AMCOR

Asahikawa Medical College Repository http://amcor.asahikawa-med.ac.jp/

BE R I % (2007.01) 482 1E:36~45.

ERAHEIC BT AT U DikRE

AHRS® EARE S&k®E



L

BgRBICBITFBEI~AT VD HEE

AW o wEk. BA BRZE. R #H
CAE I = B R 52 9B 52 5 = G A2 )

Function of hepcidin in iron metabolism
Katsuya Ikuta, Yoshihiro Torimoto, Yutaka Kohgo
(Third Department of Internal Medicine,

Asahikawa Medical College)

Key Words: iron metabolism, hepcidin, anemia of chronic

disease (ACD), hemochromatosis

A A H O ok

F or - T 078-8510 bt ¥ 1 fB JIl ™ &% 28 E R 2-1-1-1
BN E B K% H =N F

IR 0166-68-2462

FAX : 0166-68-2469

email ikuta@asahikawa—med. ac. jp



[T T ®ic]

NT YUY NEERE T F N L LT
REIn7ehmE LN, ABELRET T 54810 E
L TCOMBEZRESDZENHH L, FESRLTW
Ho NIV UEF, T IO RDL T aNT Y
oL TEIIHBTEASIND D, HEHER~T
Vo Tr I @b 04 NIZ 8 E
DYATAryZ2hRb, 40 S-S & EZEKLELR
M R~ATEC I —THEEZRET S, ~T vV »
T, WHERTFELTHRANZER L, HEEICBIT 2
B EmHE L, T, MANR I BT 7 =Y N5
OO BB EIMH T HMEMNEZ S5 AKNSRHI
BT 5 A O E K F negative regulator & & 2 H AL T W
5o dEM RSy AW RO R B R S g8 B G E OB A e
EABIDBIEMA I REAFTZVA, ~EZ 2~ b
— Y AREBMERIEICFE S A M ( anemia of chronic
disease: ACD ) IZ BT D2 WBEBIERICESELE L TE

D, ABOMAEOERICHEN, HER TIITAD IR



BIENELINL TR W hboEBRICT 5 H -

RIpRILELE LTRSS T 2 WEEND S,

[N E&ERBOD FHEE]
AERWNIZTB W TEIL. DNA & OB R O
W, =T XNV X—FEEREOELEWIEEXIEIZE T
VWHDITTH TH D0, BEICHFAET D LW ITMEI
fEEE2 5 2 5720, AERNO SR B T B ICHE S
nNTWwWad 'y N7, ERNO oS E 1T
STWLHL D+ TN, TOKBELTEM T 270
. AERRNEBERBoOME, EIT, RIEWH S NITR
STEXLENDFHEEBZIOVWTOHMBAINLETH S,
ZZBE DO BIC S < o8k H B Sy A B
CRE S, o, EMl. MH. RO LKA
TOEBREIT, Fig. 1l O XS ICHEHMIND L IHITH-
TW2, Shix R3Sk TCRFRICEEND

AR
Y

v

EE/IBICB T D E B o G E P

fa B Bl 1F £E 3 A duodenal cytochrome b (Deytb) (2 £ - T



2l gk ICE ot I D 2, 21 & 7 o 72 8k 1X divalent
metal transporter 1 (DMT1) {2 X - TG M L N IC Bt v A F
n., TORBMEOmENBEMICHEET D
ferroportin (IREG1/MTP1) 2 &£ - T I & W 12 L H & 1
570, TOBRICIE., 28k E L THRE SN EIX
hephaestin & FFIX L 2 B v v 77 X I »
(ceruloplasmin : Cp) & FH R M 2 & D 75 F 1T L U 3 fii g
it sn s, mMEANEICAN- T 3Mekix., @%
15 F Dk~ A7 = U » (transferrin @ TF) (2 % L 2
FTOEENREAEL, PT AT o) UEESS (MG
B) o caFIcERINDS, —HoSITFMET
N7 VAT 2 U % EK D (transferrin receptor 1 :
TfR1) 3 X O 2 (transferrin receptor 2 : TfR2) % 4 L T X
DIAEN DN, < OBITE R ICEHB T DR M EKE M
WHRHS D P, 22 TIIERIEFEAENTRLICE -
TRFERNICHKITIMVAEND EB XN TW D,
PEAE SN R ERIT AT ZWBE T 28, &R MK

TN ZO~ 70 77— X0 INEE IR



5, THOLTHLNLEKIIMAR~YZ v 7 7 — Ui
Bl i & | @ ferroportin % 0 L C 2 fli#k & L Tk
No5MN., TOBRIZEDFRE>SBILERICX > T3
fli gk lc@ibsh, TFICH AL T, BOKANEZHEEL
FRHIND Z Ltk d ™, —FH . AFIEE8k % H
MEICRANIC T 2B ELH A TR, 20X
CHABENSEN, ARICBT 28O XS E
O THEY ., LHENZEEEZHEFEZL TV D,
ERIC B 2 BRI PR T D B N A E L A
WEWH i, AN TR S D B O E IS
REJICHALE CORINEMENRLS O HEICEWT
ThbhdZ ith2d, ZThboF#EIIx, B ToE

MmRESH TOSRKITRRBICEERZZT DI LD

-

<KMhbHmbh TCWien, gof M - BRI - FFH O
WAL HENICEH AL T WD 2D, ko @& 2 M 5 K
MRFOFEINEFBRAESINLTWVWE, i, RO
NAMEIFE T F FELTHEALAINTE~AT VD

