J Korean Soc Food Sci Nutr
37(6), 721 ~728(2008)

Caco2 &M=l J774 THA M 20| Hepcidn S E&

Divalent Metal Transporter 12|

N RNES
Z3|tfstm MED

t

54 F I P85

DOI 10.3746/jkfn.2008.37.6.721

HE A

o] & +=&A| FerroportinZ}
FHMAL 2slof O|X|= H&k

+

o
- YXE
sichst AlZoisstnt

Effects of Hepcidin Hormone on the Gene Expression of Ferroportin
and Divalent Metal Transporter 1 in Caco-2 Cells and J774 Cells
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Dept. of Food & Nutrition, Kyung Hee University, Seoul 130-710, Korea

Abstract

Hepcidin is a peptide hormone produced by the liver, of which secretion is closely related to iron status
in the body. However, little is known about the molecular mechanism(s) by which this peptide regulates body
iron homeostasis. The purpose of this study was to determine the effects of hepcidin treatment within the
physiological concentration range on the expressions of two different iron transporter proteins-ferroportin
(FPN) and divalent metal transporter 1 (DMT1). Differentiated Caco-2 intestinal cells and macrophage J774
cells were treated with either synthetic hepcidin or hepcidin-rich fraction separated from human urine at the
concentration of 10 nM and 100 nM for 24 hours. Results show that hepcidin treatment in differentiated Caco-2
cells or in J774 cells did not change the level of either FPN mRNA or DMT1 mRNA. On the other hand, hepcidin
treatment at the dose of 100 nM significantly decreased the FPN protein levels and DMT1 protein levels in
differentiated Caco-2 cells. Similarly, urinary hepcidin treatment (10 nM & 100 nM) also significantly decreased
the levels of FPN and DMT1 proteins in J774 macrophage cells. These results showed that hepcidin might
play an important role in the regulation of iron homeostasis by lowering the protein levels of iron transporter
FPN and DMT1 both in enterocytes and in macrophage cells.
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o] AE F471 &3 X3t
of MHZHo g A2HEFA ¥ E(microcytic anemia)S Y
ATh(7). 38, FPN-S 20009l 873 A iron exporter Tl 2
= Tregl(iron regulated protein 1) -2 MTPI1(metal trans-
port protein 1)o]2t1 % EATHE-10). o] T &AL 474
X 9] basolateral membranel] ¢ X|3te] 27 WAl &5
sk 2o]2HE Y HES AY Ao = o]FA I BF
Aoz a7HY, 3 AU HE o]lFolA FHo = I

299} A% 2FAEE
Z o
Ao

m&

e BES AR 5= UlA A EZe plasma membrane®] |
xgte] HE WEe #ogth FPN 3o EAHolE
ka1 e AbEOAIA AN A ] A el ko] H
ol A5 AF-2(11-14) FPNo| Hio] Hxejz ol

Zoll T &S BRAET) o d8 A5 a9
& & wl, DMT13} FPN ©ge] 3o we} Ay &
ARZE 91ZEsHAl Wste Ao m AZE AR o] &
WMAE9 FE& 2 OdF 8dSol g A= o}
2 " &gk Holrh

Hepcidin& 7Fe] hepatocyteol] 2js] A A - 1=+ e}
ol TEEoF 8/l oWt o R o]F ol propep-
tide 2 WE1FHI7} processing IS AX 2571 ¢
ofv|:=Ato 2 FE FEHE Ao BHlHI AWME F
g A= o] FEo]l=o] ofH=it HiES TR
cysteine 715 & /0y 28313 o] th9] disulfide
bondE A= EAL 21 AvH(15,16). Hepeidin®t &
Abebe] AHAFLE 22 APFTEATE Tl HsIA7] Al
Zgl =], hepcidin ©& o] Zo = knock out vl A=
7+ 22 Foll o] B FHEHNSH, o]¢} WHE hep-
ciding #% THAAZ] transgenic mice] 7 AW A XA
o] uj ¢ i Ak AR AgA g SHAE e
(17,18). =3}, carbonyl iron FAMEZ A E-S {3} overload)
A2 wh-2=0| A hepcidin A4 Fol F71E& ¥rA019), &
A9 2olE FF3UES wWolv 719 hepcidin mRNA
o] FAdA #A3ATH20). o]E & uj, hepcidine
B 33 A FREA BAste AL AA
AATE FAH o2 B} FFEAA Y L)AL B}

