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W=th(Hayes et al, 2010). mebx, YEF 43 AgS s A%

Q1A o] YL F= Qoo tg A7 B s,

Hh(Henkin et al, 1999). 7] AFolA ofd Aol A% AAE
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Skx}(Takeda et al, 2004, Yamagata et al, 2003)5 tjAo s 3t

J’m-! . ‘~:3| 1



A ol Ygokde] Ut ANEEE IdAH/IA ofdd, Alo] ofd o}
=& G4 FA 5 o £H7F o]&5 1 Atk (Gibson ef al, 2008).
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skl ofd ol AU F4E wWalste] AA o] & Jhest 2o] ofd
(available zinc) AFH S FFth(Lonnerdal, 2000). 1822 2]o]

ofd AFAFE T A ofd e HIF Al Aokl F W&

A

meldtel  ol§ bsd Aol ol HAYE ey AL

AR dEo] B BHAY obd FoPgE Frh A TRA-od

= HES 1T olg 7hsd 4of ok AHE uHE FaF vk

AARE] FoAor & A0E Yegy (Cavan et al, 1993).
H2k S e ® o AFelAe ofd Aol AAY vE T Y
B2 oA 3] 919 @Qlo® YEHTE (Singh ef al, 1998). E3
vk olo]lE Wl Aol Ao R 3 oy dAfor d/dH 2
A Y ofd FE7F f94 o=z v Yelwtt (Ennes Dourado

Ferro et al., 2011, Ozata et al., 2002, Tungtrongchitr et al., 2003).

aet vlwelel AW okl dEE ol WA olgdd] B

ATE F3] =ETE Smidt et al (2007) 2] AFo A= v|wE oA 9
A 24 g i ofd HHAl fAA HdHo] AN AT A

Hjslo] fro]Aow whe Zlg SRl ot A Ao FehE itk
S-S 7MAh 3 dos Santos Rocha et al (2011) AolM&
7k oA 2 leukocyte metallothionein(MT) ¥ dX o} 2ukA]
FA2 FdE A4S Ay, MTY wdo] thE ofd ukAnTh
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253 222 gAsgont nw gy pERAGE WAL
Mm gn meb g4 AFT mastel vwelAg AuHe

leukocyte oFl &HEAl 7 L@ AolE B A7F Qs

X HF9 sodium—specific taste receptor® ¥&# % epithelial sodium
channel(ENaC) #+4d7 d3d4= & & Utk ENaC+ & o—, B,
y— 9 Al 7FA subunit7} EAEH, 53] vFAE U a-
subunit®] o] Mg =2 Aoz 4#HA 9t} (DeSimone et al,
2006). Amiloride®] ©J8 ENaC7} Apdtd A, w]Z4AZ ] YEF
ool W3tHy, @3} YEF o T gAY gAHE A=
Hu¥ 3 9t (Hellekant ef al, 1991, Henkin ef al., 1999, Lin ef al.,

1999). ¥3F Xenopus oocytesolA] ENaCe Wao] YEF o5

ol

AAN71& Ao 2 Yebsttt (Stihler et al, 2008). 71&2 & (mice)
A7+ (Shigemura et al, 2008) oA = #uke] tfgk vk3-o] ENaC « —
subunit® A% wWolo] weh g Eelsivh. AR ENaC
A Ao et A A3 (Ambrosius et al, 1999, Sugiyama
et al., 2001), aENaC A663T 37 ®ol7} BE AFeA wwsH

UebgE #lsigith shAwt, oA 74 d= ARl aENaC A663T

i

F42 8ol B4 # vl ¢la, aENaC A663T 7 tha Aol

Ak QA o] w A= JEFe] disl] & AF= ATt
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bz, AU ofe s, WMol

AdA 7es E9ettt (Gibson er al, 2008). oFddo] ©dt=

Aesn A5e SuE, P2, 284 J5on TRAL. okde

o

AW 20071 o] ok =% &4 FHuld EAo] FFH
Qaolty x4l @4 %+, RNA nucleotide transferases (RNA
polymerases I ,1I,IlI), alkaline phosphatase, carbonic anhydrases
ol Stk (McCall er al, 2000). F3t ofde ofd F& A Y
g x0] by skel] 7]ojgtt (Vallee er al, 1990). HEgh ofd &
A B S T3 Ee Alste 9 dvh tEA o2 MT %
MT-like protein %°| Stk MT Az A z2de& MT
promoter®] 21+ metal response element (MRE) 2} ##o] Q=6
ofado] 9 &A3E  metal-binding transcription factor
1(MTF1)o] MREe] A@ate] MT F449 HAME 2dshes Jo®
a4 Stk (Cousins, 1994). o]dd Aslsta 75 9o, oA A

Wel 7% W 4g SelE weldt,



994 FHAY  (isotope tracer techniques)S  ©]-&3t
ATeNA (King et al, 2001), 4 HAS di oz o] ofd HAE
12.2mg/delA 0.23mg/d2 &31& o, & W okl F57F 100%
7V A, 4 ofdd wiAdEe 11.8mg/dolA 0.23mg/dE A dHo]
A ot sEE dAsHA FAT AR ofde] AZE Ay

el ol=w o g FAA 7A HAUFe] AAA Ha, 47 A4,

¢

, A el Moy A el A%t 7 T2
A4 SAHA7F YeRdth  (Hambidge, 2000). o3t Aztet A3

H+e & 2o 939 (acrodermatitis enteropathica) ¥ & 44
A g, daSA A3 S, ofdn Adete wide Ak
54 9 kR A7) BEa (Aggett et al, 1989), ofd HFE glo]
A1 Awdor Fo @t (Kay er al, 1976) oM vehdr)

ofA o] ¢ket A (moderate deficiency) AHoAM= A% A, 9F

sl A8 E, B85, 8AAAEQ dAS, AAAE A T
ZArol yEbdtt (Hambidge, 2000)
ofd el H7F Adel st oy A7t A glon

A AAHe] Hm NAH Azel Bt olHAA &
AUTE AWrA o R ofd PYdEH Hrtel ol&HE Axe FAH/EF
ofdd Aol ofd MHE T8 1 9 ARE Y= 4 Y (Gibson et

[e)
Ag

al, 2008). tgolM ot FFIE H7lel o] §HE= A%
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AR A g



1.1. 8%/d%4 o}

AbEEE AgeA Axolth. "F R olwd  ofde A
FE(70%)>  712FH o0& albuminel, WA 18%% o -2-
marcroglobulin®]| Ags U A= transferrin o1}
caeruloplasmin¥ #<& th& @@ Ado|y histidine¥} cystined}
opu| Ak Agtsto] EAgTh o A wlAYF st dAE
AHEY 9 e s S22 W9 (12-15mol/L) oA

FAE}H(Gibson et al, 2008). o]g s dH/dA oA &

N[\

)
R

A SARE AR Yot Awe okl R Bree
8lo]  World Health Organization(WHO)/the United Nations

Children’s Fund (UNICEF) /International Atomic Energy Association

(IAEA)/International Zinc Nutrition Consultative Group (IZiNG) ©]
FHeteE A ofd FFH AEsta A xoltt (de Benoist et al,
2007). ofelE Aol o] okl HFA A el ofg et
A dH ofd whol g ofd EEAl AFHO AAAA &t
3 o Aot} [(weighted average effect size = 0.82 (95% CI:
0.50—1.14; p <0.0001)] (Brown et al, 2002). 3+ 20-354 A<l
YA (n=5)& oz s ofd 14(0.23mg/d) I} HZF(12.2mg/d)
o1+ (zinc depletion/repletion study)olA 2o] o}l AF 9 W=

9% obdlo] 4 & AHsht 2o vehget

A3 ol AT Hol, A AR Az, ol AW, 4G 59



&S W 2o doA v webd da sy A ofd He

a1 stojoF 3t} (de Benoist et al, 2007). 8% o}l FEE 2447+

(Hambidge er al, 1989). HEZ FH ofd &t Agtel] uhet
HAstE =, 38 A W B A ofd v AAB] Frhete
obF AIZFE] ok FEIVE M wom, o HetAE g% ofd
&7 AAsEl FAAsa O oF v F

HAH(Guillard ef al, 1979). 5748 79 9 A% 24 A &

o Z ofdl] o]Fo] Tkt H ot sE7F HAaFtH(Singh er
al, 1991). H47] HF&(acute—phase response) FQF EHjH
cytokines °] 2+ Wf =% AF G@WAd MTY Fd& FAso
o g9 otd F47F F7FE Yt (Schroeder et al, 1990, Rofe et al,
1996). =3t dF ofd dlF albumine] AgtE o] 7] wEe 3H
7AW (cirrhosis) Y il A —of ] X A3 = (protein—energy
malnutrition) ¥ #Z2 2% LA Al A dRR Fo] dAste] I
obdd L7t Friste A¥E KT (Solomons, 1979). o] o=
YA T EE AT FYe 58 9 Vg 3EE AR A YEuYs

g4 34 (hemodilution) A Ale®= dF ot FE7F Hadt

|

A, A o ofd 57 45 % Bu 7] diEe] Wil e

rlr

91 &3 (hemolysis) WA Al ] o} TRVt SEZ ol

(Halsted et al., 1968, Hobisch—Hagen et al., 1997).
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Ao ofd FFEH F7F Al wol, A, o AFH AR e

uek
o
o
e
1o
ST
rlo
ro
X,

] (lower cutoff—value) & ©]&3%t}t (Table 1).
o] SAA= v FUA7FYFZAF(National Health and Nutrition
Examination Survey) I (NHANES 1I: 1976-1980) 4 717 star
P =70l obd 3~74419] tx HAGEY AEE o] &sto] o], 4,
ol QF Azt w2 d3 ofel F59 2.5™ percentiled] G EH=
gho 2 A9t (Pilch et al, 1985). 83 ofd ¥ vo], 4,
ol AFH Azre] me & S EQAT (Figure 1). 8% ofdd

£ g BF ARIRE Sk 2006l A B3 ol FE

o g AAEG oY iR xAlel  Agar7 @ARoR
ol g o A AZF 4 FH offe] w i VEAE BT
AASFL Stk (Brown e al, 2004). 27 8AIZF F&E A AqFH Al
104 o "y dF  ofd  dAAE A7 11.3pmol/L,
10.7 pmol/Lolaz, o4 w®lFE  dq9 A 10.7#mol/L,
10.1 gmol/Lelth. @FAZk AfH g dAe] gk HH  ofdde

SAAE o Hobd "y Z7 9.3 pmol/L, 9.0 zmol/Lel sttt

l_,\'(

L3t QoA AFst upel o] oA A, dalew Qlst FH
34 (hemodilution) ©] At HH oA -5
AAl o Fof wet 7|EAE g sATh SR 7] A9 AS

AR EF ofd gl HopAAl k7] wiEel BIYgAl oA 9

11 )-__A _k‘l.'il_ 1_]

| &1
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=25 e

Ty I ol Ao ofdd ke #A Aol wEHW, AZkgk Ao
ofd Al (K2-3mg/dDA EH ofd sx7F wA3] WolA A
(Lowe et al, 2004), °fzte] 2o ol At (3-5mg/d)A €4
ofAdL AL Wzt gAY W3 YET ¢ wesk Ao® uEbyt
=, Y WAUEY a&AA 2 ofd Aztst ofd Ato]
wAEA] ok g AdiRes  aAIA FAEH AAA
A3 (marginal deficiency) %=+ g4 W9 e Aol ofd A
WstE 2 whdekA 3 sk Aol AVIHZIE & dtH(Gibson et al,

2008).

12 : ;ﬂ : a‘I:r ; 1_-_1




Table 1. Suggested lower cutoffs (2.5th percentiles) for the
assessment of serum zinc concentration

Lower cutoffs for serum Zn (umol/L)

Females
Children >10 yr Males
<10yr Non- >10yr
pregnant
pregnant
Morning fasting” - 10.7 1* Trimester: 11.3
8.6
Morning non-fasting 9.9 10.1 ond 31 10.7
Afternoon 8.7 9.0 Trimester: 7.6 9.3

a. subjects > 20yr;

Subject with low serum albumin, elevated WBCC, current diarrhea, using oral

contraceptives and etc. were excluded.

Edited from Table 1 in Gibson, R. S., Hess, S. Y., Hotz, C. & Brown, K. H. (2008).
Indicators of zinc status at the population level: a review of the evidence. Br J Nutr, 99

Suppl 3, S14-23.
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2.5th percentile serum zinc (pg/dL)

Age (yr)

80 — Females

2.5th percentile serum zinc (ug/dL)

Age (yr)

Figure 1. 2.5™ percentile of serum zinc concentration for males and
females aged 3—74 years, by age and collection time/fasting status
from NHANES 1

Symbols represent the mid—point for five—year age intervals. Data for
each time of day and fasting status group are shown as;, AM fasted =
8h(A); AM non—fasted (M); PM/evening non—fasted (@)

Source: Brown, K. H., Rivera, J. A., Bhutta, Z., Gibson, R. S., King, J. C.,
Lonnerdal, B., Ruel, M. T., Sandtrom, B., Wasantwisut, E. & Hotz, C. 2004.
International Zinc Nutrition Consultative Group (IZINCG) technical
document #1. Assessment of the risk of zinc deficiency in populations
and options for its control. Food Nutr Bull, 25, S99—203.
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a8 o] AEA AFels dEALE @Wol FiEol glo] AE U
obel el mls) AWE FsHo] o] gH= oF¢ (available zinc) 9]

ok2 At} (Lonnerdal, 2000, Joung et al, 2004) (Table 2).

web Aol ofgl HAE BE okl JRH HA Al Ao| ofal
HA AR olue okl AA ol§ES nAF olf s
obA% @ welsolof Frh FALY o} F4 o

.
9]&4 (dose—dependent) & & YERJEE ool A o] &E =4

[3] 914 (mg) /660 (31 914F 431/ [0k (mg) /65.4 (ol #-242)]

dmtx oz AYRF FH U AFFY IEAF FEHLS 221mg-
1372mg/100ge] 1, YWk oz weEil-olel & H]&S 19-88%
T2 2% nste] H& Holth 7]} thE A EA 2F9 et

ekl 0-115mg/100ge 2  FEAl—ofd & npj&o HYE=
5=

(o]

Ak o g 0-424 To|t}.

@ornw yEAb-oll EWlEE 00

_ﬁ

(Joung et al, 2004, de

Benoist et al, 2007) (Table 2).