N, ZTOEREGAEHEYAIALELLE L TH T WS D



EDRH B NERD  EERNEMAEH IO W T o RN

MEWICHE AL TE TW 5B,

[~F v P ro%R]
HRGBELZHRLY T INEXRTSTF N2 v — =
7AW X DB L Tz Park H X, B MRS H A AL
TF R HEBEL Y T (hepr) MR DO HE M E
(~cidin) TH o7/ Z &b, ~7 ¥ ¥ hepcidin &
4 U7z [A B8 ICKraus & & . If 5 o (R 4% 78 8 5y
MWHFHEONTF N a2 L. LEAP-1
(liver—expressed antimicrobial peptide) & 4 -3 1F T\ 7=

BN, THhHERMEHNICHEA -~ OEBE TH- 2",

[~ VPV BBEBFLEREE]

NT UV UVEBRESIEE PO, v AR T v
P, K bass R P OB THROLNL, AR T
ZTOWMBERINITEIS KFESIALTHDE Y, BEFDOANT

VYU UEA IR, B9 YK (19913) I/ E L 2.5



kbiZH72 bV, Figg 2 2"+ Lo, 32027 YV v
2o A4 vy hbuar b 0.4kb O mRNA -~ #g B
EnpN, Tua TP E8aT 2 BB DR
B {& T . endoplasmic reticulum~ ® ¥ 7 F )L { ¥ & 7 &
RILE Y A N—F —VIZ LB WEMNEHRLT
WL, EHERMANT T UTEICT I BN R

D, 8O AT A UEEELEFS, ZiX. NEMHE
MEXTFFOTF 72y s 773U — L@k
NHH ., 2O REENDL T F NI W EIRRE
27> T, MEOMBEKE L BKEST Z2FEHZFOLE
Wb, NMR TOMFFiIcE, ~Fryrohrid., M
ST o, 8D AT A b lrd 45D
S -SHEBIWLEL-L2T, 22007 —LNARNT BV
IR T AL MELEE o T WD B, JRFICTIEZ
D27 I BN ORDLDHDOOMIT, 207 I/ ER22
T/ BroRR2b0obmEHEIATWVWDLI N, b
EINRKmOB M AP ERZLDLD DT, 42508 - S

AR T B,



A~ Y mRNA O R EBLIX, H . KRB ML D
RECHLHWEBE TR DL, ZIEFEICIRE
LCTWwad o,

ENTEAT Y UCEBBRBFILIST AT —DL
MAFTE LR WVWR, v 7 2B WTIEY 7 A2 2o
DTV BIRTRAFET D, 2, BIEEXETO
BMitT., TOI2b ATV 1oHrNgENRBICTHE T

LZHEBEZAL TV EEXLNTWD P,

[~ P v DHEE ]

E O~ Y 0T, din vitro 2B W TIE .,
10-30 u MORETHEAEESLH ZEHIEME 2 o+
Wy RPO~NT U OREIITI-300MBRE &EFE X
BN TR, BMEICZEWTIEZOI0EREEOREIC
BROLOBDEINTWVWDLIN, THUHLDEHENLNT Y
VHRRHFTEBRICHEEEE T T EIEE 2T 0,
FlhgLmiEhicsB T2 ~7T P 0BEITEEFEL

S hohohoTEBBLT, ~F 2ol EIEMNED FERE



WWHERICBWTCTEEALRABEERH T AN E 9> »ITHE

L CTlx., Eimn TTW R,

[~ Vv e BHERBTOBEMEDFER]
VUILTEERH EEBARICEAINE~T VU
T d o 7228, Pigeon & | suppressive subtractive
hybridization ® {512 £ 0 . #kia F K g 0 ~ v X AT g
ZBWTAT Y VBB FORBEPFEIND Z &
Y CTHRM LM, Nicolas 5 &, upstream
stimulatory factor 2 (USF2) & iz + D / v 7 7 U b= U
2B NT, "T YV UVEBFORBIIRET S Z
S oTEHEBRBRBRERI LI Z &EE23 AL
e, O~ U A TILN N e B e 12 8k 25 0 R IR
LCWER, Mg s LAXRZLERETDH
D, E hOoBEE~T 72~ b —v R EHLLTW
o TNNHLDFEENL, ATV U THOHEILE T
DRIV E IO~ 7077 =06 0EDKMEZ M

TOERZzRDZIERHEHN L, ~T VI Xk



WHIE LR TWEgEME S LE L THDLHLEE XL
7 AV W S N Dl RO T el

COME TR, RS & FOME5 N EET
T TCWhEbFTIERroelz®, Ncolas b 1T & b
. WMo U2 Eis /vy 77U~ XEAERKL,
O TATE~NT YU BENIERE TH O,
BRMEFEIECRVWZ EE2 R L, USR2 8B D
bOOXRBEPEHMABREORKETITR NI Lz ik
L2V, &b, "~y riEmf+robhT AT
=y IR UATIE, MEOSBEXRZEAIM O DAET
BEfRIZECTLIZ b L., WA T 2 kEH»
5O Sk Wm kB LT . negative regulator & L T 4% fE
THZ EERLRET,

HAbE LRIk T 2 WL oMz L TiE,
B, ~T Y T E K crypt cell @ basolateral
A 40 R B 2% I B W T, TFRL 72 O /E A L T8k U
xR IELIEHEEINTL, £95T D5 L. £ Ocrypt

cell TITERWMINIC KL E R OFEINDET L,



mature enterocyte (2 47 b L 7= B2 8k WL UL 28 #0 & 4 5
EWOSETANRMHKRODN D ZEITRD, TDOET I
TIE, D22 ATO~NT UV U B &EICE > Terypt
cell |2 —JERESN W INBEES FREBEEIT, £
D F F % O crypt cell 2% mature enterocyte & 72 U fx #& A9
(2 villous top 72 & HBEMH & L T L £ 95 F T, £ L
MW b, Ll nb, £ D%, Frazer b
B, ZOETAMICEMABANIE IR EBE L