Bt olol] B AT FRY FFo FFF 4L 799
1= FPN3} DMT19] 24} @& o hepcidin & 2&0] ]
Ae e AR FYPEHPAT FAHSE, Ay R
Aty Fo Z-E 713 AFAE(Caco-2)9F A A E
J774)el A Ay s ¥ hepciding X3S o,
FPN¥ DMT19 mRNA<} ot d s==9o] H3ls 4319
t} &3l 3ty o 72 A E hepcidin peptide®] 739 A
o] &3} peptide?} Bl disulfide bonde] A oF
o] AU peptide Fel ot thE 4 YL 2 &4 o
B3R o2 2 34 hepcidin® &% hepciding]
E vl
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Aol AFE-3SF Caco-2 AXS} J774 AEX=
Type Culture Collection(ATCC)o| X F+4 &t A&t
Caco-2 AMES} J774 MEel wjkade Z+zt Dulbecco’s
modified eagle’s medium(DMEM)(Gibco, USA)3} mini-
mum essential medium(a-MEM)(Gibco, USA)S AF&-3}5
3 F AE 25 10% fetal bovine serum(FBS), 1% pen-
icillin-streptomycing ®j el o] ESFAZ T vl & 5%
CO29} 95% humidity ZZA LS. 2 37°Col A AA]sH o™, 80
~90%9] confluencydl =23t A vl kst Hot.

Hepcidin #18] 238< YsiA+= Caco-2 AE A, &
F AoAEel 548 e FEUE EIAA AMESAT
(21). =, polycarbonate membrane(Falcon, USA)S XZ 33}
= O]%—:ﬂ‘z vl kol 16.3x10" cells/cm’e] density =
% confluent 3+ AFE] ol A 23L 7+ v &3}e] po-
larization® microvilli Al o] o] FAAE=E s}t =3
o]E k7 o2 EVOM™ epithelial voltohmmeter(Millipore
corp, USA)E o] &3lo] ME @59 W7 |AE g AT
© Z A tight-junction®] AL A} J774 AXE
A@st7] = 2442 Ao 6—well plateZ &7 Hj s
50~60% confluency®l] =23}99-S W hepcidin A8 &
Alst .

A A Zde gt oz st Fel Aol s
H ¥ T F 7 FF9Y hepcidine] AHE-E AT 43
hepcidine Peptides InternationalA}(Japan) 258 T3}t
o] 0.016% HCl &Yl &A1A AHE-3 2™, &% hepei-
din ofzfjoll AW E WP = 7AFE Hle] AHOZHEH
B3] o] &3ttt 4 hepciding A% hepcidind® =
At opr| gt 2T IS ZEF TwEojH o, 89
cycteineZ %8 A F+= disulfide bond®] 84 &4to] &
H hepcidin® 95 4= U] peptide Aol 2e]7t A& A
o2 o AtHr

American

seeding 3F &

Z hepcidin-rich fraction 22| ! hepcidin X 2¢
=2 @ 7“34 o] T3t AR} HRJALZHE 244
E3tAath AE A= 5E 4
A ZE FEE veflle 4% AB B4 W
9ol &3tgtHHematocrit 42%, A EZFEH % 136
g/dL, 83 ferritin 3% 37.6 ng/mL). ©*, CM Macro-
prep cation exchange matrix(Bio-Rad, USA) 3 mLE hep-
cidin®] SA™AET & pH 6.29] 25 mM NH-acetate=
HYSAZ H, FHE 4AT 28S F 4] 11 F 68 mL
E F3t F2ol A 4A 2 B3t olFHYIE F EE0 1
FEZAAZ ) o] & washing buffer 25 mM NHj-acetate 2}

1 mM NHj-acetate2 2+7} 13] A3+ & 5% acetic acidES



Hepcidine] AMEW HE #&A 2 vxe 9% 723

n
Lo

3mL F7tete] &8 ths 54 Axstd &&=
WAIZ]L 3 0.01% acetic acidE FH7Vsle] A&dlste AHS
A A hepcidin-rich fractiong € TH22).

