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Relationship between Serum pro-hepcidin Concentration and
Body Iron Status in Female College Students*

Chung, Jayong'
Department of Food & Nutrition, Kyung Hee University, Seoul 130-710, Korea

ABSTRACT

Hepcidin, a peptide hormone synthesized mainly by the liver, has been implicated as a key regulator of iron homeo-
stasis. Results from studies with experimental animal models suggested that hepcidin levels are related with body iron
status, but little data is available in human subjects. This study was conducted to determine the relationship between
serum pro-hepcidin levels, blood indexes of anemia, and dietary iron intake in female college students. Serum pro-hepcidin
concentrations were measured by enzyme-linked immunosorbent assay in eighty-two women with 22.1 & 0.2 years old.
Dietary intake data were collected by using the 24-hour recall method for 3 days. Mean concentrations of serum pro-
hepcidin were 85.1 ng/ml + 6.1 (s.d.) with the range of 13.6 — 295.7 ng/ml. The median value of serum pro-hepcidin
in the study subjects was 70.3 ng/ml. Serum pro-hepcidin concentrations were positively correlated with hemoglobin con-
centrations (r=0.273, p=0.013), and also with hematocrit {(r=0.291, p=0.008) . To examine whether the level of dietary
iron intake affects serum pro-hepcidin levels, study subjects were divided into two groups according to the amounts of
daily iron intake. Serum pro-hepcidin concentrations were 22% lower in groups with low iron intake (< 10.1 mg/day),
compared to high-iron intake group (> 10.1 mg/day). In conclusion, these data, as in agreement with findings in mice,
suggest that hepcidin plays an important role in regulating iron metabolism in the human body. (Korean J Nutrition
38(9): 750~755, 2005)
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Hepcidin2 7] hepatocyteol] 28 A - Eu)w]= 3
Elo]E §2E07 8479 olu|Ake R o]Fo0)R pre—
propeptide FelE BAIE 7L N—terminalZ2] ER tar-
geting signal sequence (a.a. 1~24)7} 2|31 o}m) At
60702 ©]Fo)A pro—hepcidin FE|Z Aoz Fu]gc)
Ao g Hulgl pro—hepcidin—c’— ¥ A cleavage®] 2
3 20—, 21— &£& 25709 ohu)xAlo® FAE hepci-
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o] F7kshe ol hepcidin® ZHlMe 24 2 2
H)7} F7hEan ofof) whEh Aelde] HE- Fv) A
< ¢ Ut
ARE 219 AT AREL BT AY 55 7S olg
3] @& Ao 1, AANA hepeidin®] HE cirtelA 2]
Aol digh A= o vl 27] dAlolth B A
A ARAR R Al o] e 2 Q1A G A4 o)
AellX 83 W pro—hepcidin® F% X FIE 7e}s
I, Aol S HE AT W1 oF Fo] EA pro-
hepcidin®] %ol oH JFE m|X= 2| Loz 5=

b _&L M
l:o

X

hemolysis

2 E5E8 TS0 i TARE %A R3hou,

weto g

SRS BEEEE 380 :750~755, 2005 /751

Al AAAE o2 § 84 pro—hepcidin ¥

of Bt FAL Sl - Yo ofA A ATHA ?%1:

Folz, ¥ Ae] A= AA| WellA hepciding H&&
olgsh= Hlofl F5Aolx 7| 2ARN 57}t & Aotk

Mz X EH

1. S0

o2,
O

o koA B oo, 8 el 22 2 5 2
2% 934 A%, FY 2 28, wg 48 9 7)e
234 A%e] Y WYL ) F= F 8298 A
2 ZASMIT RS AT tﬁﬂ Fre due
S8 AR PR, 2R 7KK 2004
W 627H 997,