¥, Frazer I, FULOEN+ o EZENTHZ 5 R
bl 7 vy bE, BORKRANPLENXKRZ L EHICHK
A TEWHEBET DL, HAE LERMEIZIHE WY T, DL R
Deytb,  ferroportin & W o 7= I3 & b M T @ g HL Y
ABICEE T 50 F OB L 8 IT A FE R
WL T 2 2 2R LD, TN DOREIFE, ~7
VU UVHEBETLELIIEFIHELTEBYD, L2b,
TV UVORTEIADL OB ERRDOFKE LIS
TRHMICIZEAEERN o, B DOET LT

EZ2AHE . BRZICESTANT VY URBEDEKTL



T % . mature enterocyte (Z 3\ T &k Wt U¥ BE # 4y 1 % Bl
N EH 3 % F T2, crypt cell 2» 5 mature enterocyte
22 EFTORMEPNLERIZIT THLY ., Zh X
D, ~7 Y viderypt cell IZ TIlX 722 < | H B mature
enterocyte ICIEM T2 & &FE X 6D K 5127 o 7,
WM R~27 v 77— b O mEH B
L TIiX. Knutson 5 2%, ferroportin % i Fl 3 Bl & & 7=
J774 @ 12 8 W T, erythrophagocytosis 1% @ # @ fik
EIA~AT7 vk oEZEERICL - THH D Z

xR L TWAH Y

[ A7V U PBELEBERBFRFTZET 5K A]

NT U OEEERDN D HILE D ORI
Ev o m 7y =V b0 BEBOMBI TH D & 2
S5, WEOFEMMP AP THLIBMERIEICKIT 524 M
ACD °, ~EZ o~ b=V A~OHEELEEIRD

Koo,



(1) ~F ¥ ¥k AD

1B M RIEIWCHE S &M (ACD ) X RIEMESA
. ( anemia of inflammation ) & & M:{X AL 5, KL E
REETTORAREREE, BHEB®HIYV D~ F . &

M) F~b—T R, REHRXREO A LEMHE

wo T E

B, BBEERBES 2 8 — IR E O RIEMEERE
B, BXORER SO EMERE R E. RERERSFE
TOEEADLDNDIZEEMRAKBICE W TERD b
LZEMTH D, %< IT/DERMERAFRMER M S IE K
MEAZEMHEOLo N4 - 2Ly, AEZHEICEL
TIE., FFlc#kkZHEameE oM »EEERD,
WL #F LLBERIGEDDHY, MIKEEETH D
20

RIEMEBR @ O R AEMF & LT, JRiEkEmOHE
M, B MERELEREOKT., B X OSMRH#RT
(AR Ty 7)) DEZBHLTWEDN, BIE,
KODEERKRFLELEILODNLDLILICR>TWVD H D

N, BR#MEFETHL, BERIEOREIZEWT



X, HE< 2, tEBTOSERINE I LT 7 —
b O A IE S A, MmE SRR E NI T L
ZOROEMICFHHATEL2&ELBMA T 22 LT, &
KlcamAx &3 TchbArHs 2 LI RBEINL TV
W, Z9WVWIORERMEAET D008 KB T, fifH
MWEERNWEETHoT, L2L, TP PR HE
REan, ToAHMEAL, FSCEEMEANRZLL O
Bkl L HIAEESHRNREREST 22 L ThH D L HEH
END LT D L, AD OFFEBIT~T P v D3
BiLEICLY o cEsb0EEILND XD
Wy, —RBERZHOTL Z LI o T,

ACD & & 10 & 2 @ & YL R R E S K N IZ AFEAE
THLHZILEDNDLZORENBR SN DN, KL RIE
EANT VYU OB oW Tix, Shike b A3, M I
J& gt & & 72 white bass @ T g (Z B8 W T~ 7 ¥ nRNA
254500 fE I BN L 72 2 Lk 2 S L2, Nicolas &
T, v~ RIZEBWT, RIEAEEY'H T&H % turpentine

BE TH~7 Y mRNA B 889k L . M 3F 8k 2%



Yy Ll aWmELEN, USFE2/~NT vV U RBES Y
AN B W T, turpentine &% 512 & - T & i 3§ & W
MELZVWED, 2ThiE~7 Y rofERICE DD
D EEBE LR,

XHIZ, B RIZBWTYH ., Weinstein H 1L, E
RITMEG: & HIE O SR SHEA M 2 F > & F 2B W

T, WEEFOKREIZCIVELAKFELLEZ &, F

|

o, AFICEN OFER CTO~7 ¥ nRNA 3 B
MR L TWEZ &b, ~7T Y2 ACD O
mediator T & 5 AlREME Z W & L 72 ® . Nemeth & (X
ACD O HRFEDORFP~T ¥ M 100 126 8EMT 5
e L, £ BRKRARMERIEZR EICKD2EM
R T 2 M k2R O BEFITE W TSR P A
TN 100 fERECHENTSZELRL, &5