2ol oflo] AA o] &ES FHsE WHele IAA 27FXE WHO
W I [ZINCG WHo] 9t WHO(1996) 7F #A|A 8t W o] uj=r,

AE 1 EA6 wet 3 f902 WY (Table 3). 72 &7
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W AT o] AAE o] wItu|o] 9= EEA AEom
TAH e Aee B A ol&E 2AH(high—bioavailability
diet) 2 #7F, AAHA & =75 2 Pl e FFE FE
TAH Sl AAe @2 A o] &E AAH(low— bioavailability
diet) 2 #7Fat o] F FE7F EdE AAE FF A olEE
A AF(moderate—bioavailability diet) & #+F38F%ch o] wf v =1t
a3 F2 AA o] §F AARY 77| ofd A o] &E2 15, 30,
50%%Z AAI8FATH(Table 3 & 4). IZINCG W4 (de Benoist et al,
2007 el wEW, A FHE EF Aolst AAHA  FE
o] (unrefined) F FHER o] Aoelia, e 20t

gorow @4 Agow Ade wE aolg pRag £ o9

yEal—old B H &S 4-188 KUY, o] we ofd AAo)LELS
G 26%, S 34%Z AAEAUTE AAEHA L Aol
g EAl-ole] E H] &S 18 2TE, ofd A o]LES YL 16%,

AL 25% % A AE T Murphy e al (1992) 9] A-olMe <tof
AAEE WHO (1996) 9] 71l wreh sglit—otd & Hj&S 18 e
ol g 7153 old(available zinc) AHE Aise LuyES
AAEATE ZF ARle] HAl ot AFHFeNA ol Thed ofd AHAE

Axste Ae et ek,

o] g 7}53t oA (mg/day) = AA oA HHHF (mg/day) x ofd

o] %./Ké o

Q
AL o



Q29I (zinc availability factor) I EAl—o}l &

o] u, o}l o] g4
Hlgo] wet FaAH, guik-obd & HlEo] 157¥ 15-30, 30
747y ol o] g4 29 0.30, 0.15, 0.10°0.%
(2,

Z el A9

A7tk ot oz et 9EAl
g Eo ok F5 AEE & Adske 202 YEE T Brown er
al, 2004). 34 EdS o]gato] ul 7kA 9 Ao] Qrl(ofd, FRAb-
&, ©d )T Aol ofde] FHEe] did dAE 2
ot FFES

ol & W&,
HE EdoA ofdx IEA
2 YEtHR?=0.4, p<0.001) .

—okel & u]gol

A3,

EEE L

Qo] O
Al L —

rlr

]_

Oll
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Table 2. Zinc content and phytate content in Korean foods

Food groups Zinc (mg/100g) Phytate (mg/100g)
Meat (pork, beef) 2.9-7.0 0
Poultry 1.8-3.0 0
Seafood (fish, etc.) 0.5-5.5 0

Eggs 1.1-1.4 0
Dairy 0.4-32 0
Seeds, nuts 0.3-10 933-1280
Beans 1.0-5.0 508.5-1371.8
Whole-grains 0.5-3.5 221-973.3
Refined grains 0.4-14 191.7-669.5
Bread 0.4-1.0 20-26.9
Vegetables 0.1-2.4 0.4-319.9
Fruits 0-0.2 1-50

Edited from Table 1 in Joung, H., Nam, G., Yoon, S., Lee, J., Shim, J. E. & Paik, H. Y.
(2004). Bioavailable zinc intake of Korean adults in relation to the phytate content of
Korean foods. Journal of Food Composition and Analysis, 17, 713-724.
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Table 3. Criteria for categorizing diets according to the potential
bioavailability of their zinc

Category

. . e Dietary characteristics
(Zinc bioavailability) y

Refined diets low in cereal fiber, low in phytic acid content
High availability + Diets with phytate-zinc molar ratio<5
(50%) * Adequate protein content principally from non-vegetable
sources, such as meats and fish

Mixed diets containing animal or fish protein
Lacto-ovo, ovo-vegetarian, or vegan diets not based primarily
on unrefined cereal grains or high-extraction-rate flours.
Diets with phytate-zinc molar ratio within range 5-15, or not
Moderate availability exceeding 10 if more than 50% of the energy intake is
(30%) accounted for by unfermented, unrefined cereal grains and
flours while the diet is fortified with inorganic calcium salts (>
1g Ca*’/ day)
Availability of zinc improves when the diet includes animal
protein or milks, or other protein sources or milks

Diets high in unrefined, unfermented, and ungerminated cereal
grain (e.g., flat breads and sorghum)
Diets in which the phytate-to-zinc molar ratio exceeds 15
Diets in which high-phytate soy-protein products constitute the
primary protein source
Diets in which approximately 50 percent of the energy intake
is accounted for either by one or a combination of the

Low availability following high-phytate foods; high-extraction-rate(=>90

(15%) percent) wheat, rice, maize grains and flours, oatmeal, and
millet, sorghum, cowpeas, pigeon peas, grams, kidney beans,
blackeye beans, groundnut flours
Diets that have high intake of inorganic calcium salts (> 1g
Ca®'/ day) either as supplements or as adventitious
contaminants (e.g. from calcareous geophagia), which
potentiate the inhibitory effects of low-availability diets and
low intakes of animal protein exacerbate these effects.

Edited from Table 5.5 in WHO (1996), Trace elements in human nutrition and health: 5.
Zinc. Geneva.

20



Table 4. Estimates of dietary zinc bioavailability by phytate to zinc
molar ratio by WHO and IZiNCG

WHO IZiNCG
Unrefined
Diet types Highly = Mixed/refined . Mixed/refined fretined,
. . b Unrefined . cereal-
represented refined vegetarian vegeterian
based
Phytate to zi
vrlelosne <5 5-15 >15 4-18 >18
molar ratio
Zinc 26% men 18% men
0, 0, 1 0,
bioavailability 30% 30% 3% 34% women  25%women

Edited from Table 1.8 in De Benoist, B., Darnton-Hill, I., Davidsson, L., Fontaine, O. &
Hotz, C. (2007). Conclusions of the Joint WHO/UNICEF/IAEA/IZINCG Interagency
Meeting on Zinc Status Indicators. Food Nutr Bull, 28, S480-4.
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209 ok JPAE Bk A o gHE AREE vt o

By (Ferguson et al, 1989, Gibson et al, 1991, Gibson et al,
1998). 14—-52A 1527 22} £ A= Ao = Sl

Ao A (Gibson et al, 1998), 3IEA-oldd = HE E&

al, 1989) ML 2 S Bl Hgztete ofd s €%

oA e QM Aol &FF Fehe] W3l (diurnal variation), ¥4

AZE Aol AH, 34 Y ToE A% dFE v gy 9

ofo] =9 Af AY TEEH A T EFE(testosterone hormone) 2

GFoz W ofols Welste obdde] FEsb oid ofole] velzke

ofd9] FEHTH Yth(Nishi, 1996). gt slvtrsl Zehg ofo] 5
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R

2% AN musE okd ¥k AR 9Be Wi
Ao hehgeh % A7kl 71 B/ gol W Alke] e 7He/A %

Hla W zte ofd 7 3 A4S HATH(Gibson ef al, 1989).

i)
e

ToWET, AT T EFE oY AE Y ofd FEE ofdd

o2
o0

A W NEE AMEHED AE U okl Fr: 8% ofdl
Ero nE AR oT A7|7Ee ol JeRAHIE HrF & 4 9=
AFolty, A olA7A ME U oA ®mo] ue 7]}

AR E o] QA ol A 7+ Hlw b o8 1 (Thompson, 1991), &

ojtl AxE FEF ¢ du FRel wk Eeste Ak oY
e JES ez o ATelMe dAHCeR ARSI

o] H t}(Gibson et al, 2008).

T OE AREE ofdugHas 9 oofd Ag "ol gl g4,

Aol 22 54 Ax U oy ofdagaid axd NS
&3t olAYG S FE = 3 7} gttt fxdo= alkaline

o] tH(Gibson et al, 2008). 124 o]H X xEo] dAE A=
Holz FevheE ATHES Ztevh s ALPY AS, ¥F ofdn
RRZAI R A ZRgE ofkd A Al &40l FrAshi ofd ofd
AFex e WstA et Aol 9t (King er al, 2001, Pinna

et al, 2001).

ot 4

L

AR olAGPyH Frh el olgHE: Am:
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g% Ul MT w5 2o] ofd A3 wste] whe wsiste] o] ofd
AF7F ¢S Al 8% U MT s&% 248t (King, 1990). 184
g3 W MT 555 2% 9 AEf 20 JaMe Frrsinz A4d
W MT 55 ofd Jddeim7tel o weol &8sttt Ad5 o MT
The A ok AR % A ofd Af BHE BT wdst
4 W MT ke 29 #2d % 2EH2d] JF= A 7]

AR (Grider et al, 1990), ¥ M9 o}

Fopgeel Aol: AT el @A Utk

o] 9ot FTFaA AN (polymerase reaction assay) =
ol gato] A ofd M} HHE G mRNAS FFEE F7sk]
ofd A HE Hrtste Wl dist #AE Frbsta Qlth
324 © 2 reverse transcriptase—polymerase chain reaction (RT—
PCR) = ol &3fte] ofd BE 9 A F oy A48 MT mRNA
=  SAske Wl olgHx Utk 7|EY dTelA

lymphocytes MT mRNA @go] okst ofdd AfPo|r HFBl3}A

FN

PN
nn

A4St (Allan et al, 2000), o9 HZF 3 monocyte %

N
[N

erythrocytes MT mRNA 50| A& 07 £7139th (Andree et

al, 2004, Saydam et al, 2002). =3t A%A RT-PCRE 9]

oo
e

lympholastoid cell®] ZnT¢ Zip ofd 4kA Fd29

rl
Frt
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AAAQ ofd JAAEH 7L A ER BAS B th Andree et al
(2004) 8] AollA, 2747 22mg/d o} ®HFA AFH A, leukocyte
Zipl mRNA %ol 17% Aoz Zrastoe] Zipls o] ofdd
AFHE Y skes FAAR ol FLFEE I AEE Adetlth ofd

FuAG Ho| ol HAste] BA P ve 3 (2 ok
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2. ofd EHHA

Adell= F 7Y old ubA FAAT (gene family)§l ZnT
(SLC30) ¢} Zip(SLC39) o] &A sttt Figure 23 29| ZnT family+=

AxA U ofdSs AXE 9 B AE U 2YOoR o|lZAA AXE

o

Fv 98E s+, Zip family: ZnT9 w2 A2
EE AX U 299 ofdE AMEAR o]sAA AE U ofd TEE
77l 98-S . @AA, EfFole ZnT family= 10,
Zip familye 14F°] R, A ofd GF AJejel we ofdd
A #@do] ZAFT(Lichten and Cousins, 2009). thL-oA
Ao 5A 9 o] o H[EF A ofd

Pl wWE o kA E O wstel disl Ay Bz g
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2P [1Znd] - 20T

Transporter Function 2

Figure 2. Generalized cell showing locations of zinc transporter

Source: LICHTEN, L.A. & COUSINS, R.J. 2009. Mammalian zinc transporters:
nutritional and physiologic regulation. Annu Rev Nutr, 29, 153-76.
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2.1. ZnT family

ZnT familyolls= & 10709 ofd ubA|7}F EA st} (Lichten and
Cousins, 2009). Z+z+9] A X 2 ofdd A 2 ®WZFo] wWE ZnT

gene family 2] #& W3slE Table 54 YeERSlth

ZnT family § EfFoA 7 WA @dEl 2 ZnT1oZ Ay
olg] %A EBxdt= ©, 53] 2% 2L ol F5 A4
olsel #HE A A EA ATt (Palmiter er al, 1995, Kaplan
et al, 1998). ZnT18 WAL o] ofddo] &5 W Zow g A
ATt in vitro A@elA ZnT1e #wde] W7 MTE 2o wshe)
BYsA 7= A& FAE 3 (Langmade ef al, 2000), MTF-1
knockout mice o4 ZnT1 mRNA® MT mRNAQ| 30] z+7} 4,

6u) oM ow Ztadlth Z, ZnT1 H449 FdE MT &

&
3
o

npRZA S MTFLel  oJs  dde]  zddd. 7€ F&(rat)
A8 (Liuzzi et al, 2001) oA 11 o}d 210] (180mg Zn/kg) =& A &3t
A 2%e AT AF, 7F 59 ZHo)A ZnTl FAA wdo
7k ek AFE 9] leukemia AEQI MOLT—49 THP-1 Al 15—
30uM otdle g3t A$ ZnTl mRNA F50] 12-20H] Fo#o 7

Z7t8k9lth(Overbeck et al, 2008). Ax AW ozl 94|

-

Ao T olgdt AT HIE=dH, 19-314  FHS dAE

I (n=9)% Aoz Fo| 15mgd ofdE  Zinc Sulfate

(ZnS0,) ¢ FH=Z 1097 A¥3tH leukocyte ZnTl mRNA F+5
28
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v
ot
z

A3, ofd ®BFA I F ZnTl mRNA 5ol 2.54
T oz Tkt (Aydemir et al, 2006). ole] 7]&9 A4E
3l ZnT1Z o] ofd A3 & & WY

o A7},

b okl gk

ol

ZnT1% 22, ZnT2x 2%, 1, A3 2 A 5 Add x40

Eavl 7 249 AT 299 ofd 3 Faach AAL,

Shis

ZnT1% w72 71€ 25 (rat) A (Liuzzi et al, 2001) o)A
ofel A3 2ol (KIlmg Zn/kg) & A& AF 24S x3st A%, 1t
59 ZAA ZnT2 42 wdo] 7FA4skla, 1 ofd 20](180mg

Zn/kg)E Asdd A ZnT2 82 @do] Frigit. BT A%

>

F 7F ZAME ZnTIRG ZnT2 442 @gd F3o] o &
o7 yepgth AN ofd I fACl tie ZnT29 9T

o# 2 v}7b 9t} (Lichten and Cousins, 2009).