& Ao o), B, FA % 7 HE,
BEA AME ol 5 2AME, 24 bR A
A, AF, ANR%E 244 FY AFAE0) AW &

ik
2. 4 55 2N % 992

el

i

=7

ﬂ

o}%} ZA} EH“?J,% A & 3k
AN ARFE NEE e FF 24 TR 19e ¥
St=E 3tk 2lo] A3 FARH Ui AR mEg W
ATLEC] FAF WIS AA ARshe WoR o
ojF o, AL Hd B Bt AAFE BE 24 9
of el AFHET ASE 7VE, 2F Al
ARSI gt 2l tHéf}
slel AE A9 AFRYPH AR AwFE © :
MolAdFHA 7 B4E, A A A9E FHor &
e F, dmgdersiel] e Can—pro software &
ERe-E o83l 7 dda AFHFS AT At
AR G4 dlo|Elo] A Can—prod] JU¥a dlolE
Hlo| A5 2 wit) ot Can—pro?] %% HlolH
Hlo| A F #Fvolgl o]FES] HE Fgo] AA P
woh AAA A4 (22 9.68 mg/100 g, 9 mg/100 g)
dgHo] o] olF Fmgsstse] AFFWE 7EL
2 1AM AT (2 1.4 mg/100 g, 0 mg/100 g)
T o], @A, wiE] A, BIER E, Eloll, BlRE
2H), Lolobdl, HIERR B6, HIER] C, 9t HE, 2+, ¥
o}l 52 3=l JFARE” ] A4Fu (%RDA)% A

l

I t:m i rleo

ﬂ

O_L_

|



752 /A HE 457+ 84 pro—hepcidin F%

REL

3. Eo) ystor HAL
AE AFF AP oA Y E AYEE 1241 ¥
FAAIZ e, A @ del| AWEe A, Y
Y ez @84 F5 (Hemoglobin, Hb) ¢} A3

£34] (hematocrit, Het) & ZHARIL YRl 94
g3t S F2ldt ¥ B3 freeze—thaw cycled
H2)517) 913) aliquotdle] —80Te] AL Wi ¥4
AR Bl

&3 pro—hepcidin ¥ %+ rabbit polyclonal pro—he-
pcidin antibody (DRG international, USA)E o] &3}
ELISA competitive binding assay H2E 4330,
FE sampledl] thdll F ¥ vHg 433tk 94, pro—he-
peidin antibody7} 88 microtiter wellsoll 3 50 gl
¢} biotin®] conjugate® synthetic hepcidin propeptide
(a.a. 28~47) (DRG international, USA) 150 zl (2 ng/
wel) & Zo] ¥ & A& F A2oA 6013t Bisto,
antibody binding site$} 34202 FHs=F stk o]
% washing solution (TBS with 0.05% Tween 20) .8
727 & FAIA7| L, antibody St AE3E biotinES 3
Z5}17] 9819 streptavidin—horseradish peroxidase com-
plex$} HFS-AI A T8 0 2= 83 washing ¥, HS—
TMB (tetramethylbenzidine) £%-& substrate® 7}
slo] &5 3087 o] JIPEHES 3t vix|Eke
Z, 05 M H:S0, €9 F7Iste] A k35 FAAI
% microtiterplate reader® ©]-43l§ 450 nmelx &%
=& Z33199tk 83 pro—hepcidins =+ synthetic he-
pcidin propeptide (0, 20, 100, 500, 1000, 2000 ng/ml)
£ ol g3l BE FAE UE F o)E =S} v wE}
o Aksiich

A4 2] hemotocrit® hemoglobin Fx = A= N
#497] (ADVIA 120, Bayer, USA) & ©]43}0] £43515ic}

4, FHEY

BAE BE g SAS (Statistical Analysis System
PC package, windows version 8.2)& o}&3l] AR
A 319 dldAte] 712AK e slgE s AEel dstk b
gv S 9EgE AT, AoldiAs, WE A
¥, 93 pro—hepcidin ¥E%59 S3XE 49 TFQ
212 etk WS 7k ABaAlE Pearson’s cor-
relation coefficientE AXIsI BAen, F 18719
BHFA 20l Student’s t—testd AMEEH] AIEIQich
EAA FoleEL p<0.05 22 p<0.012 23sIqi)
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ZA} tARLe) Yol 221 £ 0.2 Ao, i 7, Al
Z AA%= 22 1604 + 05 cm, 53.7 £ 0.9 kg,
24.9 £ 0.8% Atk tidAte] B AAF A5 BMD =
20.9 + 0.3 kg/m*2 /F2] Wl &3 sht 71EA9
8}3HA 2000 2H3 AT
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T+ B8t AUt e ¥ Al
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At 19 81% B ¥ AHFS TR (Table
2), 101 £ 0.3 mg2 2 4] 949 &7 FE AR
16 mgell A & "= 22 yehsith ol 20014
FAA7FFERALNAN vERE 20~294] 431 349 B
AFF 114 mgRThE IR W FAjolH, ofhdE o