23} hepcidin-rich fraction £9] hepcidin %<& & %3]
7] 13+ immuno-dot assayE -3 5} 4.2, standard =
= 0~21 pmol® ¥4 hepcidin peptide(Peptides Interna—
tional Inc, Japan)< ©]&3t9 k. WA PVDF membrane
(Amersham, USA)°]| hepcidin-rich fraction & ¥F&3
S 77 4 uLA duplicateZ loadingdlal, o] & 1738}7] ¢
af Ao A 2087t 0.05% glutaraldehyde® X2 slAth 1
kS A2 A 3087 blocking solution(Superblock, Pierce,
USA)2. 2 A 8]3F & rabbit polyclonal anti-human hepci-
ding 1:5002.2 3]43}e] 20417F o] F2A A 0.1%
bovine serum albumin(BSA)7} % Tris-buffered sal-
ine(TBS-T, pH 55) &0 2 A3 F 23 antibody =
donkey anti-rabbit IgG(Amersham, USA)S 1:50002.E 3]
Aate] Ao A 24175t FFAI AT o] % TBS-T sol-
ution®. 2 22 A& s}al, ECL(SUPEX solution, Takara,
Japan) ¥+-&-© 2 X-ray filmo| #3334 2+34% band9
density= Gel Doc XR system(Bio—Rad, USA)2. 2 FAS
AL & Quantity one 1-D analysis software(Bio Rad,
USA)E AH&-3te] A3ttt

-

RT-PCRZ 0|&8t DMT1Z FPNQ| mRNA H2t

A7t B¢ MEo] 500 uLe TRIzol® reagent(Invi-
trogen, USA)S 718l AlZALe] XA o w}2} total RNA
S FE313, 260 nmoll A FFEE A3 A A
Total RNA 1 pg24-¥ reverse transcription master pre-
mix(5X)(ELPIS biotech, Korea)& ©]£-3 cDNAE 343}
i, olE FEoE 7 fFAAbel gtA A ZHE primers o]
3led M]J mini gradient thermal cycler(Bio-Rad, USA)ZS
A3t PCRE 4339 Y. AH8-¥ PCR &7 denatu-
ration 95°Col| 4] 15%, annealing-& Caco-2%} J7744| 3 2472+
57°CS}F 65°Col A 30% &t AAEHar, 72°ColA 183t
elongation #3<S AFh Caco-2 A X ZA$, DMTI1
(+IRE)& 24 cycle, FPN 21 cycle, HPRT (hypoxanthine
phosphoribosyl transferase) 28 cycleZ A A8+ 31, J774
M E+= DMT13 FPN 24 cycle, B-actine 18 cycleZ A A]
3ttt PCR productE ethidum bromideE 73+ 2%
agarose geldl A 719 % stk 4 band= Gel Doc XR
system(Bio—Rad, USA)2. 2 348 HL& & Quantity one
1-D analysis software(Bio Rad, USA)E A}-&-3}o] A a3}
At

Western blot analysis§& O|&8t DMT1Zt FPNeQ| EHe

P — |
xEI_I_T'__T'__£|I

87} Bt M E o 4X Tris/SDS(pH 6.8) buffer, 5% -
mercaptoethanol, protease inhibitorE 3F3+ complete ly—-