ZnT32 ¥ & ud Fo wxse 53 FHI

i

& v} (hippocampus) & I 4 (cortex) % AFA AFA uho] E I3}
(Palmiter et al, 1996). stA|9h, ofd Ay W HZFo] W& ZnT3
AR 3 Wskes Bwaud vk gtk ZnT49 &40 4y AE 59
A oy ZHo] Exdth E3] AXE W trans—Golgi network,
endosome %2 7]} 2 Fof E3x3c}t(Liuzzi et al, 2001, Murgia et
al, 1999). Murgia et al(1999)2 AelA F A& AXE (rat

normal kidney; NRK cell) AH¥ g9 old Fx7} F7i¥d
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7nT49 9% trans—golgi networkoll Al AZA U 23xx FEOZ ]

ofe

R

n
oy

o] Z7tsle Aoz Yebgth(Lichten and Cousins, 2009).
AT, 5 (rat) A (Liuzzi et al, 2001)olA o} Ay w& 1

ok Aolg ATl ol MABS el 2%, AP,

’

1o

ZnT4 FAA d o] Afoli= EAEHA] Utk F, ZnT4 o] ofdd

Ao Mgte] JFe wA de JoR Bt

ZnToe AU oy zAe] Fxshd, 53] A p-AEY
secretary granules °|A ZnT5 F3x @do] 71 & Zo=

dH A o (Kambe et al, 2002). AAZ ZnT5 knockout mice”}

gzael vls A p-MES JE oldeE AW xFo] AL
2102 Vet (Palmiter ef al, 2004). ZnTHe AX YolA = A

o

B>
P

A T+ plasma membraneo]| £A5= Ao® dHA Qth 23

Fe

MEZQ  Caco—2 celldldE ZnTH7F F2  Ay¥ A EZ9 (apical

membrane) ] £ & (Cragg et al, 2002, Cragg et al, 2005).

2 AE T Axde] EAlsts ZnToE ofdel & wdo] F7t
= Askth Caco—2 celld] 749 #<F 100uM ZnSo, *# Al ZnTbH

mRNA 0] 28] =789t (Cragg ef al, 2002). 18y ¢ =&
FEQ 200uMe oldE AYI A 23]8 ZnT5 mRNAFF0]

sttt 3 ZnT6+w ZnTo9 Aol =& o=z d#A it}

BN

InT6E 2, ¥, A4 9 el ¥Ea ZnThg A 2 2Ao

¥ Zlog A itk 5ol A2 ZnTh+ ZnT6% 534

Sk



A 3lo] ofol o]Eo] #WoF= Aoz wolh F

A3 9]

trans—golgi

Wedo] 7HE Al HolA e wEle] 7t
of 9]X]8}e] golgi apparatus FOZE oA 9|

(Kirschke et al, 2003).

AddelM ZnT7 A5 F7F AAAA 4

glaredt). wepy o
g AT 22 Bolats A

ZnT89 AF HALL-AE 9 3 4 Y Ax

A Az AdoR

o}<1 9]
31t} (Chimienti et al, 2004).
o]

31

network (TGN) ©]

?‘“‘%
o4 A vt (Huang et al, 2002, Kambe et al, 2002).

T3t ZnT7 knockout miced o] &

ofel -kl

td

_"—ll
JgAe Aow

5 A (mice)d tvhekdt

At o F aFH oA

A yr}h T3k golgi apparatus

o)
A

i
ly
K}

SR

<

o] Y] 1L

AAEE] Haa

123 495 BEU & ZnT7S tE ofd &wkA 9}

o2 Holt}(Huang et al., 2007).

ZnT9x= A o8 =4 W Alxd g

o7 Holu,
A‘ﬂ ZE e}

ol

o}z ® g
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ugwny jo 91£003nd] Ut S7 ¥ (9007) v 12 1MwopAy
ugwIny Jo 914003N9[ Ul §7 - (2007) 7 12 221pUY
S1eI JO AQUpDY 29 JOAI] “QUIISOIUI [[eWS Y} Ul 07 -
181 JO ASUPIY 29 JOAI[ “QUIISAUL [[BWISSYI UL SZ W OAIA UI (1002) v 12 1Zznr|
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[190 edoyg U SZ'¥ OI}IA UL (0007) 7v 72 opewidue] ‘s[01S9A ‘oueiquiow ewse[d- snojmbiqn 11Uz
uone[n3ay Apmg (1eak) J0yINYy uonnqLISIp ANSSI],

LUz JO uonen3ay pue UOHNLIISIP ANSSI], *G S[qe L
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2.2. Z1p family

Zip familyells= & 14719 ofd 97} &A1t} (Lichten and
Cousins, 2009). Z+7zte] AW 3 9 ofel Ay 4 HFo| wE Zip

family 2] @& W3S Table 6] YERYSITH

Zipl oy utpekst xz W opoFst FEol Ao FaEsit)
AW M E (K562 cell) oA ZiplS plasma membrane®l| <33}

ofdel  Feel wefdu At A @@ BEy A E(THP-

Oll

DelA ofd A % Zipl Az 2do] A, W E
TPEN [N,N,N9,N9—tetrakis (2—pyridylmethyl) ethylenediamine] &
Aelato] ofd nz AErE © Fol= Zip 1 FAA wEo] Frbshe
A0 2 YEFTH(Gaither er al, 2001). 20-244 2 /9 (n=15) 7}
64=754 =9l o (n=10)= W= 2793t zinc gluconate
JEZ tFeol 22mg ofds HEFe A, leukocyte Zipl FH=
o] Z47F 17%, 21% w822 7431 th (Andree ef al, 2002).

Zip2% Zipl® Zo] 24 7+ 9 leukocyted} 7S HH MEo] F2

X3 TPEN Azdto] ofd 1z Fejzk € §4 94 Hdy

Al

P

ol  THP-1 celldld Zip2 GAx nrgo] HoHowm
F7bakSit (Cao et al, 2001). Zip3& &5 9 H[Fe] FEdhe
Aoz d#A glonm THP-1 cell]Ad TPEN Agsdto] ofdl 17

AEi7E B % Zip3 mRNAG9] S7F8Fth (Lichten and Cousins,
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2009). T3 19-314 AL HAAT AL U eRE  zinc

w
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w
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1o
ot
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tll
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ol
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s

A5t A3t AF F Zip3 mRNA

o
o
=5
o
o
<
o
N
S
w
3
=
z,
>
I
N
tlo
rJ

a8k ok (Aydemir et al, 2006).

Z718te AL AZEA Tt (Dufner—Beattie et al, 2003). Ziphe
FAreE ez deA v A4 M) 84% A&
AAst= Aoz BHuEA(Wang ef al, 2002). Zipd 9l vizt7iA =

2% 2 e MR 1 23, A% SI4 wEed. s

N
o]
=~
fo
e
(e}
o
2
ftlo
)
i)
ol
(o3

FS AT FH(mice) oA &2 71A
A 329 (basolateral membrane) oA @A E W, ofd A Al WA
AAE NE YFZ olsstes Ao Z KAtk (Dufner—Beattie et al,
2004). webA Zipb: Zipdsh Wl WES A&t Al ofd
FEHE A Qb ddsts 98-S ks Ao E B (Wang ef al,

2004).

Zip6L kel A ESQ MCF-7% ZR-75 cello|A] oAE=Z7

T 2R 93 wao] x4 HE FolstYtt(Manning et al, 1988).

liq—ﬂ]»/\ﬂ Z\—EﬂiO]E ii%oﬂ ?_]_Z:]x'l’ Aﬂ]:,j_q_ x]_%'-’ S A El @‘:ﬁ{\j %oﬂ
aee, Fr ALTAA ofdg AL YR o]FATE dBe dt

Aoz dHA QP (Taylor er al, 2003). 2o] ofad A3

o
{o

34



#aAgel dg A7 Hud vk glov, Zip6rh Wl el wE

old A FA o] #ojsle o7 ®welth(Kitamura ef al, 2006).

Zip7< gl xZFe #xstw MXEX U ofd FLE T
askS sttd. SHA|WF Zip72  plasma membrane®| ©ofd,  golgi
apparatus®] X3t A Y oS AXEAR olFAT|= dES

st A0 F HAAY(Taylor et al, 2007). T3t AHA Ayl AEQ]

TS =A% A, Zip79 AR HHo= Wy gglon, vy
FEo tardte 4SS B9t (Huang e al, 2005)

Zip8< F= #H, A, 7 o, 2% ¢ oy 2 ddHH,
2o ofdd A ete] #EAel the A= vwHlsty, LPSY TNF o )
g2 95 ks mRACl o8 ddol HRH= AoR HuEy

ot} (Begum et al, 2002). Zipl0¢ A$= MTFE-1¢] 9&) 2do)

g

=25 ZnT13 2@, MTF-1o & 2do] A= o=z
A Qo (Wimmer ef al, 2005). & oF 43 A] Zipl09] & o]

7FE Aoz Roxy ofdf gk A7 viHg Ao
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Aol A9E F3 ZnT family & 82 $d3} ofd wF 4l A
kel SoAel #BA Y= AL ZnTl, ZnT2, ZnT5, ZnTé6,

ZnT70lth. dtA 9t ZnT5, ZnT6, ZnT79 7S in vitro Ad=

A& Eo] in vivo Aol Fed o=z wely, 7 Fus] A4t
A&E ZnT19 ASE AA AYPoA ofd BZF 3} 7|3te] wat

F9Ae #AZ A= AL Zipl-ZipbE Webwth AR Zipldt
Zip3< ALstis FE in vitro AR JYFo FE T oA
kul

ddelk olgl 2 #AE AT vt o

37




ofdd AL w7t &S xYste Alo®E dHA Stk ofdE
et EAlsts ofd  F% @A (metalloprotein) @l gustin

(carbonic anhydrase V1) &A% Ao H2Z ol Aot} g

gustin®] #u] Zit n|Z45 $719 S5 sk @ &4 wado] gk

weba ol AF A, Bt gusting E8|7F oA Hi, g4 A

TAZE AA B A sgo] #ASHA ¥k (Henkin ef al, 1999).

7]1&9) ofdd oJokateE U AT QX 9te] BA ] thst AFE Table
7o) YeERgQtE 712 AF (Wright ef al, 1981) ¢4 5%¢ 21-30A4

#e HACA ok A9 20](0.25mg Zn/day) HH F, &ute] dist

AL WE goo, ARel 9# 2At fUHoE Webde
selstgieh, 55-9041 A 4 3859 dom @ ATl

APT ol FEg AR A4 Aol FUAH B WAS AL

J

gl th (Stewart—Knox et al, 2005). T3 u|zb 7]%50] £31d
70-87A =& oz 3 Ao A (Stewart—Knox et al, 2008),
ol HEAl A3 (30mg Zn/day) ¥, Zutel thdt A7} F7bsqitt
T Wb ol HEA AFH F, w5 Alnh &gkl g Q1A 9
Waks vEA stk

Yamagata et al, 2003) S iAoz 3 A%, ofd HE=A A3

S} 2} (Takeda et al, 2004,

=)
N
N
o
>
>
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McDaid et al(2007) ATF-olA 2672 20-40A4 o3z A< 2o
ofd AFet Ao AA o {FYHA %o FAE KA ol

A A el vehbd o Zom wasgic.

T3, Y =F AHA AL B olo] 9] ofd FoktHel Tt
Ao A e A% Ru¥ vk Slvl, 162W9] B 4Pl
81.5L7.0 e =} ololgs Aoz 3 Aol w7kt ofd
EE7F W ofolE(< 1.68 pmol/g) ol AT A A2 FH 5Tt
8.75 mmol, W7t oA L7} ¥ ofo]&(= 1.68 pmol/g) 9
Ak A 9x9 F4eE 3.75 mmolE ofd e FA G

oto] =] ATt A JA7F oA o7 Fokth(Cavan et al, 1993).

A4+ Yoon et al (2000) A77F A FYE¥ %38tk Yoon et
Al (20000 ATl wd7l oA (71.3+7.74,  n=59)3
oty (22.3£2.84, n=59)9 ot Pk HE vlwst 1o wE
7k 7158 zbolE Egkth Aubel] g A& xRV W Hd7]

Y RFAA ofd 4HFol kEFE, Rol A BE Z A}
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Table 7. Studies on association between zinc status and salty taste

acuity

Author

Subjects

Result

Wright et al. (1981)

Cavan et al. (1993)

Yoon et al. (2000)

Yamagata et al.
(2003)

Stewart-Knox et al.

(2005)

McDaid et al.
(2007)

Stewart-Knox et al.

(2008)

5 young men aged
21-30 yr

162 Guatemalan
children aged
81.5£7.0 mo

59 old women
aged 71.3T7.7 yr
& 59 young
women aged
2231728 yr

12 patients with
taste disorder aged
613 yr

385 older
European adults
aged 55-90 yr

50 young adults
aged 20-40 yr

199 healthy older
adults aged 70-87

yr

The intensity ratings NaCl solutions were
significantly lower during zinc depletion
(0.25 mg Zn/day)

Bitterness perception was not altered with
zinc depletion

Median of recognition thresholds for salt in
those children with hair zinc < 1.68

1 mol/g was higher (p < 0.05) than those of
their counterparts with hair zinc = 1.68
©mol/g

The lower the taste thresholds for salty
taste, the higher the average dietary zinc
intake in old and young women

Although there was no significant
correlation, the increase in taste thresholds
was detected in many patients after
chemotherapy with an intravenous drip
infusion including zinc

Erythrocyte zinc status was positively
associated with salty acuity (p=0.012)

Higher dietary zinc intake was associated
with better salty taste acuity in female
(p=0.017)

Salt taste acuity was greater in response to
Zn (30 mg) than placebo post-intervention
There was no apparent change in acuity for
sweet, sour or bitter taste in response to Zn
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4. aENaC F3x o343 79k A

AT FAH 7E9 HAdg A % 84 FAx oEAdo]l
A9} THo] Q= Ao RuFHm vk 53] Aol &y
ko] thet A= wWol By Hu d+d, Kim et al(2003) 9

A A &uk =EAQ T2R @A s FH2k2] taste 2 receptor
38(TAS2R38) S +#2 wWol7} phenylthiocarbamide (PTC) 9} %

29 BAe o 24 AXel L Fr go] FARAUL £

I\
fi
e
>3
-
ofo
i—'@
1o
12
ek
o

T1R29 TI1R3 heterodimer wral#o
gat=d, g FAAQ TASIR29F TASIR39 WHolzt A A3
2 A (sucrose) ol tidh Bk A9} FEAo] =2 oz ®WuHTh

(Fushan et al., 2009, Eny et al., 2010).

mukel A= epithelial sodium channel(ENaC) 7} %S =
Ao 7 HI¥3 3t} (Shigemura et al, 2008, Chandrashekar et al,
2010). ENaCe EAf-FolA A ofve} vz AXoAt Hd L7}

