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Research progress and therapeutic perspective of iron transport
balance based on "'iron-inflammation’ homeostatic coupling theory
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Abstract: The iron and inflammation homeostasis are closely coupled, forming an integrated functional unit
under physiological conditions. "lron transport balance” has become the key mechanism to maintain iron
homeostasis through bidirectional regulation of iron uptake and release and dynamic management of transmembrane
concentration. It is also the physiological basis for the inflammatory balance between promotion and resolution.
Under pathological conditions, represented by inflammatory bowel disease (IBD), disturbed iron transportation
was highly involved in almost every step of inflammatory diseases. Therefore, the iron transporting rebalancing
provides the mechanistic basis and effective approach for the normalization of inflammatory microenvironment.
Macrophage is the key regulator of inflammation homeostasis and determinant for iron transport balance.
Unfortunately, the current clinical transformation based on iron transport balance theory has still been insufficient.
Sometimes, this strategy even showed high complexity and contradiction, severely restricting its clinical
application. By summarizing the theoretical research progress of iron transport balance, especially its relevance to
macrophage phenotypic polarization, this review aims to explore the therapeutic value in inflammation intervention
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by targeting iron transporting balance. This review will provide the necessary knowledge and hints for the research
and development of candidate drugs in treating inflammatory diseases.
Key words: iron homeostasis; inflammatory homeostasis; macrophage; iron transport balance; the treatment

of inflammation
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Figure 1 Relationship between iron transport balance and polarization of macrophages. M1-type macrophages show the expression of high

iron transfer-related protein, high ferritin and low ferroportin-1 (FPN1) expression, while M2-type macrophages show the opposite state.

Macrophages recycle iron by phagocytic red blood cells to reduce the availability of iron in the blood and inhibit the growth of pathogens.

However, iron in cells will react with H,O, or lipid peroxides to produce highly active OH or LO, LOO, triggering inflammation. Iron

regulatory proteins (IRPs), hypoxia inducible factor (HIF) and hepcidin act on transferrin receptor 1 (TfR1), ferritin and FPN1 to regulate

iron transport in macrophages to maintain iron homeostasis
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% A7) & A A AT 22 0 S 3 S ) HIF-1a, BT 18 7
L 2 P8 il 55 1 0 A2, 0 5L AR 119 2 e WL 47 A B A Y K
Ham NS HIF-1a 5 H I RIE, FRAK 25 K 11
AR, i3 mTOR/HIF-1a/VEGF 15 5 3 % il 12 20 i
34 1D I 358 9 9 S PO @) 16 240 Y W B 3 R DLAT 2K
P HIF-1a B RR 88, 75998 75 P8 A AR Jo 48 rh s 1 v
WL 21 % 95 VR U A T RE B, SRR T BRI R
JRU: Hb v S 3 i Y T PKM2/HIF-1o % 5@ 2 5 59
HIF-Lo [R5 252 355 1 AV S A0 SIS B, 9 483493 B 9%
i (1) R JEET,

HIF 588 NF %8 A TFR1 & DMTL R ik 2
BARSE, B HIF PG Ve 2O W A S 2 e £
Fh 9 TE PR R I AR R 5 FRIE R R,
1H R AR T BRI R I 2R 25 W vl BEAE B B L i2 i 12
RIFFLRIT R, XAl — DA i i .

3.2 B hepcidin HIEA M AERATHHEXAY

FEFZ AR A% 35~ 18 (1 AR 22 B8 A, FPNL 2 Bk it
T A o E— I, S FPNL B A Sh g il o AN Al
AT . A W FEPT0A hepeidin-FPN il 2 FPN1
RAEEE (I Th R SCHE, 3 hepcidin ¥ 30 71 F0 45 Bt
FITT LAA R8T FPNL 2 2k 5 . BN Bk 1%
iGN, 75 ZE4MH] FPNL 1) 2 B Dhfg, w] LA A sh 1)
K hepcidin ()31 &, WK 5 57 58 i Gk AR 36 4 0E 52
Al LLE I STAT/SMAD J& 44 34 5% hepcidin (1) 1859, ik
— B4 FPNL (%) 8 E D Rg, /b A Bk i g o A
S, hepcidin f 4% $t 7 AT BAfsE FPNL 1) 85 B D g B3,
U1 PRS-080#22 1] L 55 hepcidin 45 & M i FELKT hepcidin-
FPN (1940 FAE ™, 1 — 2D 1 58 FPNL (1) & 1 DhRE, 2
o 2 LAk R e AR BE 7. E 1BDIM 2 KR % Y 4 1
S 9T R 9 TR 1 % B hepcidin B 2 3k 88 T, ) o
hepcidin 152 1A %5 B0 V67 Xl Jg B B2 R iR &