WiZ. 29 L7 22y o iniEekiE g5 E R

N

BICEWTLEATLIMFE 7= Fre X< HET S
&t Emas LI,

TOLTRBEELELE~NT YU ERRNEZTE



BL, HIEE TCOBERINBIOMEANZT~Y 7 27 7 —
Voo KEEmH L. m R ES OB %
L., BEmiCHMABAIR 8RBT D LTk
L, REBNICAELZ RTZT 2 LI RDEE XD
o, BIETIE., AD OREXEARMZFHEIX., 25 LK
NT UV UVORBILEIZLDS DD EE LMD XD

W72 o T W A,

(2) ~FvyvrveEn~nErsun~ b—v 2R

PRACH AR N BERE L CTALC DL L
T, &P AEAERRNICBRICERET L5 XL 210720 A
W ELsrLEbT ~EIZ7Rr~ h— R
hemochromatosis 728 & % * , ~F 7 v ¥ k — ¥ X (2%
e RN H O SRHMEEE RSO R ICER
THRREMHEOLO L, WM CEBAFRLENL AT
LM (M) ob oz KBIlEnNE N, DR
T hH . FREMESGEBRIEOCIZTEALEZ 5D % EEMHE

~F 7 o~ b — 3 A (hereditary hemochromatosis: HH) |Z



BWT, " vV UDNERIZEGLTWD EE DL
o Xk T &I,

FT., Bt~ b= 2T, Z2ORK
ER DI FIC K o T, BAE Tl Table 1 ® K 5 I 5
HahTwb, Bt~ 70~ h—3v 20D 8%
2B W TIL, HE B FIlTC282YEE N R S T
WDMNE L HE Bl FREEZRBO RV — O E N
NEI7 BTNV RAEREEINDS —BELNGFET DT,
ZOoHIZ, ATV OB FRFICER T S EE
ZONDIEFNPNGFLET D, ~NT TP B RTFITT VU
— LAV EREIVEFE T ANT R EE IR
HHEFRR. ARy T a Ry BRNATIERS DD
D, BIEWLNT Y UoREETLIEZ XD, F
. SSHAEERTDZ2VATAOERER T
LbObLHY P, NT U UDOEMRICIT D REE O
EMENEETCHL I ENFIBILTWD, 5 ] 3
FARERICERLZF2EMBHRE AT ND P,

NV UELBTFERICEENRED DL WY



ATH,. " vV riEa~aETs e~ b= ADHER
RICED-o TS 2 ZEE2H6NTWVDL, ~EZ B
Y hF =V RATIE, BB AERNICHERRREBIZH DT
D, BANT VT EmMEER STV D B 0L BB
ShTwkEn, Bt~ 70~ b= 20RENKE
I+ LTCRIESINT HE B+ v 277U
DATIE., B EETD2DODO~NT P e L
ARMEAE D22 AWM EINY . S5 ICEEEIC HE
B FLEERERLZFO~E 7~ b=V Z2BHFITEBNT
LEBEIIK LT AT Y UORANKTFTL TWD
T EIALLT, BEBBERBIIHT LI T Y
VEBFEWBOA D =X LNICEHTIEMTELER
T, 5% WFE ¢ ~7 vV U EHOBEICSoEHL
MIZT HDREND DL EEbR 5,

Toa— L PEFEEICB W TS ISk R R
E2ABOONDLZ LT, HE< oMb TR,
ZFOFELWHEITZIDLDN > TWAMhoio, iIITR

D, 7Nha— il XloT~T Iy oo EDKT



L, TRl &8 & 7o T, MERMICAENRZ S E F
CEI LRI EDVDERIND KO WCR o,
Bridle 5%, 7 a— L& FHICCIR2EMET SNz
TZy hbZBWT, HIBTO~NT vV UMK T T
HZ xR L THEDH P Harrioson-Findik 5 1L, = #
) — LV E B2z 22BWWTANT YUY URB DK
TT22&EZ "L TWVWD Y, FTaredb, EE AL LR
TLET A= VHEITEFOEMICE T, AEI
Mg 7>e ~7F vV UVRENBENW EE2HEL TWD
® (Fig. 3) , o, =%/ —LVEAPHTEE I
e~ ATE, aryiae— Lk LTHFTONT
VY UVAImMNMAEBEPNABICERWI &L EEN

RI-PCR IEIWC THER L TWVWD, S HIZ, 7o~ T vy
i T oa R ERwWERELRALITY, TS
YU A MEoMBEICEE L TWD D,

TN Z ) = LVAMTEALT LI EERLTWVD
(Fig. 4) »*», Z o XHilc, 7ra— g, ~7F v

VAN LTHEBREGISEIT I EN TR IND



Folln, ABRERSNLLIAHTH D,

[~TF P BB RS HE]

P& Ic B 2 ~7 vV v BEFAGEEICEL T
. REH LA CEHEVWITFRAVLWREFTZ WL, =
AT, SRAMIZTE o TAT ¥ U AN | S
N2 EEAREINTWD N, 3MEkkmf b7
A7z rvEFMRBICEZEZREL TCLANT VUV
mMRNA OFEFTE LT, LV EREEOCEITL L AN
flazxh-3+-, BETEHEEOHK Y OB 5 I13F
EREFEXDLDNATWD ?, BB, 72U Frid%
K OSEEE Y 7 O GE % P H I D 2D mRNA O # S
T LAY RE, AT TV UaRNAIZIERED B RN,
I, BAENFMBAEZEM ST 50 TIER
<, MARMLENBEE LB 8N E SN
TWLD ZERBEINT WV D,

N7V mRNA OB IT, T E TR X

I, BAMIEAY TS, REEE THLHEMBET D



ZEDPHLNITESNTW S, Nemeth & %, isolated
primary human hepatocytes |Z B\ T, ~~ 7 2 ¥ » mRNA

