEEPE R A B S Cas9 BHH
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Ak gRNA B3 1 45 Cas9 635 5 DA S e85 i
(4 S 1 R 8 -, AT DAAG S50 /0 ik 6 4 AR 7 A
TR e ) Ry R | B R A TR P v A T ] S

Ak &k TOL B 3= B 0 2 2RIk 5 5 R
25T AR R B UL e 4k % 1k IR B R Ak
FRBFZEEL, /N B A% AR W2t 5 2R
T, HORAE 1OL WF5E RERL, SR, /N Y 5
NI IOL fE7E 2 5 BRAH X SRz G 8 5 1
) AR EE R R, U CSTBL/6J /N B Hp 2k
T CSTBL/6NTY | /N B FE R R P4
AN PRE T | 28 HE 2k 55 T EL A AR S A
BEIN T AFSY TOL 2R WP RIMAIMERE . tAh,
Uk A TOL BLALA Z A s IR PR R
fiE SRR IR R, R 2
W R TOL #5180 B4k &8 5 B AL
FEPE R ACAIL ] LA B A 9 30 5% 5 B0 IROICAF 7E
25 R, M AR A LR A T X S A
35, DL Y A0 R0 3 R P A R b 2
IR N B R B A B % LI R 2
TR G — L LS TEM IR R, DL PR AL Y
FF SR AN AT A

/NEE A TOL A5 A0 B AR B 32 (R ASBE
SEARHU AN TOL R, I, B7F 5% & T 16 7%
] 5% f B I ) RS S v R 28 R R S5
Y, TG LA SE TOL 2R BRERE 15K
FEAE A, BN 22 &t sh i, O i R gk AaE
LT BRI CRE 1 5 NS, iz oA 2
FFNT RE 5 N 28 v B — B, i H Rl o BT 58 AN 2K
IOL Y PRARARARY 22 — | 1E ARG ST 42 K, A WF 5T
B LR RGBT 52 12 M TOL X0 LAY 3
F ARSI S B AR A SO R B PR AR S
EATERAC P IE F TOL A5 4 2 rh 49y i 5 A
AT A, R S A AR S G R 8 4 7 I R
SRR NE L B $E WS 2 9 KR LT, A TOL 1Y
T T it £ LA T L B

SE Ak
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