M HZHE R R A SR K IE RS R 2 —,
BA UM SR . KT 2K BRAR
AR 29 £ pE A LLBA R 0 1) hepcidin f 3R A, i
FPNL {18 A Th A A2 FH, b il s 2k m & &,
/U 9% 3 A B AT 1R A, DT 458 1) 8 ShE B 48 R 1 B fL
R A R RS, BT LA, 2405 22 8 BT DLAEE T 142 hepcidin
I I R b 98 95 P 008 TR T

IT IR TT R R B )1 %5 A A A e 2 g
577, WA TR T I E 6 B 55 2 Uk o), B
A w0 I ) D Rk, A AT A e H D A )
22 200 i A R K B SR PR AR 0 . B AR
5 0 DA F i) Pk e 22 4 Rk A, ek A G R I S 8 R
JSE, AT 6F i 2 2 HE AR 4 Th e i Fe i X —
J7 R BT 2 07 4= U7 T DU E FPNL 3Rk, By ik 8k
TE L P R A SR AT A A LR A ik 22 561
33 HMEXFIEAY

VAT M A A T R R 2 A R R A T
HA, A S RAEMRAS K R, 2 IS
BRI B RS N E B RN R, B = 5 RIERSZ A
(G, B HdE AT 30 A B (36 1),

AT LAYk b A Bk 1 B B I 25 ) AR N R
A7, IR B B G . R B R0#/> 1BD
LB ORI R R BB G A T DL BRI
IBD [ iz 18 % i i R 15 BR AR A8 m) T AR T 5
RAEKFPRE, X IR T 8RS S KORE 2 1)
IR FR . (HRXWEE U T H AT 1BD &5 2 5E M
FIRIT AL SRS ERERSLET AT EM
WG B R o S0 T B ) JORE 1 5 0 1 5, R
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Table 1 Iron homeostasis related regulatory agents

Type of drug

Increase intracellular iron

Reduce intracellular iron

Synthetic

Erastin’®”

RAS-selective lethal 3
L-Buthionine sulfoximine®
Ferric ammonium citrate!®
Sorafenib™

Trolox®®"
Glutathionel®
Ferrostatin-1®"
Liproxstatin-1(%%
Deferoxamine!®

Sulfasalazinel™

Phytochemicals
Piplartin

Phenethyl isothiocyanate
Tanshinone 1A

Artemisinin compounds'
73]

Deferiprone’®”
Deferasirox®
Thiosemicarbazone!®!
Desferrithiocin!®”!
Baicalein®
Puerarin®®l
Anthocyanins
Guereetinl®

[74] [90]

Polyphyllin 17 Maltol®

Erianin”
Traditional Chinese medicine

Prescription

Ginkgo seed™
Trametes!™

Curcumin®

Donkey-hide gelatin/®!
Folium eriobotryae™
Bushen huoxue formulal®
Sijunzi decoction!®®

R LTI, AF R R — PR RN R AN R AR U BT A SR 1 )
R, X B T OGRS A B R B T AR . I
BRI L ) B TT DAV AN R S RE S B S, E TG
ARENLAR RE R SRR W k. DR, F 90 3 7% 24
H—FhB R IT T R, TSRS S RERRAS Z
AR .
4 REESERE

I IR A, I AR SRR S A E P
0 55 BT T 7 A L, T LB AR A5 A R 45 i O HLpR Bk
Fad 5 REF A B %W, M BAR, PR, 2
TR Y IR BE AR E (8B T BB BT @ BB s 1 2
S IR AR S T 4E R A BE RO R A B R, 2
BRASS RIERS MR EIG, @ KTtz
M, A2 L IBDVAS 25 AR 3R 1K 98 E HH O 555 1k
IR AR A E I R T N, AR A TE N Y
Z R e b O 8 BoR R R IR YT IR, FE T
HH R 0 B FH TS5 @ TENLAR O 558 4 B 4R A
T, ET9E RERSMEBOC RN A WIRYT g LA
BRI 5 A, A AR SR “ k- 9% ARSI 9T 1 HE R I
PRGN AR D

LA ACD AR 3 1 23 1M 32 95 2 1 PR 98 A 4 3 9
5w DL JF RORE, FR 3 7E R0 TR oW AN AT RUA R
SRANL L . H B MER A A 3 RO O 38
JE S T, BE— 0 R, IR ek 4 4 56 hE
RIS, FEEE A MR BT . FRIRTT &, 2 IGRTA
I SRR N k-2 RS ph R ARER ], R R
PR R 24, 3 S 505 9 R, A% R b PR 1) 1 24k - R Bk 3h
0 9 RE P98 (R0 R TT N, R B T B AT AE 4% i AH