2. lipopolysaccharide (LPS) <>, LPS (Z il ¥ = 41 7=

monocyte 7 b Mt H & #U 72 monokine 12 X o T R < ¥ &
SNnNLHZEtAaExRLY, B TH, IL6BHRI TV
VUMM EzFETLI LA HRELTWD, £, FE
Bl e PlcBW T, IL6 # 512 X Y hepcidin % H
NFEINRL2ZExzHELTWVWD ®,

F DOk, Lee DX, IL6 717 Tk, RALKL
RIEMEY A4 NI A DO & DT H D interleukin-1 B
(IL-18 ) b, UV ADOMBICEBWWT~T
mRNA O BB Z LS 52 L2 LEEY,

s ld . v MM KRR OHH-TZ W T, IL-1
BWANT RN ERFEEHEZTRL. ZOEHMH
T LAIL6 LD b EWVWIERE, TEMN
RT-PCR L2 L2t L v B Twvwd® (Fig. bA) . &
. TORBEFEEMIL. IL-1 B IR E 2 0.2 ng/ml &

WO RRE THS, TR EORETIIL L AL



LN RENTE, — T, IL61X. 2ng/ml Ll Lk
DEEICEB W T~ Y mRNA 3 835 B /EH N HH
LT 5P TH o7 (Fig. 5B) . ACD 1T KI5 ¥
A M AVREEICEHL K BERD DN, —
Bladb o e, BHEMEEY v~ FEEOIMF IL-1 B
T X 98.2 £7.9 pg/ml® . Il {E IL-6 ¥ X 37.5 = 12.5
pg/ml L DHRENDH D LI, RIEEZIEIEBRITH
WTHBMLTIRBECTCH D, HFHEMFPICH T D IEMH#
Ry A M AREIZFMPHAL LTI RV E O

O, ZHOLicmiEFROY AL NI A UREEZZ XD

EL.IL6 XV B IL-1 BOHTNAEAHENICHEETH 5 A
EEZEZ "B IL5b0EEZL WD, 2T, JFMi
X IL-1 Bl K IL6 % Wwd b7 IL-1 B
KD~ Y nRNA BB FHEEEMNS . MRS
O IL-6 WMz NLE-MBERNRIERT® 5 A HEMHE
AL 22 uIl-1 B HLiR & Pl IL-6 ik 2 v 72 i
AL, IL-1 BT XD ~7 ¥ nRNA % Bl & F

Aix., IL6 &2 LaM#ENZRL o Tide< ., BlI&RE



AN T D20 THDL I ENTIBEINTWD ® ( Fig
6) . ThHHLDOH A NIV EFTD, ~T T U5
RBICEESET IR FICHOVWTIE, %0575 A
DTN 5,

Fh, MEANY 7T AIEEYESmaddn, ~7 v
VURBEEMIEL FMICEREL TWD I ERH
HEahie®, SHi, AEFEE~EI7 B Y h =Y RAD
JFU K & = 1 PE®) T & 5 hemojuvelin %%, bone
morphogenetic protein (BMP) co-receptor T & 2 Z & 3 | B
L . BWP signaling® /1 L T~ v ¥V U BB 2 NS &
HZEN, REWMEINE S, T iE, BRH
EMENY SV EEOMEEY REB T HE O T, FE
HICEBINLTWDS ¥

NTUYUUEBETFO ST E— X —HK DR T
!X . CCAAT/enhancer binding protein o (C/EBPa) & hepatocyte
nuclear factor 4o (HNF4a) O FfE A WA BN FET D 2 &
PZCHIBl L T w5, C/EBPa B8 L O'HNFdald . & H 6 & JIF

g2 < BB L TWHEERF TH Y o AT I R 2



iR B T 28 EFHOHAGTICES L TW5,
Courselaud H (X, VR —% — 7 v & A2 X Y. C/BEPu
MNT VB ORE 2 JLUE S INFlald 1 12
mEEMH T & R LE®, £, CEBPa @ /
Yy 7T U RNIUATEH, ~T VP UORBKT &F
FEOHEBMELABOOLND DI L, INFladD / v 7
TR~ TATE, ~T VY ProRAILENAZ DN
2B WMEL TV D,

F.RETIE., 73— T, C/EBPa @
DNA-binding activity N K F L, ~7 ¥ ¥ U BB N KT
TR ERRENEY, ZTOFEHIZ, BEX¥ I VER
N-acetylcystein & W o = Hi bW E I X - THHl = 1
L2 T a—LR#IZEo TELDS®BRIL A
ML AN, CEBPa Z /0 L T A~NT VY VBB TOEKE

MDD EBE SN D,

[~T7 v v osm+4EW5%egEH K]

NT Yo EMFEEMKEMEICE LT



(X . % i Nemeth © 728, VHAL®E LR XM A R M IS 3
HLMBANSESA T oM~ A H LA T E
L CTHEHE 9 % ferroportin 28, ~7 v U v LA L.
ferroportin @ = ¥ N % A ~ — I R L 53 fif T S

AU, M B R 2 B 1) A ferroportin BB NIK T T B 7=

Do, RTINS MRS SO B D < B LR
mEINDLHZEERLEY,

S b IZ, Nemeth b T, Bk A4 RZERZEANL A~
TV rEAaER L, TOEREEMR AL LT, AT
VUV UVDONRENPMLADODLDOD THDLH I LEEHWELT
WBHH® O FE, B PICBWLWTHE IR TW S GTID R
K83SR &£ # 2 #E A L7=~7 ¥ Y iX, invitro TITIF
PR TR N R > 72D, invivo TIEEIEMHIEKT
RO TEBY., EIKAN TO stability O & F 73 B T

b o AEMEETIELTW D,

[~ 2ol E R

NT VORI EE XD L KR TE MR



DT VPN EVNRBIZRD ZENEE L WA,
BEBECTCIETELEMYLLEMERII RV, 27,

Kulaksiz H A EHF L2 L o2, mMEFH To607T X/
bbb T~ DR EIZATREICR > TW
H0 0 NT O EMBERER NN L, IR E
INK ISR SN D Lol sd e, @AICEHET 2EM
FEFICEWTHEEREREZOLL T Z & BT

D

[~ P VvoBRREB~DEZ]
NT U UDOEIR~DOIEHICOWTE X D L.