sis bufferE 713t collect 3F 3 21G needleZ shearing
3}t Bradford assay & AF8-3he] @l dS A#s & 15
~30 pge] SHEE 95°CellA 53 EA DT s 10%
SDS-PAGE(sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) 2 23l th &, FPN £49] F-$= 44
g 3A4 S ATt 22 E @928 PVDF membrane
(millipore, USA)l ©]&AIZl %, blocking solution(5%
skim milk in TBS-T)2. & 1~2A]%F ¢t blockingS 2 A]
33t} Blocking 3F membraneS TBS-TE 10£7F 33] Al
% & DMTI1(Santa Cruz Biotechnology, USA)¥ FPN
antibody & 2.5% skim milk/TBS-Tel Z+z} 2008 <} 10008)
2 3|43} 20417k o] F-2stgdth 18] 3 membranes
TBS-TE 1027+ 33] Al#&t)o.™, 242+e] primary anti-
bodyoll t&3sl= donkey anti-rabbit IgG(Amersham,
USA, NA 934V, 1:10000), donkey anti-sheep/goat IgG
(The Binding Site Limited, UK, AP360, 1:10000)& 2.5%
skim milk/TBS-Tel| 32413t AA 1A17F 5t F-2HA]
713 vz A2 TBS-TE A& 38k 2 blote] specific
bande 5%3F 733t en HFE bande Gel Doc XR
system(Bio-Rad, USA)2. 2 945 AL & Quantity one
1-D analysis software(Bio Rad, USA)E A}-&3to] A #ka}
Aot 7 il de] 3y FEL olF AT HYstA @

controlS 71Fo 2 AgAel gro = Axralgdth.

S

2E Agel A= Statistical Analysis System ver-
sion8.2(SAS Institute, Cary, NC, USA)E Al-&3}o] 243}
Atk B A¥e it (mean) 7 EF LAHSE)E EA15H
o, g ET AT Aol t-testE ©]83+ p<0.05
frolFEddA frods HEsAh
R B

Caco2 M=ol 23iof wWE FPNot DMT12] mRNA 2
CHHA H5 =2

Caco-2 Alx= d FAxAA Fell® Axo A
confluent3d+ AE} & polycarbonate membrane transwell in—
sertoll 2~3F7F vl Ax BEde HAXHn &
(polarization), microvilli 4 5 A% A3 M| X (enterocyte)
o] EAE v Ax=z Edr B AFoM = Caco2 Al
EFE 2 AOAEY EAS ZEE B3AIZ & A4
AH&-3H A Th

%A Caco-2 M EZE transwell membrane insertol] &
3t & polarized monolayer’} @4 = A S HE &
A 8} (transepithelial electrical resistance, TEER)S o] &
o 29 tAe 7 Ay ZUHY AT AE F XY
o] & X (tight junction)9] permeabilityE® YE+= TEER

o o -y
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2w F Aol meEt Fokste S R (Fig. 1),
HjoF 2 7)o 3955+50.06 Q - em @3, A& Z71ehrt
13~159 Aol F7te] Fo] #3515 7] A A3ttt Hl &
% 19979 TEER %< 100274248 Q - cm®©. 2 izt
< Uetflon o]% 23Y7bA] v gal-& w) TEER %ol Al
FrA = At

Caco—2 Al E37} A=+ 5 2¢ 7402 FPNH
DMT1¢] mRNA 4% W3 E RT-PCRZ A9tk 1
A3} vjoko] AP < FPNI DMTI mRNAS =&
S7F7F F5lEk Al Yebstth(Fig. 2A). 53] DMT19] 3¢ &
glo] W2 mRNA FF F71e] Zo] FPNol| Bls] &5 =7
Uelt-=d], FPN mRNAS] ¢ vl 27 % o= A%
THE A A2 DMT1 mRNAE ¥l 587421 79 ¢35
] &otth. A loading control £ AFE-E HPRT mRNA$
FEL 23t dd e wsht #EEA skt ole £

RT-PCR #2404 Z} lanevr}t} AFEH % 7] total RNAQ]
Fe FYFE HoiFET
Mz 37 s = F3ke] FPNZ DMT1 @4 4%
W3l 9A] mRNAY W3le} vzt A Yel = (Fig. 2B),
1050
g 900
x
2 750
S
x 600 r
L
L
F 450
300 : ' :

3 5 7 9 11 13 15 17 19 21 283
Days in culture

Fig. 1. Increase of transepithelial electrical resistance
(TEER) in Caco-2 cells by cellular differentiation.
Caco-2 cells were seeded on to polycarbonate membrane at the
density of 16.3x10" cells/cm®. TEER was measured every other
day after the seeding by epithelial voltohmmeter. Data presented
are mean*SE of 3 independent experiments.
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Fig. 2. Increase of DMT1 and FPN mRNA & protein level
in Caco-2 cells by cellular differentiation.