=& sodium—specific salt taste receptor® <& A 2t} ENaCe
a—, B—, r— 9 A 7FA subunite] EAH, 53] uFHAHE Yo
a — subunite] 7Fg o] WdxE= Aow dyA 3th(DeSimone ef
al, 2006). o& EfFFEC] e A7NA, olwA<Qd amiloride”}
ENaC z2bdAlz 283t amiloridee] ¢Jal ENaC #-go] Atghew
HZHAE U YEFS olFs v, A3t YEFO g % AAE
AAst= Aox BHuxil Slth(Hellekant ef al, 1991, Henkin et al.,
41
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1999, Lin et al, 1999). Xenopus oocytesZ ©]&3F ¢7-ofA
ENaC9 @do] YEF ol5S SAA7+= Ao & YERTH(Stihler ef
al, 2008). 71€¢ %% (mice) A3 (Shigemura er al, 2008)°]A

gake] st §E%-o] ENaC o —subunit®] 42 wWolo we} depg s

o

e}

R4

Atk A AFgeA el ¢ENaC #3A tgAo] xube

ol
L

A= Gl thaf 2 A AR AR o

ENaC 82 @Az 71 Au ¢ 212 BENaC C—-2whe]
Th94MO2  F2  ZAeAMT Uehdth(Baker er al, 1998).
BENaC ¢ AX 9 loopolA G442V H474 wWHolx 2AEOY
AA] Sl 424 tEAdol RauEGtk(Persu et al, 1998).
BE dFolA F4d4 Wol7b ety A2 ENaC a—subunit COOH

ko] EA 8= oENaC A663T fdAfolty, Sol wol ¥ oz}

A663 alleled WE&= WMell 309, 2L 15%, dE A=
58~64%, 9 ALE= 40~43% AZo|th AR o}A A

shrol S Ao ® ¢ENaC A663T 47 tsAe A% d4s=

aENaC A663T F7x8o] ENaCe &Ad #HAojste= Zlo=z
HuEa Qg 53], wild—type?! oA663—ENaCe] H]w 3}
mutant—type?l oT663—ENaC7} €43t 7Z$, ENaC9 % whgo]
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T7HE AL, HEFS 35e w940 R wole AoE RIiHY F
aENaC T663 allele H3F AF&o] gENaC AA homozygotes H.f-3F
AP ET =2 ENaC 84S 7HAe A2 HAth(Samaha ef al,
2004, Yan et al, 2006, Tong et al, 2006). 7]& A+ (Ambrosius et
al, 1999, Sugiyama et al, 2001)°)4, o]#|st «ENaC A663T
A7 Wolzh ndshky #¥o] e Aow YA doveENaC
AGB3THAA thgAol Aok QAo wA= Fio] dhst A4+

A v glek
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Lumen

( / p G442V
| !I (B~10-30%; W~0%)

B T594M
(B~5%:; W~0%)

PY motif \

Intracellular

o AGB3T
(B~13%; W~30%)

Figure 3. The locations along the subunits of representative
molecular variants

Allele frequencies are in brackets; B, black; W, white.

Source: Pratt, J. H. (2005). Central role for ENaC in development of hypertension. J Am
Soc Nephrol, 16, 3154-9.
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E
TAHE) 2 odEA ) gl Py Wit ofd dHHE 47
6.5+£3.7, 7.3%4.4, 11.4+3.1 mg2@ AIdE HF9Hd Aoz}
EAEY. 1 GA =l dd AR F (Recommended Daily
Allowance, RDA) tH] 54, 62, 95%° #ld3dt= AFHFo|th(Lee er
al, 2004b). gt 20049 3= AV|IE AY FE(o]FT iAW),
TANEFEAD)  AYGE Ao ofd YUEHE ¥ E A
w29 (Choi et al, 2005), AA tha#te] ofal

7.9%3.8mge| 3 11, qdY B4 (RDA) i 1] AFRE>
73.1£33.9%% ot AdH Aol EAskA &gkt aH
okl AR AAF v 75% vwweR AHse A H&e
AAH o R 63.8%0101, EACAE 67.5% FEAH= 54.7%%

¥& A9 ARE Rt B4 A9 ARE F 75% v 4H v)go|

A

A5E o]&3 Shim er al(2009)8 A7, 209 o] HAd] of<d

N

AFFE 7.9~11.2mg/d=E, 65-744 VA 754 o4 EA 9 ofd

N

qHol N HAF v 98.9%, 98.8%2 e Aol e 22

e

Holleh, 20t o) e ofd HIAFE 5.4~7.7mg/d=
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Aol mlel o ofd ATl Ao HWetow, o Al
Wt A" B AB A okl A7 A div] 77.1~98.8% %

AA AAske Ao yeEd 7P HZ ATl 2008d wHEH

[\\)
-}
—_
—_
rL
P

T A&, F5 9 AAAd ol 7 17 o gtaeA

6447 AP (19-294) 5 Aoz 2o] AL 3 A3} (Bae et al,
2012), B¢ Aol od AFHE 128mgo® el A
A3 % (Recommended  Nutrient intake; RNDUH]  157.7%¢°l

iFetia, e Hye IR (EAR) vRtew® AFsh= HlE2

YE @ 5 b AT B gob Al okl HABE WS

AARAT A, 20049 = FE, EA A A (Choi er al,
2005) 9] ofd FQo w9 AFES AN, HANY], A3V, AT, B,
A7, g17], $9, 5 59 £22 Yebdi, 2008~2011d7H4]

ZARE b= Al oA (Bae er al, 2012) 9] ofd 2 59 A% 94,

20009 t) oW w84 AFCRZHHY ofd AT S A
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2 4 Aok AN Choi ef al(2005) 9 Bae ef al(2012) 9] A+

BFolA ol T wl A 19 Antolglal, F ookd AT i

4
oX,

g o AFoRFE AFste ode 102 vweR F
AEFORFE AHsks okl HlEo] FFsRT LS S 1

o} 74 wlue},

eyl flstoel =l vEAb-old E ouEe AHRW, AW
309 7+ (19699d-19984) HElAl—oldd & Bl go] LAl A o=
213014 7.60%8 ZAdA, wE AYGoAE 211904 9.7E

Hastqt (Do er  al, 2007). WHO(1996) 7|02  AFEWH,

Ol

Forelel AA7E 1960-70d el obl A o] &Eo] W& A4

.

gglolgirhd 8-90dtlel SolMEA ol A o §Fe] i

Aol A dPez waHddn & 5 YAt SHw H2

Srele] AwAQl o] ofdd W elib-oldl T B &S ILeAF Aol
3

ol HF AHE B ATE 271 ok wuA oo Bt
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1999), Hv 9% ofd v%+ 72 11.8 pmol/L, 14.8 gmol/L3IT .

g3 oldel 7]=x<2 10.7 £mol/L(Gibson et al, 2008)mn]4kel

EAREE) Bt EAI(H) el

of
=
1o
ot
4
ek
o
K=
2
off
k
e

>

12.4~18.3 pmol/LZ 71FAE A3ttt (Lee et al, 2004b). dFA| vk

[e:

A2 dolezt glol A @A WA okl FEL BF ok

Jopgelel o S & 5 glet

A2 HHy R ool foAQ Fo #AE e o=
Uetuttk (Kwon ef al, 2007). T3t 22 AFo|x ofd BE=A AlF
d fAx e SFo WIE Aun

St} Andree et al

(2004)¢] Aeld 20-244 &2 ol (n=15), 64-754 x<l

AN (n=10)S WA OS2 zinc gluconate FEHZ dF 22mg ofdS
28U7F A|F3 F leukocyte ZnT13 Zipl 3z #de Ay
A, e o34 9 =9l Ao EF leukocyte Zipl? W0l

17~21% Aoz 7FAasth.  Lee et al(2004a) 2 AToA=

19-244 9yY A (d n=2, 9 n=3)S HAO=E zinc gluconate
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Omg oFd& 14947 Al &gt
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kel
T

mononuclear cell® MT

v Ay, MTe 2do] ot BgA A3 5 4.74

A 2ol &



Hwke v gz AW 2ol FAHE RS et Al
Fo 2A BA Tl stuolth. Ad 10d7r oF 19 23] sk
AbgrEolAA wiRE A Aol H H It (WHO, 2000b). 20104

|, et 194 o oAt
el A 1998delA 2010744 wIwk fHEEC] oF 25.1%¢A
T HE ol fAHE FEoldod, WA g nw

FHES 25.1%°14 36.2%% °F 10% ©14 F7Fskth Bl oA

ol
offt

AKCDC, 2011)el wW=

g5 9 35 d7d Aol & wutete, o yoprt 12 A
duAdS, T, ndG 9 4 & AL A 24 99
Z7vell 7]o38tck(Caterson et al, 2004, Salvetti et al, 2008,
Torgerson et al, 2002). Tgt H oy AFeA HlFlo] ofd&

Eee m)E ook AYS Eutele Ao ® UERYTH(Ennes Dourado

2w AEE ooz @ olg ATeld A okdl Aeg
wsbe] gl thal A7 feh(Table 8). 1AW Aol mi
FA G (sucrose) AolE Fd HTHE FEst FE R (mice) oA
o) 5} oA o
ok ofdd HEOo® ol AW zAo| BAidE Aow eyt
(Chen et al, 1996, Tallman et al, 2003, Chen et al, 2000a).
Padmavathi et a/(2009)9] 7oA ofd AFAE = ofn
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A (rat) oA el A7) A AA vjgo] F7hskiaL, AAWY (lean

body mass) & 43T,

gez g AgolA ofd FFETE ATA I Bl
Ze Ao E YeEH(Table 9). e %ete] Hv €90] 81.5 /€4
HUY ololgE T 1629 (A 897, A 73W) & HdeE o
ATl A (Cavan et al, 1993) Hg7tet ofd skl we} F+ 150 %
eols o, HEgke obd w7 W 15 (<1.68 pmol/g)ol
el wlEl A% din] AlF (weight—for—height) o] st Z score’}
Aoz w3t wAA=Y AZE 114 ofols F 520WE

Hyge® @ AL mEgkE ofd wR7E W

&

=
&

(<2.44 pmol/g) o] ool 50l x> L& oflSRT FoHOR ATl

fr

o FHa, A A% WA (mid—upper—arm fat area) 7} ¥ Ao
LEbstth(Gibson et al, 2000). B2} o] 7—144 vlRk ofo] &3} A4
As ofolss Bluwd Ageld, % 2 Ady ol ofd F&7H
HI Rk oA o)A 02 vkttt (Marreiro ef al, 2004). 5 AW ofd
He otol5d AAY 9 AT FAHd 9 #AE 7=

ualth A% 7299 18-36719 B A v ofo]5L

) o.?;
o
K

=
o:

dor T AveMde 2 okd wke A4 e #9

B
=

A7 YRR gkt (Weisstaub ef al., 2007).

Al o
Y

fijo
o,

Aoz 3t Ao oje} 2 AV FUSA YERT
(Table 9). Q%9 25-644 YA Aol 850W= ©joe=z st
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A (Singh et al, 1998) 4 ofd Aol AA v& F7F 9 55
HiRke] 9 Qdlo® yeut T3 #AST T vivk @y Al

% Ee AEF ul okd % ¥ CuZn-SOD #4o] A%

)
of

Agole] mlE foFor o Aoz WuHH(Ennes Dourado

Ferro et al., 2011, Ozata et al, 2002, Tungtrongchitr et al., 2003).

HiRRle Al okl Aol YEfE 49 54 2
ofddo] ‘7 (sequestration)” ¥of 7] wWElo®E  &EA ok
(Begin—Heick er al, 1985). otd2 & o4 MT9 ZAgHof
Atk MTi= obdel A= FAol F7FEY corticoid ZEEo]

HjgkolA o] FEEe w7}

olelg mixte Aol AW ofd AJEie] WEIE obd HbAl EH
HstE 7hd & Zlo® Rolu ofdf thd = =53] =&t Smidt

et al. 2] A7-(2007) A v]9 o443 (36.9+9.44], n=12) 2] A 334

2

W g2 ofd RbA 3 wdol A AT A (43.4£9.44,
n=12) 3 vluste] FoHoE w3 AS Flsgloyt AW 7
ZE Atk FAEES 7HY 3 dos Santos Rocha ef al.(2011)
o] Ao -+= v|Wk oA (20-564], n=55) 9 leukocyte MT¥} ZnTl,
Zipl¥} Zip3 ofd HbAl A Tds SA Ay, MTe ddo]

o

=

ofd guART 853 ¥ FAsdFo ww g w2

i
Ho
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Table 8. Studies on association between zinc status and body
composition in animals studies

Author Subjects Result
Chen et al. * ob/ob mice * Lower serum zinc level in ob/ob
(1996) * High fat-induced mice and dietary obese mice

obese mice
Chen et al. - Sucrose-induced obese * Lower serum zinc level in sucrose-
(2000a) mice induced obese mice
Tallman et al. - High fat-induced - Lower adipose zinc level in high fat-
(2003) obese C57BL/6J mice induced obese C57BL/6J mice
Padmavathi et al. - The offspring from - Increased the percentage of body fat
(2009) female Wistar rats with ~ and decreased lean mass in offspring

zinc-restricted diet by the effect of maternal zinc

restriction
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Table 9. Studies on association between zinc status and body
composition in human studies

Author Subjects Result

Cavan et al. (1993)

Gibson et al. (2000)

Marreiro et al. (2004)

Weisstaub et al. (2007) -

Singh et al. (1998)

Ozata et al. (2002)

Tungtrongchitr et al.
(2003)

Ennes Dourado Ferro

etal (2011)

162 Guatemalan
children aged
81.5+7.0 mo

* 520 New Zealand

children aged 11 yr

* obese children and

adolescents aged 7-
14 yr

72 Chilean obese
preschool children

+ 850 Indian male aged

25-64 yr

66 Turkish obese

men aged 49.1£17 yr

- overweight and obese

subjects in Thailand
(51 male & 190
female)

* 73 premenopausal

women, aged 20-50
yr

- Higher weight-for-height Z score

in low  hair zinc

(<1.68pumol/g)

group

- Higher body weight and mid-

upper-arm fat area in low hair zinc
group (<2.44umol/g)

- Lower serum and erythrocyte zinc

level in obese children and
adolescents

* No association between plasma

zinc and body composition in
obese children

+ The association of micronutrient

deficiency with high body fat and
central obesity

- Lower erythrocyte zinc and CuZn-

SOD level in obese men

+ Lower serum zinc and SOD level

in overweight and obese subjects

* Low erythrocyte zinc level in

obese subjects

SOD, superoxide dismutase
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. 47+ 1: A4 AsF HH 49
leukocyte oFd WHAl #7242 &d v

1 A&

ARk WA o ® AAY 270 FAH= AS oty AA F

A EA Fo ditoltt. A 10d7 ¢k 19 29 Ate

Aty Q) Z7}e] 7)ol dkth (Caterson et al, 2004, Salvetti et al,
2008, Torgerson et al, 2002). T3 H ojg] AT-oa] nBluto]

Sukahs Aow Yk

obAe MER oY vF JFi 27

RS

o

(Ennes Dourado Ferro et al, 2011, Garcia et al, 2009, Kimmons et

al., 2006).
bl Fo wF dPaol dm Esd B4, Wl Fx9

T 7wl dofdtt. ofde Ay Aol oj2d AF Ad, A 4=

A 7rE Al

s A7 PQ-OH, Hadg 7hah Sof 3 7+ =9 dAHA

ZA7F Yebdth(Hambidge, 2000). H]9F A<l 2 ojo] &
bAoA gAY g3, 94 W HdF o ofde % % SOD

ol AL AT Hld weHer HWE o] AFHIY

o
=
o
o
il
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(Tungtrongchitr et al, 2003, Marreiro et al, 2004). = Y&
ATz AW ofd =7 @2 ofo]l=o] AW ofd R} H&
ofo] o Hl&l] 417 thn] A% (weight—for height) % AAW FA 7}t
fFoAow o 5 Ao Uetsth(Cavan et al, 1993, Gibson et al.,

2000).