NT UV UVERTREICHTDEEMRNTTF KO MK E

a‘u

FTEEFHREICELD, ~E7 B~ =T ZARBRED
AN b D LEEXDLND, FRII~E 71~ kb —
VA ETNYTATHDL HE )y I T U RN TR
BT LI~AT U URBEERTIIHEL, ATV
N T VAV =2 T A ENTADLDE DS EA~NES

2~ =Y ZADOERBTEHEBST DL, I HIT, ~NT T



VUVDEZREKEREN S BRI ZEO FIRDO YT F L
BESFVRBHIANLIE., ~7 v ¥ 0K B R
OFEEL AL, FIZHAEKBKOHITHB W THKEI
#re S p ) 2R F UEBIMEO ACD DR ERKIC

mbH L MEEIRN S,



References

1. Aisen P, Enns C, Wessling—Resnick M. Chemistry and biology of
eukaryotic metabolism. Int J Biochem Cell Biol.2001; 33:
940-959.

2. McKie AT, Barrow D, Latunde—Dada GO, et al. An iron—regulated
ferric reductase associated with the absorption of dietary
iron. Science. 2001; 291: 1755-1759.

3. Donovan A, Brownlie A, Zhou Y, et al. Positional cloning of
zebrafish ferroportinl identifies a conserved vertebrate iron
exporter. Nature. 2000; 403: 776-781.

4. Vulpe CD, Kuo YM, Murphy TL, et al. Hephaestin, a ceruloplasmin
homologue implicated in intestinal iron transporter, 1is
defective in the sla mouse. Nat Genet. 1999; 21: 195-199.

5. Aisen P. Transferrin receptor 1. Int J Biochem Cell Biol. 2004;
36: 2137-2143.

6. Kawabata H, Yang R, Hirama T, et al. Molecular cloning of
transferrin receptor 2. A new member of the transferring
receptor—like family. J Biol Chem. 1999; 274: 20826-20832.

7. Osaki S, Johnson DA, Frieden E. The mobilization of iron from
the perfused mammalian liver by a serum copper enzyme,
ferroxidase I. J Biol Chem. 1971; 246: 3018-3023.

8. Yoshida K, Furihata K, Takeda S, et al. A mutation in the
ceruloplasmin gene is associated with systemic hemosiderosis
in humans. Nat Genet. 1995; 9: 267-272.

9. Harris ZL, Takahashi Y, Miyajima H, Serizawa M, MacGillivray
RT, Gitlin JD. Aceruloplasminemia: molecular
characterization of this disorder of iron metabolism. Proc
Natl Acad Sci USA. 1995; 92: 2539-2543.

10. Park CH, Valore EV, Waring AJ, Ganz T. Hepcidin, a urinary
antimicrobial peptide synthesized in the liver. J Biol Chem.
2001; 276: 7806-7810.

11. Krause A, Neitz S, Miagert H-J, et al. LEAP-1, a novel highly
disulfide-bonded human peptide, exhibits antimicrobial
activity. FEBS Lett. 2000; 480: 147-150.

12. Hunter HN, Fulton DB, Ganz T, Vogel HJ. The solution



structure of human hepcidin, a peptide hormone with
antimicrobial activity that is involved in iron uptake and
hereditary hemochromatosis. J Biol Chem. 2002; 277:
37597-37603.

13. Lou D-Q, Nicolas G, Lesbordes J-C, et al. Functional
differences between hepcidin 1 and 2 in transgenic mice. Blood.
2004; 103: 2816-2821.

14. Pigeon C, Ilyin G, Courselaud B, et al. A new mouse
liver—specific gene, encoding a protein homologous to human
antimicrobial peptide hepcidin, is overexpressed during iron
overload. J Biol Chem. 2001; 276: 7811-7819.

15. Nicolas G, Bennoun M, Devaux I, et al. Lack of hepcidin
gene expression and severe tissue iron overload in upstream
stimulatory factor 2 (USF2) knockout mice. Proc Natl Acad Sci
USA. 2001; 98: 8780-8785.

16. Fleming RE, Sly WS. Hepcidin: a putative iron—regulatory
hormone relevant to hereditary hemochromatosis and the anemia
of chronic disease [editorial]. Proc Natl Acad Sci USA. 2001;
98: 8160-8162.

17. Nicolas G, Bennoun M, Porteu A, et al. Severe iron
deficiency anemia 1in transgenic mice expressing liver
hepcidin. Proc Natl Acad Sci USA. 2002; 99: 4596-4601.

18. Frazer DM, Wilkins SJ, Becker EM, et al. Hepcidin
expression inversely correlates with the expression of
duodenal iron transporters and iron absorption in rats.
Gastroenterology. 2002; 123: 835-844.