SRR VR I R FH 7K 1R DSR2

BT 95 RAEM R H AL R, WRIIRERIT
FA 257 7 DAANMZO SRR, AR I B4 “ k- 5 7 R s %
O, BT 2RISRV . EEAIIRE 25 KA
PR 1t e, 3 U)K 1) 18 S A, R4 R k-
RFaAS MM R, TR LR P JE A BCF & .
B H R E M A AR, FERIAE: © E8HER
SAE P4 HH I FRD YA T R, A7) B — R AR Bk B & DA
P JRE, AR IR — B 5P 0 ) S5 T 0 A O B 1 )
BOEAL . Wk A )2 N T 1BD 4 & 25 R B
CRAESEGE LUK B4 28 H O, i g # & 7 e
7 5 I E REME ST L, @ T BN i AE ACD £
I VR R G TE EE ASUAAE 28RE T T BRI 1 4 4E
STZ T, TR W 4 B T 30 % 2k R G PR R A A 1A
W B @ 1 TR I AT I 152k 5 18 A G R W
25, Bl = 0 IRPs-IRE 2 4t 1 15 6 6 200 a2k
o 38 ST ATk RS 72 R (R BIE ST AR 5 @ Hepeidin £ 4
R DUAE JRIE  BF U AR - 48 W 55 Ak FPNL (1 1 2
UL A ZURE R R AR 2L FPNL B AR )
hepcidin BIME, BLVF“Bk- 428 A2 25 1 15 AR A B — M
M. Bk, %1 L ACD AR B, A KM 2
TP Ho i SR B B Bk AR IR T g DL B
Wk 24 g RG22 14 S 2 R 5 1) 70 5 kR B A P g L 24
JEW], 2 2R ILR TG, Bl S8 IRPs-IRE I AR AT 55 56
HEAT W R B FH 4k, AN R vT R gk s A G B A
(29, IR 38 FLAE B VR 4H f 2k s 5 MRS 1
RO 5 4 5 8 259 ) SE At 8 s 20 400 S o ik L
FEREA R M PHAS, SEBL S RURTT -
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EAERE R, FR%- RS RBHLR A O 2
YA DB 77 A R, B AE 22 A 5 g o
o0 ER o AR RS PE ) 7 T (nonalcoholic fatty liver
disease, NAFLD). 2 %4 % JR i (type 2 diabetes, T2D).
AS ZE AU B A U 1) JORE AT PR AL, 2 AR
5 G R AR AR M o Ty FE b 98 0 S 1Y) B 2
Kz — AW I KA. MR A v] DATE 280 R
2 IR - R VRS, I U B SRR A 1T
AR 1 = AR AR VR IT B . A [RBEE H HRE
11 15 W 00 I k- % T 4 07 T A (B 45 32 T 3R,
WIFE NAFLD H, it 48 55 1 5 4% 48 i Sk 5 1 1 R 48 it
T8 O 4 R AR A TT DU 50 U 4 AR AR S IR AR
NAFLD % A2 10 I 98 0 R 452445275 T2D %552 i e
JHE 51 R ) i B 2R AR B, R A8 i 107 20 23 e
40 i (adipose tissue macrophages, ATMs) &8l W M1 F&
AL, M1 W 4 7 00 8 RE 2 i DT 1~ 3 350 7 4H 2 g
By #A8Pt, T T2D & & 12K -1 1] LAsZ g ATMs 1)
e TT 18], A7 R 5 TR A I BHL L L IR R ORE ) R A R
JEES: [F AR, 78 AS BEHRH, ML [ 40 i R AR
RAE e AS R FEAR BEAE FH , ) [ 0 200 i P kA X X
AS B — iR ER™. 2Lk, BETHRR R
(1) L 4 AR A TR, R AR S R 2 P A s i e
BIT VAR O E R, MR R R T - R AA A
T Jie 25 W) P v 70 5 R, B IR M ) R AN

25 bR, A2 SOE VE A OB AR 55 2
BUA S % RGP0 BB IT T, - RIS AR H
IX B g 2k e 1 s BEERA, SE AR 91 R IT IRTAT T 1) .
XU 25 A, RO 2 8 RS T, DA4E R
S AUE R 7, RSP RO ANE . TS
PUZGHLL, RIS 2 By 24t 2L RIS T
P48 U8 755 1R Y8 7 R A8 18 19 B k- R R 1A
ST TR o X — LR B R AMNER 5 R R TR I Ji oK
R, fRVER S 90E SRR YT B, SR AL I PR S A 2k
PEFN 22 AP () G BEIR AR “ N B k- R IB YT RS SLIL AR
BEFMEC”, TPRAGRES WIS T4, A HAEE
G R AR X — U AR

Ve STlk: W TN O 7 STk AL R AR A S B4R S AR
B X TN AL 2= 2 AR BT S0 T RS RS G M RAR VPN LR
MR FEEEREHZ S T CREOBSOE T ERERAN R,
SKIEHTIEIC GO AR A RO EAT T VF I8 2 B AR 9T 02 47 5 S
(1 35 R ST, R HEE 4R 2 S B R, S R I R R
TN BTSRRIV T R Rt

PR3 A R 85 AR S0 Hoph N SR oA
(EEUERLIEN
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