EF AT o] ATE Bl A okl Aol weh okl wA

FAA HFo] x4 HE= RAow dHA Jvk(Gibson et al, 2008).
Aol EAet= ofd $RkAlE= ZnT(SLC30) family ¢t Zip (SLC39)

family & $7F =, ZnT familyx= AXE U o}dS AE 9 =& AX
Y Agoz o]lFAA AX Y ofd FEE 93 988 a1, Zip

familys ZnTg} W2 AX 9] &= A

el
=
[
of
1o,
2
r o
ftlo
=,
e
i)
i

olFAIA AHE U ofd sEE TV 9FE sith dAEA,
o= ZnT family”7} 10, Zip familys= 14%0] £Ast= o=

=
T
HuE 3 9tk(Lichten ef al, 2009). A< YA T oS o w

¢

3t AgtoA ol HFA A3 F leukocyte ZnT1¥ Zipl T2 o}
A deo] FoA o7 Wslel= S At (Andree et al,

2004, Aydemir et al., 2006).

Se o4k wRkele] ofgd gkl AR wdel @ A

ujn gk AAgolty. Smidt er al(2007)9 AFolA mRE o9 A

AE W ol WAl A wdo]l A AT ool Wlel oA o R
S e s A AW Alxe] =EEdte Al
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7}21t}. dos Santos Rocha ef a/ (2011) 9] Aol A &= B9k tjd=}9]
leukocyte MT3} ofdd ubAe] wds ZASH A3, MTO 2ol

Ue ofd ewtAlRY 4538 e Aoy dxa glo] HE

i)
b
>
r
2

Tole= 18-284 FA A= vk oA 7+ A
ofd P HIE FH ofd, Aol ofd AHAHE ofY, HREE
leukocyte o}l HHA A Wd JAEE o]&ste] HlwaE| HixA

By
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A

2.1 AT TiAl g A

O 9 AEAGeA 18-284 FHS A F, A4 AT Non-—

obese group)¢l 25943 H|TF(Obese group) 40HWS EH3IS T}

Abe tiaAtel A A9t vk AAFE A4 (Body mass
index; BMD7} 25 kg/m2 o]Aoz A&t (WHO, 2000a).
gAAEY AlA AEF 2 e FHS 93, 39 o] JIEAE

o] g% Aol HA AN 1241 ¥

J
gk
12
\]
N
>,
=
B>
('
>
-
o
off
ok

Asherd AAg Adstgdth 2 AT BE R4S A9 & A

A239) $Ag wop WA,

11252, Japan) & o] &34, Als @ AAY A F547] (Inbody
3.0, Biospace Co., Korea)E o|&3te] =43t} 2| A &
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2] (Allegra 6R, Beckman Coulter, USA) g} 4 A7}A] —70TC ]

Byt 24 ARE 22 Eddd &7l AFHsA, FAE

=Hsty BFate] BA A7bA -20Ceo] 2#edct Kim et al,
2004). @33 AW o}lel FE+ atomic absorption spectrometry

(AAS 600, Perkin Elmer) & ©]-§3to] 453tk £/ creatinine &
Jaffe WE3-& o] g3sto] F4ste] (Jacobs et al, 1945), &W o
S5E lmg creatinine @ oFl $EE ikste] A o] &3l
Serum superoxide dismutase (SOD) +X+ SOD assay Kkit
(Cayman Chemical Company, USA)Z o]&3lo], &% alkaline
phosphatase level(ALP)< automated analyzer (ADVIA 2400,
Japan) & ol&3ate] EAEUY. 1 & I AxnQl, ¥E FA A4 4
= ZY2"HE% automated analyzer (ADVIA 2400, Japan)&
o] g3ate] AL, ¥ Ql&EdL chemiluminescent immunoassay
method Z, leptin %% human leptin kit (Linco Research Inc.,
USA)o]&3td(Ma et al, 1996), adiponectin %%+ human
adiponectin kit (R&D Systems, USA) ] €34 immunoassay & =4

5 A

2.5 Leukocyte total RNA F% 9 real—time PCR +4]

1.5ml A& QIAamp RNA blood kit (Qiagen, USA) S o] &3}

leukocyted total RNAE F=3}3t} (Andree et al, 2004). F=73t
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RNAS % % %+ %335 Nanodrop (Thermo, USA)&
ol-g3to] 260nm¢$t 280nm IFlAM FFEE SAHSE o,
260nm/280nm ratio’t 1.8 ©]4%l RNA AMERE o]F 4
AREEHTE (B4 AT n=20, ¥ n=35). 0.15ug total RNAS}
PrimeScriptTM RT reagent kit (Takara, Japan) & ©]&3}lo] cDNAZ
A5ttt A4 real-time PCR (SYBR Green assay) 48 %3,
obel £uHAl ZnT 9%, Zip 14F 3 MT, okl &ukal, GAPDHS @4
AEE ST EAel ol &3 MT, ofd A 3 GAPDH
primer sequencei= Table 10°] YeRHAtt MT % ofd 24kA 9]
AtfA el 3T GAPDHZE reference genel @ &Fo] ¢4 4Ct
(Ctiargei—Ctrer, Cti cycle number) S AAFeta 279%%x10'S o] &&}o]
107" GAPDH % 3l¥ gened HIEZ YeUTH (Andree ef al,

2004).
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Table 10. Primers used in real—time PCR

Primer Sequence

Gene
Forward Reverse
GAPDH CAG CCG CAT CTT CTT TTG GCC CAA TAC GAC CAA ATC
MT ATG GAC CCC AAC TGC TCC TCA GGC ACA GCA GCTGCAC
ZnT1 GCA TCA GTT TAT GAG GCT GGT CCT CAG GCT GAA TGG TAG TAG CGT GAA
ZnT2 CTG GCC TTT GCC TTT ATG AAT CTG GGA CAC TCT CAG GGC AAC AGA AGT
ZnT3 ATG GTC ACT GGC ATC CTC CTG TA AGA TGG AGA AGA GGA ATGCTG A
ZnT4 TGT TAA CTG ACC TAA GCG CCA TCA GGT TAC GTT CAC ACC CAG AAC CTC
ZnTS GGA GGC ATG AAT GCT AAC ATG AGG GTG GAT ACG ATC ACA CCA ATG CTG
ZnT6 CCC ATG AGT GTG TAC AGT GGG AAA GCA TTG GGA TTA CGT GAT GAT CTG
ZnT7 AGA GGG TAC AGC AGT TGC AAG GAG AAA GCA GTA ACG GCT GAC TCT ACC
ZnT8 TAC GAT GCA CTC ACT CAC CAT TCA AGC TGT TAC TTC GGC TCC ACT CAG
ZnT9 TTG CCT GGA TTT ATA CCG GTT CAG CCG AGC ATT CCT ACG AAG TTC ATT
Zipl GAT TGG GGA AGA CAC TTG ACT GCT GAA AGA GGA AGG GGA TTT GTT TGG
Zip2 CCCTTG TCC TCT TGC TGT CAC TCT AGC TCC CGT GGA AGA ATT TCT AGG
Zip3 GTG GAG ATA TGA GGA CCC CCT GTT GAT GAA CTC AGC GCT AAC CGA TCT
Zip4 AGA CTG AGC CCA GAG TTG AGG CTA TGT CGC AGA GTG CTA CGT AGA GGA
Zip5 GAG CAG GAG CAG AAC CATTAC CTG CAA TGA GTG GTC CAG CAA CAG AAG
Zip6 CTA AGC CAT GAA GAA CCA GCA ATG GAG AAT CAA AGT GGG AGG GCT CTT
Zip7 ACT GAA GGA GGA GCA GTG GGC AGT AGG CCC TAA TGC CAA AGT AAC CAT
Zip8 CCT CGG ATT GAT TTT GAC TCC ACT AGC AGG ATT TGC ATA GAC TGT CAC
Zip9 GCC TAA AGA ACT GGA AAG CCC ACT GTG TTT CAC TTG CTT GGT GGT GTT
Zipl0 TAG CCG TCT TCT GTC ATG AAC TGC TCA TAG AGG GCA ATC ACC AGC ATA
Zipll TCT CCT AAG CAT TTT GGT GGC CTA TCT CTT CTT TCC ACA GGG CTC ACT
Zipl2 CAA CCA CTC AAG AAG CCT CAT CAA AAG TAC TGC CTG GTG AAA GCC AAG
Zip13 AAG AAG ATC GGG CTC CTG ACA AC GAG AAC AGC ACC ATT ACC ACG ATG
Zipl4 CAT TTG GTT TCA ACC CTC TGG AAG TTT CAG CCA GTA GCA AGC ACT CTG
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2.6 FAT

BE EAEALS SAS 9.3 (SAS Institute Inc., USA) . &

] ¢o} 1]

o
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Wilcoxon rank sum tests
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A Al BMIZ 24

P 2] A
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3.1 A% ATy vinkre] dwbd 54
g A%

digabe] dnkA 54 ofdl ofokte W dd Ax 4 A%E
Table 11 uetisich. AA did=e] H+t dole 21A4A=, 44
AFa vwke 5 25 3 A" Aol EAlEHA gt vlwE e
AA%E  AFBMDE  28.2+0.5kg/m? A AFTY AAHF
A BMDE 20.8%0.2kg/m?2 Hgkrel AAH 257t FoHoR
=T (p<0.0001). wIWEe AAWE, I, Y BA= F
Aol vl fFefdo®: Eqth (p<0.00D). F IF H oA

AFAE v 9807 =gttt (p<0.01).

2ol ofd A, A ofd, &AW ofd FReo| WE F 15 It ofd
FAEFEH Y o4 Aol Holzx okt Wi dF SOD 9 ALP
3L F w1 FYZQd AolE HAg 8% SOD S
kol G Ado s @Peka(p=0.02), 3 ALP A& ulukoA

%
frod oz wA vetdth (p=0.04).

709 g Axd ¥H TG, T FU2HE 9 ded vEE AN
A Brh vgktollA feldoz =9kt (p<0.05). Eg F 1
b adipokine® FEE FYAQl Aolg: HEH, AN ATTH
njato] kLol M leptin FFEE 298] fFoFow =

(p<0.0001), adiponectin < 1.68] F40=2 ot} (p=0.03).
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Table 11. Characteristics of non—obese and obese women

Non-obese (n=25)

Obese (n=40)

Mean SEM (Range) Mean SEM (Range) i

General characteristics
Age (yr) 206 04 (18-24) 208 03 (18-28) NS
BMI (kg/m?) 208 02 (18.7-22.7) 282 05 (25.6-39.1)  <.0001
Body fat (%) 151 05 (8.7-20.6) 276 0.8 (22.3-42.9) <0001
SBP (mmHg) 1080 19 (18212_) 1192 16 (12()900(; <.001
DBP(mmHg 699 15 (58.0-82.0) 78.0 11 (64.0-89.5 <001
Waist (cm) 69.6 0.8 (64.0-78.0) 89.1 13 (74.0-118.0) <0001
Dietary intake
Energy (kcal) 1463.6 909 266772985) 1769.1  77.5 %?97) 0.01
Zinc intake (mg/d) 6.8 07 (2.5-16.6) 75 04  (3.5-14.2) 0.09

(mg/1000kcal) 4.7 04 (1.9-13.7) 43 02 (2.9-6.5) NS
Zinc status indicators
Serum zinc (umol/L) 131 05 (7.8-17.3) 134 04 (8.1-18.1) NS
gl?;;:;aﬁme) 044 004 (0.18-089) 039 004 (0.11-098) NS
SOD (%) 1.8 14 (4.9-30.3) 78 03 (1.0-12.7) 0.02
ALP (IU/L) 520 3.0 (23.0-855) 589 18 (38.0-80.0) 0.04
Blood measurements
(Tr:;/cdyll)glyceml 625 49 (1198%) 1072 187 (46.0-801.0) <001
(Trflzldf)h(’lesm"l 1642 46 ;10291 55) 179.1 55 ;16(;605) 0.03
Insulin (uIU/mL) 5.1 0.5  (1.0-11.6) 121 1.0 (25279) <.0001
Adiponectin(mg/dl) 7.1 L1 (1.0-17.7) 44 05  (0.5-13.8) 0.03
Leptin (ng/ml) 70 06 (2.7-15.0) 200 1.0 (6.1-34.7) <.0001

NS, not significant

a. The difference of variables between non-obese and obese group was examined by

Wilcoxon rank sum test.