19. Knutson MD, Oukka M, Koss LM, Aydemir F, Wessling—Resnick
M. Iron release from macrophages after erythrophagocytosis is
up—regulated by  ferroportin 1 overexpression and
down—regulated by hepcidin. Proc Natl Acad Sci USA. 2005; 102:
1324-1328.

20. Means R : Anemias secondary to chronic disease and systemic
disorders. In: Greer JP, Foerster J, Lukens JN, Rodgers GM,
Paraskevas F, Glader B, eds. Wintrobe’ s Clinical Hematology
11" edition. Philadelphia, PA: Lippincott Williams & Wilkins;
2004: 1445-1465.



21. Shike H, Lauth X, Westerman ME, et al. Bass hepcidin is
a novel antimicrobial peptide induced by bacterial challenge.
Eur J Biochem. 2002; 269: 2232-2237.

22. Nicolas G, Chauvet C, Viatte L, et al. The gene encoding
the iron regulatory peptide hepcidin is regulated by anemia,
hypoxia, and inflammation. J Clin Invest. 2002; 110:
1037-1044.

23. Weinstein DA, Roy CN, Fleming MD, Loda MF, Wolfdorf JI,
Andrews NC. Inappropriate expression of hepcidin 1is
associated with iron refractory anemia: implications for the
anemia of chronic disease. Blood. 2002; 100: 3776-3781.

24. Nemeth E, Valore EV, Territo M, Schiller G, Lichtenstein
A, Ganz T. Hepcidin, a putative mediator of anemia of
inflammation, is a type II acute—phase protein. Blood. 2003;
101: 2461-2463.

25. Pietrangelo A. Hemochromatosis. Gut. 2003; 52: 23-30.

20. Feder JN, Gnirke A, Thomas W, et al. A novel MHC class
I-like gene 1is mutated 1in patients with hereditary
haemochromatosis. Nat Genet. 1996; 13: 399-408.

27. Cox TM, Halsall DJ. Hemochromatosis—neonatal and young
subjects. Blood Cells Mol Dis. 2002; 29: 411-417.

28. Roetto A, Papanikolaou G, Politou M, et al. Mutant
antimicrobial peptide hepcidin is associated with severe
juvenile hemochromatosis. Nat Genet. 2003; 33: 21-22.

29. Delatycki MB, Allen KJ, Gow P, et al. A homozygous HAMP
mutation in a multiply consanguineous family with
pseudo—dominant juvenile hemochromatosis. Clin Genet. 2004;
65: 378-383.

30. Matthes T, Aguilar-Martinez P, Pizzi—-Bosman L, et al.
Severe hemochromatosis in a Portuguese family associated with
a new mutation in the 5° —UTR of the HAMP gene. Blood. 2004;
104: 2181-2183.

31. Ahmad KA, Ahmann JR, Migas MC, et al. Decreased liver
hepcidin expression in the Hfe knockout mouse. Blood Cells Mol
Dis. 2002; 29: 361-366.

32. Bridle KR, Frazer DM, Wilkins SJ, et al. Disrupted hepcidin



regulation in HFE-associated haemochromatosis and the liver
as a regulator of body iron homoeostasis. Lancet. 2003; 361:
669-673.

33. Bridle KR, Cheung TK, Murphy T, et al. Hepcidin is
down—regulated in alcoholic liver injury: implications for
the pathogenesis of alcoholic liver disease. Alcohol Clin Exp
Res. 2006; 30: 106-112.

34. Harrison—-Findik DD, Schafer D, Klein E, et al. Alcohol
metabolism—mediated oxidative stress down—regulates hepcidin
transcription and leads to increased duodenal iron
transporter expression. (in press).

35. Ohtake T, Saito H, Hosoki Y, et al. Hepcidin is
down-regulated in alcohol-loading. Hepatol Res (in press).

36. Nemeth E, Rivera S, Gabayan V, et al. IL-6 mediates
hypoferremia of inflammation by inducing the synthesis of the
iron regulatory hormone hepcidin. J Clin Invest. 2004; 113:
1271-1276.

37. Lee P, Peng H, Gelbart T, Wang L, Beutler E. Regulation
of hepcidin transcription by interleukin—1 and interleukin—6.
Proc Natl Acad Sci USA. 2005; 102: 1906-1910.

38. Inamura J, lkuta K, Jimbo J, et al. Upregulation of
hepcidin by interleukin—1 3 in human hepatoma cell lines.
Hepatol Res. 2005; 33: 198-205.

39. Eastgate JA, Symons JA, Wood NC, Grinlinton FM, di Giovine
FS, Duff GW. Correlation of plasma interleukin 1 levels with
disease activity in rheumatoid arthritis. Lancet. 1988; 332:
706-709.

40. Wellby ML, Kennedy JA, Pile K, True BS, Barreau P. Serum
interleukin—6 and thyroid hormones in rheumatoid arthritis.
Metabolism. 2001; 50: 463-467.

41. Kohda H, Ono M, Torimoto Y, et al. Induction of interleukin
6 production by interleukin 1 and tumor necrosis factor in
human hepatoma cells. Gastroenterol Jpn. 1992; 27: 685.

42. Wang RH, Li C, Xu X, et al. A role of SMAD4 in iron
metabolism through the positive regulation of hepcidin
expression. Cell Metab. 2005; 2: 399-409.



43. Babitt JL, Huang FW, Wrighting DM, et al. Bone
morphogenetic protein sighaling by hemojuvelin regulates
hepcidin expression. Nat Genet. 2006; 38: 531-539.