Caco-2 cells were plated on polycarbonate transwell membrane
at the density of 16.3 % 10" cells/cm”® and harvested on 0,579,
11, 13, 15, 17 days after the plating. A) FPN and DMT1 mRNA
levels by RT-PCR analysis. B) FPN and DMT1 protein levels
by Western blot analysis.

DMTI @ ade wjek 27)ole A WAL A @a wjek
% 7949 o]28 band7} VYR Ao, Wi
17 Aol = 7L Aol vl3te] @A F=Fo] 108)] o] =LA
Z7FE A}tk §+8 FPN @l d o] 79+ Caco-2 ME7}F &
slE]7] o] & ol= Hr o o] WY O™ 37} 3
g wal @ o] FhE] wid T 17dA = Wk
A gol Hlste] of 6w} F7tet AT

Jumarie®} Malo(21)2] Ao w2, Caco-2 AlXE 9]
TEER %e] A1000 Q - cm® ©]Ahe] ¢]23 2 ), enter-
ocyted] FHIA 5420 &9 FHUt AR Aoz B3
%W, oJ#] 7}A brush-border enzyme(sucrase, maltase,
lactase, alkaline phosphatase 5)¢] &4lo] HU7l He 5
enterocyte?] 7153 EAE AY+= AL E HuFQ B
AFNA Caco-2 AIEE 17¢ o] w3t 9e w TEER
FA7F Aol =2ek9laL, o] Aol FPN3} DMT1 &
AT B o] FAFE AL RSP EZ, o] & £3

7} dEE AP BFEAT

23512l Caco?2 MZO|A  hepcidnO| FPNZ} DMT1S]
mRNA %! CHEHE =220 O|X|= P&t

Caco-2 A3 A hepcidin®] FPN¥ DMT19] ¥&&d 4=
ol MXl& FEFS golr 7] fal, 1997t transwell mem-
brane insertoll Bl3te] E3FA|Z] Caco-2 A Xl A
hepcidin -2 34 hepciding 10 nM¥# 100 nM9] =&
2477 Aglstqet. 1 A3, 2 hepeiding 100 nM 5%
Z AYstHS w FPN @l d =Fo] ofF AR A5
e gz2T9 60% FTEoE FsH gAseE AeE U
E} 5t (Fig. 3). o] 9} vlsz3kA|, &4 hepciding 100 nM A
S W JA] FPN @il d FFo] {o3HA a3t
Sk, DMT1 @A =79 A%, & hepciding 100 nM
A3AE e fFolH oz FAstdou 4 hepcidin®]
749 100 nM g A DMT1 @3 S50 H3E FX
2= Ao Z YeEtH(Fig. 3). o|2 & uf, AA Wjo] A3}t
= e &Y hepcidine 100 nM FXo A AFA L9
FPN#} DMTI1 @A F&& FostA daA7le Aoz
Bl

Hepcidin®] 2274 Zol A FPNz} DMT1 @] v 3=
Qe digh 7|E] 2 JHA] A AFES AT EA A4
o] gl AxE Kol Ytk Yamaji 5(23)2 A hepcidin
S Caco-2 Al 10 yM T=Z 24A17F et 9 L uf
DMTI1 @ d-& 24 ov FPN g o= wshrt gl
S B3}, Yeh 5(24)9] Ao A+ his-tagged re-
combinant hepcidin peptideZ micel] injection 3}%< ™,
2% 2 A FPNI 5] Aoz HHass dike
ABRE Bgk vp ok o] F 7HA A dTe €4 Wl
EAEh= FEl 9] peptide”} obd 3F8tF o2 A AV f
AR Az Yo Z € FE Y peptideE AHE-SH AlgH
ol Jdot. oA AF = A=< hepcidin peptide= T2

HN
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Fig. 3. Effects of hepcidin on FPN and DMT]1 protein levels in differentiated Caco-2 cells.