66



3.2 AN A= U H]“& 9] leukocyte metallothionein®}

AA th3AE leukocyte MT 2 ol #8HA] A2 285 Figure
4 o et Leukocyte?] MT mRNA F30] ofdd £4bA|
mRNA &0 vla 2538 Eokrh FA4 el o] &3t ofdd kA= ZnT
9% (UnT1~ZnT9)3 Zip 14% (Zipl~Zipld)oloy AA=z =
AMZ M= ZnT3, ZnT8, Zip2, Zipb, Zip8~Zipld FHAAFe] 23 o]
AAE A &ttt leukocyteol A FdEE ZnT family FolA+ ZnTl
mRNA  FFo] 7bE #gtow, I tv&E ZnT6, ZnT9 +Oo=
ekttt Zip family SolA+ Zipl mRNA $Fo] 7H4 &okom, 1

o

dlo

& 7ipb, Zip7 +Co.& ey}

A4 AZE+Y vlvbt 7 leukocyte MT9F ofd w44t
We o] Zfol= Table 12| YESTE Leukocyte MT mRNAZ]
FEe AN AFTol vlE) HwbrolA 47.3% AR ow Ugit)

(p<0.001). thi-E2] ol &4 mRNA FF % H|Whto|A] woron

SOtk T OOF FY BEE Aolrh b 2 okl #RkAlE Zipl
TR, 43 ATl vlE vRkrel Al Zipl mRNA $F°] 70.6%
SHA YERSET (p<0.001). ®¥FE, ZnT7 mRNA 58 t& ofdd
SRl e el 78.1% #YHo®  =A  Yewt

(p<0.0001).
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Figure 4. The expression level of leukocyte metallothionein and
zinc transporters mRNA in total subjects (n=55)
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Table 12. The expression level®? of leukocyte metallothionein and

zinc transporters mRNA between non—obese and obese women

Non-obese (n=20) Obese (n=35) .

Mean SEM Mean SEM P
MT 2158.7 316.6 1138.2 79.7 <.0001
ZnT1 212.1 25.8 2272 7.3 NS
ZNT2 41.8 13.1 30.0 3.9 NS
7nT4 49.5 3.3 25.3 1.1 <.0001
ZnT5 153.2 7.6 90.3 2.1 <.0001
7nT6 189.2 18.6 181.1 9.2 NS
ZnT7 93.1 5.9 165.9 9.2 <.0001
ZnT9 162.6 9.2 134.6 5.6 <.01
Zipl 1046.4 127.0 307.8 12.5 <.0001
Zip3 34.7 3.7 40.6 2.1 NS
Zip4 89.5 5.1 61.6 1.9 <.0001
Zip6 269.8 18.4 215.3 10.8 0.02
Zip7 216.7 26.5 244.9 12.9 NS

NS, not significant

a. The relative expression level of MT and zinc transporters was examined by using
GAPDH as reference gene

b. per 10* GAPDH

c.  The significant difference between non-obese and obese subjects was examined by
Wilcoxon rank sum test
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3.3 AA uidAY AA AS, ofd FHgE W FI
A E 9 leukocyte metallothionein % ofd 24k
A T 7o A #A

F AR (ZnT4, ZnT5, ZnT9, Zipl, Zip4, Zip6) mRNA
T AAZ AFBMD Y o7 & 4 #AE JUEdIL
(p<0.05), AALELE Zip6E Asta =F FoHe &9 A
WAE YERHSIT (p<0.05). 2y HRkol A HEETF FoAHow
=7 deEbdE ofd 2HHAIl ZnT7¢ mRNA & AW
A4 (BMD 9 AATEDR FAA0 ¢ AHAAE eI

(r=0.57, p<0.001; r=0.58, p<0.001).

A4 A leukocyte MT 9 o}

re
Ho
rE
2
o
[
24
i
r_g(_;{
i)

o
<2
re

FordH 7+ dRTAE BMI 2 & AHE Ay Fo4d #A=
A9 YehA kotth w ZnT99 Zip6 mRNA F&& 2w ofd
TR fFoA ko AdAA (r=0.32, p=0.02; r=0.31, p=0.03) =
B, ZnT4 mRNA FF3 ALPZAE fozel ko Aaa/
(r=0.29, p=0.03)= =2t} leukocyte MT % ofd dbx] H-2 =k
HEy g xE 719 #ALE BMI B F Agmglon o7l

Al WA kst

r

o L
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4 uZ

o AgelMes 200 AR AT oA Bt 44 1o Al ofd

ASAE H leukocyte oFd WAl FAz @wE HAEE v|uE
Borth A Al A unk oA THe] ol FLHIE Bl w st

A3, dF ok, Aol ofd A, W ofdd FAHA Aol=
A Fth A4 AsH v oA 7He ofd kAl S

Blmal 2 A, wekrel A o] okl £ubl mRNA SFo

v
=

el o, 53] ZnT4, ZnT5, ZnT9, Zipl, Zip4, Zip6 mRNA 9]

Hlwboll A G4 AlsTol vl oA ow v yEergth v, o E
old $urAle} @ ZnT7 mRNA FF& Hlukto|A FAF A=l

HlE fejd o s EA e

71E el HRE ARl "l ofe]EE o ®E  F AgolA
g 9 B 94 2 A9 Y oldY sk 9 SOD #40]
4% ATl wEl FFoer w2 Zlo]  ZlEgiy
(Tungtrongchitr et al., 2003, Marreiro et al., 2004). T3t A o}
SLETF B ofo]Eo] AWl ofd FL7F H& otolEel Bl A iy
AT (weight—for height) % A FAZE FHoz ¢ F2
202 Yebth (Cavan er al, 1993, Gibson et al, 2000). 218y &
ATeMe A AT vkt e "F ofd, AW ofd, Ao
ot AFe ZE ofd FEEY Aol uEuA A dF

oflZ obdl FFEH B7E Al 7 € AR EHE AR, A
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WAUZ WS EEACE  Agetel WAW okl AT
3mg/day)o] 97 & # wlaH O fAHe] obel Fopay
s}

(Gibson et al, 2008, King, 1990). =3t AW o} wjdsE ofd

o

ke St AW AR AFshA due Hol AVIHIIE

A7 nE:ekd Zadow Aoz AABS FaAA A ok

Fotal o] mE Wb At #79 ofgFol glol Fed ofd
el B ARE AR e @AF daol AXEUY (Gibson et
al, 2008, King, 1990).

& 2 dAFeME agd AEdAE dehs A®el SODY
g/do] mttelA FeH e vrolgtk 7]E Aol M Lk (Ozata et
al, 2002, Tungtrongchitr et al, 2003), B2 thAFzFol| A4 2 e 4
% Wl SOD Fo] fFrozox vad gRlsgitt. ofd 202 Al

a2 F7h= SOD

{m

ArEA AEAAS SR, ol| AbskE A
g9 vopA= R0 yetdtt (Lowe et al, 2009). A%k H]Rke]
A ok AR okt tE A wstE <l AW Atk
AEYAZE F7kste] SOD #Ade]l HolE AR WA &
Yooz SOD @& ol8ste] miwk g A ofd FEE
wshrlofl= F55 wo) gl

o AelME EF ofd, Aol ofd A, &W ofd, SOD &4

)

W49l leukocyte oFA HHAl FAA W AEE A

9o &=



Herth 71E AFoA leukocyted ofd HHAl ¥ ZnT1¥ Zipl

fA49 wdo] Thg

e

o
= A

o

2 B3 ¥t} (Overbeck er al,
2008, Aydemir et al, 2006). ¥ AFoME 7]E AT wpz7FA 2

AA leukocyte oFd WAl = ZnT1¥ Zipl 34 @d F=7}

N

P =4 Jebow, 1 9 ZnT5, ZnT6, ZnT7, Zip6, Zip7 3=}
HE T =2 Holgla, o] 9 V|E AT A FAREE T 28y
Ao A leukocyte ZnT3, ZnT8, Zip2, Zipb, Zip8—14 A=}
W A HA gtk 71E Aol WEW ZnT3S ¥ e 1
Sold F2 ddEY, ZnT8L #HAL-AXNAM, Zipbe F=E
A2FAZAN FHEHE T oofd ubAlvith BRI 29 Aolr)
AE Ao BT (Palmiter et al, 1996). wakA ZnT3, ZnT8,

Zip2, Zipb, Zip8~14 o}l uHkA|9] A9 leukocyteolA e &

2 AR FTLY leukocyt MT 9 o} Lubx] 4=}
o]l ztolE AHE A3t Hv Y leukocyt MT % tfF-&2] o<l

A, 53] ZnT4, ZnT5, ZnT9, Zipl, Zip4, Zip6 mRNA 30

Ao
FE

A% AzTel vlE fFgHoR s gt =g AA

S MT 3 85 obel £ubAl mRNA 53] BMI 3 A48}

oA w9 A #AE JEddY. Smidt er al (2007) 9]
AFNME A 22 Yo ofd ukA @HE FFo] wwkol A FA
Aol vl&l] fFofHor vhg gelsiqlrh. webA Hvte s Qe
AAG S7ke} 2 AU Wyt ofd ukA B FFEe TS T



Ao Holy olF Y & =+ Sle wAYF] He F5 AUt
Z9s 2107 Rl

2 AFelA E gy SRR e, diREe okl kA
o] HgkreA fFodor Wad Zy 2 leukocyte ZnT7
A AL @3]y HRbToM FoA R A4 Yehpthe Aol

/nT7S 22 AXA wE AXY 2y Axue] &4 39, ofds

ot} (Kirschke et al, 2003). Huang et al. (2007) 2]

e
-
=2
2
N
=

—
3

knock—out mice? AZF FT7F 9@ AAFFo] HAFES FRlssiTh
wekA ZnT7S A7+4E 248 o #oshs 2oz wojzn, &2
Aol AA oAt BMISH AALEC] ZnT7 mRNA 534
A o AATAE Btk = vukelA] ZnT7 FdA wdo]
FoAow Frkste AL 7|E AT AFg wRMAE ZnT79]
ATA A3 ##Ho] Q7] wWEo® Rtk uebd Hmlow <l
AN F7HE HES A wsr e ot ukAgl tE

W o 2 Jeukocyte ZnT7 F42F Hdo] YIS F+= 2102 HL,

re
)
rlo
=
r'Ei
£
oX,
1o

o
2
re
o
o2
o
=
(i
o,
et
~
rh
=

=l

A7

r°l‘

AZ, SOD @ ALP A% ot} leukocyte ofdd ukx] 4=t
Iy FES FAlA AFEsithe Aol 9E Mt AR gidAt
7 Aa, FHA At (cross—sectional study) #@H= A AA
57 b nwta) opd ot AHl e MF #AAE BHE a)de
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=
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X

IV. A9 2: B[Rt A9 o HFA 43
T leukocyte oFd FHHAl FHA 239
H

3}

A&

—_
_I.z

, Aol ol gststz, WA, A

3t} (Gibson et al, 2008). AW F

~
olr
olr
2
)
N
ko
N
olr
o Hu

59 old WA fHA+ (gene family)?l ZnT (SLC 30) ¢+ Zip
(SLC39) family7} A8}, AA7A L &Fol= ZnT family 103
Zip family 14% £A8+= Ao2 HuE1 Q) ZnT familys= A X3
Y oolde AE 9 Ee AX Y AFOoR oJFAA ME U ofd
FTEE GFE 98-S 83, Zip family: ZnTel W2 AXE 9 =&

AT 2de olde ATAR OEAA AT U okd RS

t} (Lichten et al, 2009).

N
olf
fto
Jo
N
_O‘L
rlr
o
k
o
o
N

olf g ofd FWHAl T AFE= o] ofd AHFH o} WA BHo] QU=
207 dHA rh 7]E AFolA ofd BHFA A3 T leukocyte
ofd FHEAl A o] FoHow wWElsts JlS FAsHith
19-314 22 #A74st FANA zinc sulfate (ZnS0,) 9 FH=Z
3FFo] 15mge ofddg 1097t A|¥3tH leukocyte ZnT13 Zip3

I B34 A# % ZnTl mRNA F5&
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2.5 Aoz FhEglal, Zip3 mRNA  FE& 2d o4
frold oz askoltt (Aydemir ef al, 2006). E3 20-244 32
7 (n=15)3 64-754 =8 94 (h=10)& WFZ 2743 zinc
gluconate FE|Z 3}5o] 22mg o}dS HZEF3 A, leukocyte Zipl
AR el A2 17%, 21% woH o2 Zaegltt (Andree ef al,
2004, Aydemir et al., 2006)

HE oy BNk o R st AFelA ofd AF FAol YEhd S
gttt (Garcia er al, 2009). 53], &34, @4 9 A4 4 ofd

=
[¢)

il

7F vk obm 9 A HYoM feoAor ue Zlo® K
%% (Tungtrongchitr et al, 2003, Marreiro et al., 2004). &= &
AFeMe A okd FE7F W oto]E] AT 9 AAY FA
A ol FE7F H& ofolzel wlEl AR ¥ He FOoE
UERth (Cavan er al, 1993, Gibson et al, 2000). A7 1ox %
18-2841 z> HIRt oS 9 leukocyte oFd #HEAl 2
Aes AY 2 Axn, A AF o443 vuste] Rl
leukocyte ofd +®HA] Wrdo] ©re AyE H T

upeka], 2 Aol A= ANEAQl leukocyte oFd FREA] o

rlo

_

s
o oA S tjAtoZ otd HEA AFH Z leukocyte oFd $lx

FA4 WA wsE wE A ok Ad waE Wl

2

ol
rlr
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2 ATy

2.1 AT TiAl g A

AT 1olM e i 2 AR AGeA A= 18-284 # BT o4
410 Hdor ofd HEF dATE Jdsth vivke AAF AF
(Body mass index; BMD 7} 25 kg/m” ol’d 22 A <Jatdtt (WHO,
2000a). ©] B|YF o4 S FAgE ofd HZEF (Zinc group n=20) 3}
gz (Placebo group, n=20) F I1F°Z Y3l ofd HZF o
43t A A= zine gluconate FEIE 3o 30mge] ofdlg 8F7k
AFe, dxza> FE7F FAFSE placebod &2 717F H&-3k3lTh
ALl A BREA & placebos AFse FQF HAA AEFHS
A EE el ddas A4 A& A E(baseline) % 85 +
T 239 AA, A= A A5 2 s A= o, 3¢

2lo] 71ZAE o] &3 Ao]AdFH ZAL 12A417F 3E gl 2447F &

>

JES B ASA AAE AN B AT BE H9e 49

2,

AT 1M Madt wkel o], thdAEe A%, AT, sz o

e 24 s W mEsE Sde Fa we 2ol
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4 AL AAdE =47] (Inbody 3.0, Biospace Co., Korea)E
ol g3t FAsY.  AAF AFBMD e A AFE o] &3k

Adstger, seEds ARAANN H2 AF obdrEs

i
rE
o3l
]
ofr
E.’T:
(@]
(@]
=
D
4
>~
>
o
ofN
)
4z
o
i
Iy
o
ol
ok,
32,
O,
=
T
o
\]
(@)
(@)
*

e 7 T oAy S Zze FRge A Agsan

(Pickering et al., 2005).