Aoz @ ojde] ATE Ve £ (13~14 mg)
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Table 1. General characteristics of the subjects

n %

Drinking

None 16 19.5

<2 times/wk 62 75.6

> 2 times/wk 4 49
Smoking

None 74 90.2

Former 6 7.3

Current 2 25
Exercise

No 58 70.8

Yes 24 29.2
Supplement

None 64 780

Vitamins 14 171

Iron 3 3.7

Vitamins and lron 1 12
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Table 2. Daily nutrient intakes of female college students

Nutrients Mean =+ SEM (n = 82) % RDA
Energy (kcal) 1711.7 = 55.8 85.6
Protein (g) 723+ 44 131.5
Lipid (@) 591+ 26
Carbohydrate (@) 2319+ 7.9
Vitamin A (zg RE) 757.0 = 48.3 108.1
Vitamin E (mg) 122 = 0.6 61.0
Thiamin (mg) 22+ 1.1 220.0
Riboflavin (mg) 1.1+ 0.1 9.7
Niacin (mg NE) 142 = 06 109.2
Vitamin Bs (mg) 1.7+ 01 121.4
Vitamin C (mg) 60.6 = 2.9 86.6
Folate (#g) 1901+ 7.7 76.0
ron (m@) 101 £ 03 63.1
Ca (mg) 478.1 + 23.5 68.3
In (mg) 75+ 03 75.0

>
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Pro-hepcidin (ng/ml)

Fig. 1. Distribution of serum pro-hepcidin levels in female college
students.
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S0 Aol fARIGIOW 2417 Ao R AR &
159 A3l 1968 kcal' 9} 1837 kcalm’ﬁ.‘i}*‘: i
< "M%‘-ﬁ‘*ﬂ%‘lﬂ} 19 Byt 988 JAFS 723 +44 ¢
oz °E‘°W47z} 43)ehs FEelgieH, Ad g5t
E9] AHFE 59. 1 g 231.9 golgich. & 4% AHF 5
i AA, @EEe] 3o Y%A FAEES 16131
54F 20019 FgdzAS) vlwste] & wf xFe] A
F#ko] a1 @r3EY Aol W2 FAoF Yepth

22 HlEl A, thiamin, niacin, BIEF] B6 52 Blelql
AAHE BAF oS AFAZ T I riboflavin 8]
e CE Z2 A3 91.7%%) 86.6%% WA 2
Ak FE AFHsHs Aoz vepktth vhd, Ak ol
AF RS Pgeke) ok 759%, 4] A% ARk AN &
o X]E 68.3% 5k AH ks RoE e
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ZAF 3R] B @3 pro—hepcidin %+ 85.1
6.1 ng/mlelgitt. % pro—hepcidin 5= 13.6 — 295.7
ng/mle ¥ wee Bxstm qlglen, 243k (median)
BEETh 32 70.3 ng/mleE JE0Z X¢F BY
veRgsith (Fig. 1. @4 A Wl 83 hepcidin 5%
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Fig. 2. Scatter plots of serum pro-
hepcidin concentrations with (A)
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84 pro—hepcidin® ¥E7} 118 ojFo)| & QTS
Hh=R] dolr 7] 93, £ ATl Fodh udAEe] 84
pro—hepcidin F%2 hemoglobin % % hematocrit 5=
X ¢ke] AF#t BAZ Pearson's correlation coefficients S
T3 Argktt (Fig. 2). 2 23, 3 pro—hepcidin
559 hemoglobin %= (r = 0.273, p = 0.013), 8%
pro—hepcidin F%=% hematocrit (r=0.291, p=0.008)
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Table 3 WA didaisel A4 thdAkzre] 84 pro—
hepcidin 5% 3% 7o)}l Hemoglobin % (K12
g/dD) &} hematocrit (< 36%)& 7|F 22 3l HI1ES
A3 E W F /MR A 2F EE 9 agel &
she ot AE9 % pro—hepcidin ¥57F B4 28l
&3l oSl B3 FojH oz A Jeidth ol
dolHE TR, A FEES Yo E dojd A
3 Ae} viszshA|, Al FE A AVt AL S
AW hepcidin®] A4 L #H]Fgo] ZAHE A& & F Y
o, o= AAA HA] hepcidino] A& IFA #A]
of 2% A& k1 UL ATk M, hepcidine]
A RS Fo A 229 A FE YL S 1Y
3 & o), vlwz 2719 HE A dAR] A dE
A7reke] Ao YA E hepcidin A 30] wizksHA W
3 Ao &8 F Qi B AFelA 2 hemoglobin
FE Z4 hematocrit X9 Tae Hwe] ZAYo]
Aror APHY S o WSk X|Fo|2E, ¥F ferritin