Caco-2 cells were incubated for 24 hr with urinary or synthetic hepcidin peptide (10 nM, 100 nM). Proteins from cell lysates were
separated and analyzed for A) FPN and B) DMT1 protein expression by Western blotting. Representative blots are shown. Data
presented in graphs are the mean*SE of 3 independent experiments. ‘p<0.05 compared with the control (0 nM).

cysteine 2715 E S22 disulfide bonde] &4 40|
hepcidin®] @45 83 93-S v|d Aoz Al €T
TS Yamaji 5(23)9] A7l 10 uMe] 73 52 55
7 AHEES =, ol B AFelA AMEE FX(100 nM) 9
1008] o] AF3te Fxolth AA AFAL Ao A3
= hepcidin F=% 160 nM #|Rke] B2 (25), A E]4 "l
&3l 559 hepciding AFESte] AL B AT o] Ax=
Z 23 ou7l Utk T3 Nemeth 5(26)2 FFEZR
GFPE F#A1Z] FPN #3125 HeLa A X0l 3¢ 23
Z1 2o A hepcidin 127} FPN @12 B35 3
Bagk vk Qled, Aol A= hepeidin 4 2]7}F Caco—2
Ao A A= B3 == W9 A (endogenous) FPN &9
Ao £EFS HE F ASS FASAT

38 hepcidin 18] & FPNZ} DMT1 mRNA 9] #
3}5 RT-PCR Ho & Hlwdt A7}, 4¥ hepcidin® 343
hepcidin 25 10 nM3} 100 nM 5% ¥ 9olA ©]E mRNA
FFd HlE T4 e A2 YERtHFig. 4). o|2 &
9 hepcidin 32l FPN# DMT1 Fxzke] AL 34 &
A A e}7| Btk FPNZ DMT1 @A 2 o] W74y

KeN
ASAG BolE FRGORA olF Gy £Ee B

-

¢

oo gl g
>

o

e 12

T Bleg Azt

J774 MZO|AM  hepcidin0| FPNZ} DMT12] mRNA 2
CHHEL 220 D|X|= P&

2 A E ol A hepcidine] FPN#Z DMT1¢] @& o] w|x]&
QIS golr 7] Yot vl A EZFRL J774 A X
10 nM&} 100 nM9] &% hepcidin®} ¥4 hepciding 24A] ¢
gk & FPN# DMT19] @9 A7 mRNA &S 2T
F vlwstgch 2 A7, 10 nM3F 100 nM9] A% hepcidin
AE= FPN @8 +F& 217 gl 2709 72%, 60% 52
2 7AaA7e Ao e S M (Fig. 5), 4 hepciding
A A5 92 10 nMZ 100 nM § % ZFlA fojF e
2 Z2de Ao g2 Yeht Chaston 5(27)& THP-1 o)
A EF] A hepciding 1 M FEE 4A)7F Z-& 244
7t AY S W FPN &9 370 foFdo=z HAgS
Hughul Qled], & A7 A¥, olHt} v FE 910~
100 nM)oll M = hepcidine FPN @& 4= A
L& &+ AR =3, 4] Caco2 AEE o] 43 4
A3} (Fig. 3)91AE 100 nM 5% 2] Aok o

a7t Aee RAY w, 2 Eol A2
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Fig. 4. Effects of hepcidin on FPN and DMT1 mRNA levels in differentiated Caco-2 cells.
Caco—2 cells were incubated for 24 hr with urinary or synthetic hepcidin peptide (10 nM, 100 nM). Total RNA were extracted analyzed

for FPN and DMT1 mRNA levels by RT-PCR.
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Fig. 5. Effects of hepcidin on FPN and DMT1 protein levels in J774 cells.

J774 cells were incubated for 24 hr with urinary or synthetic hepcidin peptide (10 nM, 100 nM). Proteins from cell lysates were separated
and analyzed for A) FPN protein expression B) DMT1 protein expression by Western blotting. Representative blots are shown. Data
presented in graphs are the mean*SE of 3 independent experiments. ‘p<0.05 compared with the control (0 nM).
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