2.3 o] 4 24}

A Al A 85 F F 23], F 6ol thg Aol A 2AE

>,
>
ol
$4%
e
=
ox
N
iy
rlo
ol
o2
M
s
tll
-z
o
y

ol 7)=A A el ol
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2.4 A3 A% 54

AT 1 A Mt npel o], ofd e U 7]EF AgtstA R 4 &
fsked 12 AZF FEEN 9 24 AF AWHS FHEST 83
AW o}l FE+E atomic absorption spectrometry (AAS 600,

Perkin Elmer)& ©o]&3to] 4=t AW creatinine < Jaffe

il

NS o] g3kl #4935t (Jacobs ef al, 1945), AW ofd FL&E

it

Img creatinine & o} FLE FAkEte] FAo] o] g5 th. SOD
42 SOD assay kit (Cayman Chemical Company, USA)E
o] &3lo], 84 ALP < automated analyzer (ADVIA 2400, Japan) &
ojgstel EAMHAJTY. 2 ¢ Y Axel, TH T4 AHd 4 F
FYAHEE automated analyzer (ADVIA 2400, Japan) & ©]£3}9
BRI, FE AdEUS chemiluminescent  immunoassay
method Z, leptin %+ human leptin kit (Linco Research Inc.,
USA)o] €3ty (Ma et al, 1996), adiponectin ®%X+ human
adiponectin kit (R&D Systems, USA)©]€3}4] immunoassay & =4

¥ A

2.5 Leukocyte total RNA F% 9% real—time PCR +4]

1.5ml A& QIAamp RNA blood kit (Qiagen, USA) S o] &3}
leukocyte® total RNAE %3ttt (Andree et al, 2004). =3

#33=A Nanodrop (Thermo, USA)E

M

RNAY & 3 F£Ee
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o]-§3tof 260nmel 280nm IFlA FHEE FAsH] T,
260nm/280nm ratio’} 1.8 ©]%Ql RNA AEW o]F FAd
AREsEiTh o AN T ok RMAT 747 29, 3WA
A A AL E Tt (HET n=18, ofd WAl n=17). 0.15ug
total RNAS} PrimeScript™ RT reagent kit (Takara, Japan)Z

0] 83t ¢cDNAZS A5t A=A real-time PCR (SYBR Green

S8ty £ o]gs MT, ofd Wk 2 GAPDH primer
sequencet Table 10¢] YEFATE MT % ofd 1HHA 9] Ao &<l
1 == GAPDHZE reference gene®Z 3t 94 JCt (Cturgei—
Ctrer, Cticycle number)E AAFsta 27 /“x 10" & o]g3te 107
GAPDH 9 #ld gened HALE et (Andree ef al, 2004).
TS ofd RFA AF F ofd ukA o] WIE #Estr] $138ko

gz A e ofd $Hkal WHEEE 10008 =1, ofd HETI

BE EBAEAS SAS 9.3 (SAS Institute Inc., USA) 0.2 F3 515t}

277k A AR WGt ATFAS B4 ob vEg F
24 g olgetel BAGT dxT ofd RFE 1 QA

Hol 44, ofd g, o) AE, % okd £

LB

—_—

Al e
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2to] = Wilcoxon rank sum testE ©]&3}3it}, ol BHF 7|7 599

7}

o]

©
ofo

ol
—_

&

=
A

]_

ofr
32 ¥R

el A, o Aol
i, I gke] Wske] Aol
o},
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3.1 o

OO

REA HA T gAY Qux =4, of

]—F,H’ goﬂ ;(]

o sk,

oA HZFT (Zinc group) ¥} WE(Placebo group) F

A A

4wy 52

14o) vhebQleh AR BARe] Wit tolt oF 21, F 1F

AR Apol=

A= (BMD+= 47z 28.1=%

Aoli= 4]

o]_oﬂ o u

A %

4 kst

EABEA FSETE okl HEFT I gxRTe F A

0.7kg/m? 28.2+0.6kg/m? = 9

=

=

1=

s

()

ot

v}
o

S
Ay

!

-

9]

g, A8 AE % ofel JPYEE Table

g

2% 3 Aol ok HA, B ok, aw

stk 209 st sYgEd 9 duA AHH, dF F
Ad, & Z¥2HE 9 adipokineq! leptin¥ adiponecting X%

FOE O AolE EAA a9t

8577 ofd wEA EE

placebo A7 F, A9 dnty =

g% SODS ALP @4& &3k ofd JdH Y Aol=

S

3

obd GopgEl 9 de AX WSS AW A (Table 15), AvH

54, B3A AHE A9

Helrde fFadoez wd A9s Aoy, F I1F 9 /F94
il

g9l Apol=

AA opd

Frrsgn

2% ol wsle fodel Aot e wkshd of

& o] ofd 43, N Axs}

1

S|

HolA] okSkth. &, ofd HEFT UelA BEA AH F
o

AAZ, 8%

(p<0.05). 8FA|H,

obd W 2w of

obd WFA HH F ¥ 2 9F
o
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=
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oA A 9 okds ad ok BE WSS A9 BIS o
(Figure 5), 742 7 Wste] Aol EASEOUL PR g

9% obddo] Zht AL A T 4 YAk T IR oA

E
ot

Ao mep F7ket WSt (respondents, n=9)¥ I¥A 4

T

H¥Fe-+  (non—respondents, n=11)°% o EX3 A

Bezel 2w of) FEE foHow Fraglon 1 99 AREY
felHel Wahs e ket (Blole] vl A|A).
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Table 14. Characteristics of the study subjects at baseline

Placebo (n=20) Zinc (n=20)
p
Mean SEM (Range) Mean SEM (Range)

General characteristics

Age (yr) 20.6 03 (18-23) 21.0 0.6  (18-28) NS

BMI (kg/m?) 28.1 0.7  (25.7-39.1) 28.2 0.6 (25.6-36.3) NS

(100.0- (108.0-
SBP (mmHg) 119.1 2.4 135.0) 1193 22 149.0) NS
DBP(mmHg 78.3 1.8 (64.0-89.5) 71.7 1.3 (69.0-87.0) NS
. (74.0- (74.0-

Waist (cm) 90.2 2.0 118.0) 88.1 1.8 112.0) NS

Dietary intake
(1002.7- (1014.0-
Energy (kcal) 1731.0 1184 2824.9) 1807.1 102.3 2571.4) NS
Zinc intake (mg/d) 7.7 05 (43-12.1) 7.3 0.5 (3.5-142) NS
(mg/1000kcal) 4.5 02 (3.0-5.7) 4.1 03 (2.9-6.5) NS

Zinc status indicators

Serum zinc (umol/L) 13.8 0.5 (10.1-17.3) 13.0 0.5 (8.1-18.1) NS

Unine zine 044 006 (0.12-0.98) 034 005 (0.11-097) NS

(ug/mg creatinine)

SOD (U/ml) 7.8 04 (47-12.7) 7.8 04  (1.0-10.0) NS

ALP (IU/L) 56.4 2.6 (38.0-78.0) 61.4 26 (39.5-80.0)0 NS
Blood measurements

Triacylglycerol (52.0- (46.0-

(mg/dl) 92.4 8.0 198.5) 1220  36.7 £01.0) NS

Total cholesterol (134.0- (106.5-

(mg/dl) 178.1 5.4 215.5) 180.2 9.8 265) NS

Adiponectin (pug/ml) 42 0.6  (0.5-10.7) 4.6 0.9 (0.7-13.8) NS

Leptin (ng/ml) 20.8 1.4 (6.1-34.7) 19.2 14 (9.1-29.9) NS

NS, not significant
a. The difference of variables between placebo and zinc supplemented group at baseline
was examined by Wilcoxon rank sum test.

86



Table 15. Changes of characteristics of the study subjects after
zinc supplementation

Placebo (n=20) Zinc (n=20)
Mean  SEM p Mean SEM p P

General characteristics

ABMI(kg/m®) 0.1 09 NS. 0.2 0.9 NS NS

ASBP(mmHg) -3.9 32 NS. 0.7 3.9 NS NS.

ADBP(mmHg -2.0 2.1 NS 0.9 2.6 NS NS

AWaist(cm) -0.5 23 NS 2.2 2.6 NS NS
Zinc intake

ADietary zinc(mg/d) -1.0 0.5  0.05 -1.1 0.7 NS NS

ASupplemented zinc

- - - 30 - - B,

(mg/d)

ATotal zinc(mg/d) -1.0 0.5  0.05 28.9 0.7 <.0001  <.0001
Zinc status indicator

ASerum zinc(umol/L) 0.6 0.5 NS 1.7 0.5 <.01 NS

AUrnezine 036 018 NS 030 016 <05 NS

(ug/mg creatinine)

ASOD(U/ml) 0.7 0.7 NS 0.9 0.1 NS NS

AALP(IU/L) 6.6 3.7 NS -1.9 0.7 NS NS
Blood measurements

ATriacylglycerol 49 111 NS -16.1 448 NS NS

(mg/dl)

ATotal cholesterol 1.5 10.1 NS -7.4 12.5 NS NS

(mg/dl)

AAdiponectin(pg/ml) 0.4 1.2 NS -1.0 1.1 NS NS

ALeptin (ng/ml) -1.0 1.8 NS 1.6 24 NS NS

NS, not significant

a. The significance of changes for each variable compared to baseline level in placebo
or zinc supplemented group after zinc supplementation was examined by Wilcoxon
signed rank test.

b. The difference of the change in variables between placebo and zinc supplemented
group for zinc supplementation was examined by Wilcoxon rank sum test.
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20 - NS p<0.01

Serum zinc (umol/L)
7

Baseline  after 8wk Baseline  after 8wk
Placebo group (n=20)  Zinc suppl. group(n=20)

35 - NS

3.0 1 NS <0.05

2.0 -

1.0 -

Urine zinc (ug/mg creatinine)

0.5 -

0.0
Baseline  after 8wk Baseline  after 8wk

Placebo group (n=20)  Zinc suppl. group(n=20)

Figure 5. The changes of serum and urinary zinc after 8 weeks of
zinc supplementation in the two groups

The significance of changes for each variable compared to baseline level in placebo or
zinc supplement group was examined by Wilcoxon signed rank test. The difference of the
change in variables between placebo and zinc supplemented group for zinc
supplementation was examined by Wilcoxon rank sum test. NS, not significant
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3.2 ofd ®BEA AF F leukocyte ot *RHAl FHA}

1}-3

A W3}

Hluk thAkzke] ®HE=A A FH A leukocyte MT W ol 2-HEA
mRNA FF& Figure 6°] YEFHSITE Leukocyte MT mRNA $F9]
ofd WAl mRNA FFET fFoHow  ESth ZnT family
ZoX+= ZnT1 leukocyte mRNA o] 7} E¢komw, 77 y5
ZnT63 ZnT7 «<°=2 ®Sth Zip family oA+ Zipl mRNA

o] b =gron, 7 e Zip7H Zip6 o E EFG

G e ok Al WH WEHE 1000% Fu ok
9

5
BET U9 leukocyte oFAd uhA A AtfA el wed WHIlE
4

2
Ho
FE
2

re
514
ofj
2
X
AN
ot

¥} (Figure 7), o} leukocyte o}
% ZnT1, ZnT4, ZnT5, ZnT9, Zip7 mRNAS o] 247 30.8%,

51.3%, 21.2%, 17.5%, 25.9% % FA° 2 Z7}38tth (p<0.05).
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Figure 6. The expression levels of leukocyte zinc transporter
mRNASs of obese subjects (n=35) at baseline.

The relative expression level of zinc transporters was examined by using GAPDH as
reference gene.
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% of placebo group

i

InTl  ZnT2  ZnT4  ZnTS  ZaT6  ZnT7  ZnT9  Zipl  Zip3  Zipd  Zip6  Zip7

Figure 7. The differences of leukocyte mRNA expression levels of
zinc transporters compared to placebo group in zinc supplemented
group after zinc supplementation.

The change of the relative expression level for each zinc transporter in placebo group was

placed at 100. The significant difference between placebo and zinc supplement group was
examined by Wilcoxon rank sum test * p < 0.05
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A etz ik 1 A3, 8F < dFol 30mg?

re
Ho
rE
2
of\
N
=

;%
—

ol HEFA AFH v 349 leukocyte oF

o

ZnT4, ZnT5, ZnT9, Zip7 RNA 2dlo] FolA oz F71s
B Ao A Bek A2 leukocyte MT W ofd &4kA] 4=k

W S Ay B A9 leukocyte W MT mRNA <o) 714

=o 7ZnT family oA+ ZnT1 leukocyte mRNA F=o] 7}
=or 1 tSe ZnT6H ZnT7 S22 YEYew, Zip family

FAME Zipl mRNA o] 7P =9kod, 11 s Zip7d
Zip6 2.2 YERgT) 71E& AT (Overbeck et al, 2008, Aydemir et al.,

2006) V= leukocyte? o} WAl % ZnT1¥ Zipl mRNAY]

M

Fzol 7 = vEEer, A7 1dAME Y AT Te EFe
A gAY leukocyte oFel MEAl fHA HH S AHE Ay
7ZnT family sollA& leukocyte ZnT1 mRNA FFo] 7Hg =gk
Zip family oA+ Zipl mRNA o] 7 =74 YEd A&
FAskh T1ogle] BAETF =39 ok kA (ZnT 6, ZnT 7,
ZnT 9, Zip6, Zip7) = A zpol= A4 spglont s dshin.