44. Truksa J, Peng H, Lee P, Beutler E. Bone morphogenetic
proteins 2, 4, and 9 stimulate murine hepcidin 1 expression
independently of Hfe, transferrin receptor 2 (Tfr2), and IL-6.
Proc Natl Acad Sci USA. (in press).

45. Anderson GJ, Frazer DM. Iron metabolism meets signal
transduction. Nat Genet. 2006; 38: 503-504.

46. Courselaud B, Pigeon C, Inoue Y, et al. C/EBPa regulates
hepatic transcription of hepcidin, an antimicrobial peptide
and regulator of iron metabolism. J Biol Chem. 2002; 277:
41163-41170.

47. Nemeth E, Tuttle MS, Powelson J, et al. Hepcidin regulates
cellular iron efflux by binding to ferroportin and inducing
its internalization. Science. 2004; 306: 2090-2093.

48. Nemeth E, Preza GC, Jung CL, Kaplan J, Waring AJ, Ganz T.
The N-terminus of hepcidin is essential for its interaction
with ferroportin: structure—function study. Blood. 2006; 107:
328-333.

49, Kulaksiz H, Gehrke SG, Janetzko A, et al. Pro—hepcidin:
expression and cell specific localisation in the liver and its
regulation in hereditary haemochromatosis, chronic renal
insufficiency, and renal anaemia. Gut. 2004; 53: 735-743.

50. Nicolas G, Viatte L, Lou DQ, et al. Constitutive hepcidin
expression prevents iron overload in a mouse model of
hemochromatosis. Nat Genet. 2003; 34: 97-101.



\ .
\ Fe3* is reduced to Fe?*
\

Proximal Deytb @-PMT!
small enterocyte
Intestine iy
hephaestin " B ferroportin
/
/' Release of Fe2* from enterocyte
/ . . e
Two molecules of Fe®* K Fe?* is oxidized to Fe3*
are bound to Tf >
. Fe¥* Fe3*
LIVGI’ Sequestration — QO
Tf Utilization for erythropoiesis

Iron sequestration

Hepatocyte

Bone marrow

Re—-utilization

\ |

ceruloplasmin ferroportin

Erythrocytes

— &

v

Lost by exfoliation of

- enterocytes Senescent

Macrophage erythrocyte



exon 2 exon 3

‘ transcription

0.4 kb
mRNA
‘ translation
signal sequence 24 aa 35 aa 25 aa
| | I I .
protein
N BZZZ C

signal sequence cleavage site ‘ cleavage

25 aa

hepcidin (mature form)




Serum concentration

of prohepcidin

(ng/ml)

3000

2000

1000

500

0

p < 0.001

B

Healthy subjects

Alcoholic liver disease



Control mouse Alcohol-loaded mouse



ng/ml

*

*

|
* OO

S\
S\
S\

10

DMUMD

0.5

-DI™[I™I™MX

0.2

3

AN\
NN ©

0.1

(g}

<

™ N — o

uolssaJddxa yYNYW ulpioday aAile|ay

<

Concentration of IL-13

ng/ml

10

B OO
- «
r
DA\
AR

05
Concentration of IL-6

0.2

0.1

™

N

—_ o

uolssaldxa yYNYW uipioday aAlle|ay

m



= F

EA\\

44444

uolssaddxe YNYW ulploday aane|ey



Table 1. Classification of hereditary hemochromatosis

Implicated gene (its

Gene product

Patterns of

location) inheritance
Type 1 HFE (6p21.3) HFE AR*
Subtype A HJV (1921) hemojuvelin AR*
Type 2
Subtype B HAMP (19913) hepcidin AR*
Type 3 TfR2 (7922) Transferrin receptor 2 AR*
Type 4 SLC40A1 (2932) Ferroportin AD**

* AR: autosomal recessive, ** AD : autosomal dominant




Figure 1: Schematic diagram depicting body iron metabolism. Tf: transferrin,
TfR1: transferrin receptor 1, TfR2: transferrin receptor 2, SB2M: B

2-microglobulin.

Figure 2: Hepcidin gene and peptide. Hepcidin gene, 2.5 kb in length, 1is
on chromosome 19, and consists of three exons and two introns. The mRNA
is 0.4 kb in length and translated into prohepcidin (84 aa peptide). Mature

form of hepcidn is 25 aa peptide. aa: amino acids.

Figure 3: Serum concentration of prohepcidin in normal subjects and
alcoholic liver disease. Compared to normal subjects, prohepcidin
concentration is significantly decreased in patients with alcoholic liver
disease (p < 0.001). (ref. 35)

Figure 4: Immunohistochemical analysis for prohepcidin. Compared with
control mouse liver, hepcidin expression is decreased in alcohol-loaded

mouse. (ref. 35)

Figure 5: Induction of hepcidin mRNA expression by (A)IL-18and (B)IL-6
in human hepatoma cell line, HuH-7 cells. The maximal induction of hepcidin
mRNA was observed when cells were cultured with 0.2 ng/ml IL-18. In
contrast, the significant upregulation of hepcidin mRNA by IL-6 appeared
when cells were cultured with IL-6 at the concentrations more than 2 ng/ml.
(ref. 38)

Figure 6: Inhibition of the effect of IL-183 on hepcidin mRNA expression
by antibodies against IL-13 and IL-6 (A). The upregulation of hepcidin mRNA
by IL-13 was almost completely inhibited by anti IL-183 antibody (Ab),
indicating that the effect of IL-13 on hepcidin mRNA level is independent
of IL-6. An inhibitory effect of anti—IL-6 antibody was also confirmed (B).
(ref. 38)
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