Table 3. Serum pro‘hebcidin concentrations in normal and iron-
deficient subjects

Hepcidin (ng/ml)

Criteria Iron-deficient Normal Tvalue
Hemoglobin <12 g/di 59.2 + 8.1 89.6 + 68 -—2.85*
Hematocrit <36 % 584 +85 889 + 67 -—-281*

Values are mean = SEM, =+ : p<0.01 (ron-deficient vs. Normal)
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(<10.1 mg/day)
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(> 10.1 mg/day)

Fig. 3. Serum pro-hepcidin concentrations by dietary iron intake
levels.
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A7z} e7Er

4, No| EE M3t B pro-hepcidin A< 2l

Ho|gRele] AR HHFo| W} ¥4 pro—hepcidin®]
F57) Wslsh=R AuRrr] g3, ddAES 3T BT
HE AH= 101 mgE 7I1FCE F IF0E Yo
83 pro—hepcidin ¥5E Blwd3ic)l 1 A9, A8 A
FHgo| 2 71849 A pro—hepcidin F=E 74.2
* 7.1 ng/ml, ¥ o] ¥ 1FNME= 96.0 9.6
ng/mlo %, Xo|ZHE HFsHs AR o] W& 1FS
AR AFFo] 2 150 vls] A pro—hepcidin F&
7} 22% oV A% Aow et (Fig. 3). ¥ 1F
7¥e] pro—hepcidin % 20l= FAZLE FolshAl= &
koLt fo) Fo) 2% 4 BT (p=0.07). AF
o EZAsk= AR gelo] wet AUz F5FEe] o
2oz HolziE A% AR F AT 4 24
¥} ujgE e A v1E-g T Ao|2REY FE A
# 9} % pro—hepcidin F=2e] 4& BAE F o A
3] ot &= glg Ao Az,

Qo I HE

Hepcidin® 2.7 zljlAgt s FH]=E Hele|=

B, A¥TE 2P ol HTY o] AT S0 1

AR Aegn) ngste] 1 BulPgo] F7she ZAoE Al
7 988} ol& hepcidin®] A E A% Aol o
T ARE 27 X A 4T AT SA=EA A
W d Y /A B 5 Qe 7HeAE ANET
AT o} 74A] AA WA hepcidin®] Sl gt
T A9 g Ao} olo B ATl HE Aol
W71 AL AWAES o2 8F pro—hepcidin FE
o] B3 o A pro—hepcidin =9 W18 A|xele) A
#3842 ¥ pro—hepcidin =2} o] AR A=y}
ol BAE Loyt ek

1) ¥ Ao Fodd Al A pro—hepcidin %
£ 13.6 - 295.7 ng/mi9] ¥ Wl £¥3ka qI912H,
Bt F5E 85.1 ng/mlolgleh. &, FYE (median)
& FFuch ¥ 703 ng/mle g 9F0F 293 EY
£ et
2) 8% pro—hepcidin =5+ 8% hemoglobin %<9}
)& Q1 oke] AHAA (r=0.273, p=0.013) & VeI

Ho



o A hepcidin 5% hematocrit Alo] Q4] §21A
Ql <k A r=0.291, p=0.008)F Rt

3) Hemoglobin &57F 12 g/dl ¢]st2 d 2 & &%
S W, d AFA ddAES] EH pro—hepcidin &
5 59.2 ng/mlZ 4R19) 89.6 ng/ml Bt frolH 0w
wWron (p<0.01), hematocrito] 36% o181 thaAs
9] ¥4 hepcidin 52 58.4 ng/mlZ AHH Yol 43}
£ WIAEY A pro—hepcidin 5 88.9 ng/mlE.
o o3z Wit} (p<0.01).

4) Ao|2HEQ] AR AFFHo] W 15 Ha
pro—hepcidin &= 74.2 ng/mlE & AF o] &

2§ 7 96.2 ng/ml Bt} 22% RSk}
ojde] Axz2 E |, €4 pro—hepcidin 5=
Ago] WAH oz YA Aol FAHoz i
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