71E ATME ofd BFA AH 5, okl ukAl wxA T
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Hals #F &9gtt. Overbeck er al(2008)9 AFolA AbEe
leukocyte primary celle o}l A glet = AX ZnT family +4AF

g o] WM3lE AZsd =, ZnT1Y ZnT47F §od o7 Z7ke9n

i

ZnT5, ZnT6, ZnT79 Wae FoHoz ZarsteE AdS W

32

=3
Andree et al(2004) 9] 7ol 20t 94 (n=15) % 654 o4
A (=100 thdoz 279 < zinc gluconate HEZE 3FFof
22mg ofd ®EFA AdFH3I} F leukocyte ZnT1¥ Zipl F4A w3
H3s S48tk 2 A, 200 o4 2 654 o] o3 EFolAA
old ®BZEA A3 % Zipl mRNA FFo] fHog Zists A4S
seldtdtt. Aydemir et al (2006)2 AToHE 19-314 BAS
gde® 169 7 ZnSOy FEE ofd BFA A3 ¥ leukocyte MT
g ootd eNkAl f-Ax HES FH A3} leukocyte MT, ZnTl

mRNA FFo] §407 F748k11, Zip3 mRNA FF& fo40=

-

B Ao E AF 1oA leukocyte oFd @RHAl Az 2y
Foo] w2 AE FQlsk vk A& gt e ® 857k zinc gluconate
&

JE| =2 7o) 30mg o ¥ F F leukocyte ZnT1, ZnT4, ZnT5,

ZnT9, Zip7 mRNA FFo] f9802 F7lstes A& &g &

HEs dgdsls ofd ewkAE B 5 gtk ZnT19 AS JE

o

ATANE o} WEA 4H = §34 walo] F/4E0] T Ho)
(Aydemir et al, 2006). 34w 1 99 ofad LuwbAle] that A
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A o] Ao Fxate ZoE A low, AE delA+=
trans—Golgi network, endosome % 7]E} A9 o] Exdt}
(Liuzzi et al, 2001, Murgia et al, 1999). stA%, S5 (rat) 238
A (Liuzzi et al, 2001) 914 ofd A3 T ofd HFo whE Ay
ofd Aef Wstel wE &%, A, 7He] ZnT4 FAA B Wk
UEtA] ok Ao Baskelth ZnThHE Al o3 F# o] L2,
E3] A p—-HFEQ secretary granules oA wdo] 7HH EH2

Aoz dHA Atk (Kambe er al, 2002). AAZ ZnT5 knockout

Ead

mice7} tizwel wE G p-HME JE ojFom AW Ao
He Aoz YelYt (Palmiter ef al, 2004). In vitro A4, 2%
A ¥l Caco—2 celle] 79 &<t 100uM ZnSO, A Al ZnT5 mRNA
Fol 2w Frtete Ae Fleitt (Cragg ef al, 2002). T
AFeEe] leukocyte primary celle] o g &, ZnT4+ FoAoE
S7Vetlal, ZnThe FoH oz Ziastes A3%E Rt (Overbeck
et al, 2008). ZnT9x= AW o2 24 o Axd 9 e A=
AOZ Hil o ofd Ay e HFTo tid in vitro ¥ in
vivooll thsh A47F ok Hud wk glok (Lichten and Cousins,

2009). Zip7< og] ZZAoA Y F2  golgi apparatus©l

wEate] o9 1 okle ALAZ olEAIE o

o

3= o=
HolAt} (Taylor et al, 2007). In vitro AddA, HAA Ay
A3ZQ RWPE-1 celld]l 75xM 7ZnSO, A8 & Zip7e &4dx 2
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VAT 3 @ e 49 ok g
Rk Qx| o] m|x= o8k

1 A&

YEF 9 HF= 185k AdgdA A9 9 AR Ad SS

sl Aog dH A vt (He et al, 2007, Meneton et al., 2005).

[e)

o

H+ AT Bibbins—Domingo et al, 2010)9A, <kte AF
A ek (3g/day) o] st Awo AdAAAE iy w #Ad o5 HE

WaE AL Zoleka dgsdt, det B /9o GEF 43

stz otk =<9 UEF FHd AHATFS 4830.5mgl =
WHOoA A3t £3(<2000mg/day) 2] 24 oA AHsx vt
(KCDC, 2011, WHO, 2002). YEF A3= /19 s ¢x 9

M3 o] 9ggs wk=t} (Hayes ef al, 2010). WA, YEE A3 9

o

Aol ik g&d Ags A%, A% dA 9 Hske FF

ot Aol dF= 2 7 e 2Ad F srb Al ofd

YLl ok A vAe] E4E sl JoE dYA

Atk ofAS Bl EAstE ol % ©W A (metalloprotein) §!

gustin (carbonic anhydrase VI) ¢ &4 % Ao HAQl Aot}

EfN gustin®] 4| Fae v|Zdd $2+9] 715 At W &4 #ol
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At} (Henkin et al, 1999). 7| A7 (Wright et al, 1981)°lA

okl Agol AW AAT foHoz B
1}

rir

o7 KWt w3l
w9l (Stewart—Knox et al, 2008) o]y} w2z} o]A} 32} (Takeda et al.,

2004, Yamagata et al, 2003)E U4 o 2 3 Ao|A, ofd HZFA

AEd N A dEde ofols (B €% 81.5:x7.0 ¥
n=162)5 ™oz 3 AT Ay ofd FE7F U2 o}o]E9]
AUk A A7 Ay ofd TR S ofol 5o HE FoF o=

=2 ARE WYt (Cavan er al, 1993). et} A7 & AAas

ok, AT A e ofl JHE T Al it V= ATl

obd GopgElE FE @Y okl FES olgdel Adngn

Al 7}V&

H2het obdd AF (K2-3mg/d)o] HA U= T A ow kst

FA A= A AS k=t (Lowe ef al, 2009). ol¥ o]#=2 A7}st

o

Ak A

obelA vhebd 4 dbel gleh AT obdl Rl wasA weshe

AsletA A E7 old eukAo] Tt @Ao] =7kskar Qlth (Andree

e

= WdoR o #F dyeMes dF okdate] #ATL

oo
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et al, 2004, McMahon et al, 1998). 712 o8 <AFolA ofd
BE5A A3 $ leukocyte ofd WAl A Tdo] foHow
A3l HS A th(Andree ef al, 2004, Aydemir ef al, 2006),
A 204% A ATl vls ANEAQl leukocyte ot WA
A Eo] e iRk o4 o) ofd HEA A F, Y5 leukocyte
ol 4wkl (ZnT1, ZnT4, ZnT9, Zip7) mRNA o] Fo4o0=
s7hete As Qs webA AW ot Aol wep A=

e zjol7b uk ¢lx] W M S o

o
o
=
o
)
<
=
@
o
o
r2
Ho
=
2
o
2
2
1o

AFE F 20T moly A ol WAE AME dF:

mEbA, 2 Al g 20T lE Ao R ofd JYFEHE

re
Ho
rE
N
o
[
>

Aol ol A W dF ofd 183 leukocyte ©F
1dS B8 Hr7bsta, olwl ofd Aol AUk olx W M3 w9

wAE AR Skl
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Biospace, Korea) & o] &3}o] & W& FAlgo] FA3ATE 1247
TE ANES 3mlE ¢ & dHS Foste g4 ofd, drFEHl
4 gy IR FEs 54 st AgEAR BAS

ol A A oFst o, dF o} 42 atomic absorption

Aok QxlE= wWd" ‘up—down’ WY (Bartoshuk, 1978)%
o] &-3lo] Auko thdt <14 X (recognition threshold) & =73ttt
(Meligaard et al, 1991). %7} 0.85mMelA 63.38mM7}+] 9] F
15709 93t UEF &9= Fvlsklth A% 3= F 23] F45H9

ae) o HES e A wA AdelAE, Bl g

e FEA ¥e ¥E £0% AFHL AxFoz wio)
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A AT B, VIS4 A A TH O

PN
>
rﬁ
o

75
&S AESSIT. AR A Aol AH AR Sad g
dlolefmloj~gl gka AAF AN ZEIWQ DS24E5 o] §ato]
A8 (Paik er al, 1997). ol &sto] thdate ofd Jda
AFAFe A, ouA AFHAF BAS fete] d¥L HR F
1000kcal oldA 43 F oFd A3 (mg/1000kcal) & AAF T
F3E Aol ot AAo]EEel R FFE F= Ao dEA
1o ™2 (Lonnerdal, 2000), ¥ ¥l -0} =ZH]E (phytate—to—zinc
molar raio)& ©]g3dto] ‘o] & 7h53dt o} (available zinc)'® AFHE
AAF3F T (Gibson ef al, 2008, WHO, 1996). J|€lA4t—o}d =H] &<
AR S B3 2o

=

Blib—old Zu]&o] 5u|gk, 5-15, 15% %2 Ui ofd AAo]&&
Y7t 50%, 30%, 15%= A3t o]& 7} 38k o} (available zinc) =

AR,
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2.5 Leukocyte total RNA F= Y real—time PCR #4

1.5ml Ado]A QIAamp RNA blood kit (Qiagen, USA) S ©]&3}4

total RNAS #3199t} (Andree et al, 2004). %3 RNAS 5%

4 FEv #3335 Nanodrop (Thermo, USA)S o] §3H4
260nmet  280nm  IAFlM  FHEES FAHs] el

260nm/280nm ratioZ} 1.8 ©]/Fl MEREE A& (A 909
oAz 727). 0.25ug total RNAQF PrimeScriptTM RT reagent kit
(Takara, Japan)& ©]£3to] ¢cDNAE Fdstlch. A 2004 wlgh
T7F Wskst ZnTl,
A

4l MTeF Zipls &4

ggAe ol mEA HA F FoHoR 1 ud

ZnT4, 7ZnT9, Zip7 oFd 71E ATelA ot

g el
SRR

sequences Table 10¢] YehfQlth. MT 9 o} Lukxe] Aoz el

A o ol £uAdl 2@ GAPDH primer
—?—}d ACt (Cttarget_

o]-g3ske] 107

1 T = GAPDHE reference genel @ 3}oi

Ctre, Cticycle number)E At 27 'x 10* &

GAPDH 3 39 gene? A&l wd -z et (Andree et
al, 2004).
2.6 A4

BE EAEAHES SAS 9.3 (SAS Institute Inc., USA)°o =
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3 72

3.1 thdAke dwkd 54

e
d

PR = R

’

tdakel dnkd EA 9 A%k 14 9 dSEE Table 16 ©f
UERGITE A gidARe] B dols 23.6 AR HE Y e Aol
EAEA otk &, W ddAke] e BMI & 7H7 23.010.2 kg/m”,
20.910.2 kg/m®> & WA A7 FFo® =gtk (p<0.001).
g3 opn 9 FrFeEnl £31 BF 9A g fo807 =
vebstod A w9l el ST (p<0.05). AT 9= 9
(19.3t1.2mM)°] o4  (15.8£0.29mM) Kt} HJHozw ¥
Aox Yebgta (p=0.02), A% A3ZEE oA (75.4+3.0mM) R}

3
FA (86.0F4.0mM)o] oA oz =9t} (p=0.03). &% odx 2

X
foi
ki
1o
M
b
il

Ay ®wokeS W (Figure 8), WA &% odx dl

ke

AsErk ol diadatel vlsl o #2 FEe REse ZoR

TEEREE

O

ekt =k A tiAke] Ak A e A3

rir

12

Ar#aA (r=0.26, p<0.00) S YeEFTE (Figure 9).

105

J'ﬁ-! _CIJI i 1_]|



Table 16. General and salty taste characteristics of the study
subjects

Male (n=104) Female (n=103) .
Mean SEM Mean SEM
General characteristics
Age (yr) 23.6 0.2 23.6 0.2 NS
BMI (kg/m’) 23.0 0.2 20.9 0.2 <0.001
Albumin (g/dl) 49 0.0 4.8 0.0 NS
Hemoglobin (g/dl) 15.8 0.1 13.4 0.1 <0.001
Salty taste
Salty taste acuity (mM) 19.3 1.2 15.8 0.9 0.02
(Sljllﬁ)tam preference 860 40 754 30 003

NS, not significant
a. Differences between male and female were examined by Student’s t-test
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A. Salty taste acuity

D
)
]

W Male
[] Female

| W B ()]
(e} () ) (e}
1 1 1 1

Number of subjects (%)

—
)
1

B

<8 8~16 16~24 24~32 32~40 40~48 48<

(e}
!

Salty taste threshold (mM)

B. Salty taste preference

D
(e}
)

l Male
[ ] Female

o} W B N
e} (e} S S
1 1 1 1

Number of subjects (%)

—_
)
1

| . FEL_

<30  30~60 60~90 90~120 120~150150~180 180<

(e}
I

Salty taste preference (mM)

Figure 8. Distribution of salty taste threshold (A) and preference
(B) of male (n=104) and female (n=103) subjects
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r=10.26, p<0.001
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Log-transformed salt taste threshold

Figure 9. The correlation between salty taste acuity and

preference in total subjects (n=207).

Correlation between salty taste threshold and preference was examined by Pearson’s
partial correlation analysis with BMI and sex. The value of salt taste acuity and preference

was natural log-transformed.
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3.2 WAL YA, v Fda oyuA AHH HE
okl el

Ao s AF W otd JFYHE BUHE A3E Table 179
AAEAT AUA AFH o Gdka ouA AF e AW
O Aol EAIsHA Astth. 8FH ofd R YA oA
(13.6T0.3xmol/L)°] 24 (14.4F0.2pmol/L) HY} FoHoz
o (p=0.04), 8F otd FFE& (Gibson et al, 2008) A
AAEE 71ES ol gstol BrleiE W, ofd Ad HlE9 "y 1t
Apol= ETAEA Askrh o] ofd AHFES P 8.9%0.2mg
o] 7.0£0.2mg = UEFGTE ofolol A o] LES 1HE o]¢
7hs3k Ao] ofdd MFHEFL YA 3.9+0.1mg, A 3.1+0.1mg
ojitt. Tl Ao ofd Tl o]g Jhsd Ao ofd AHIHF EF
ol ol wlel] FolAow

obd W o § 5w olelel WAHFS PHe] ME FAFY Aok

HH

2t (p<0.001). A WF 1000kcal B 2] 9]

A okskth ofd AR AHI AEE WUl Slske W
oHEAR) vwto g AFHste gAY WEs AWEGE o,
o] 56.3%, VA 38.5%F, A4 HlEo] AR =St

(p<0.01).
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Table 17. Nutrient intakes & zinc nutritional status of the
study subjects

Male (n=104)

Female (n=103)

Mean SEM Mean SEM P
Nutrient intake
Energy (kcal) 21162 44.1 1630.0  35.1 <.0001
CHO (%kcal) 56.3 0.6 57.1 0.5 NS
Protein(%kcal) 14.7 0.2 14.8 0.2 NS
Fat (%kcal) 29.0 0.5 28.1 0.4 NS
Zinc nutritional status
Serum zinc (umol/L) 14.4 0.3 13.6 0.2 0.04
Deficiency®™ (%) 13 (12.5) 11 (10.7) NS
Dietary zinc intake
Total zinc (mg) 8.9 0.2 7.0 0.2 <.0001
(mg/1000kcal) 4.2 0.1 44 0.1 NS
Auvailable zinc (mg) 39 0.1 3.1 0.1 <.0001
(mg/1000kcal) 1.8 0.0 1.9 0.1 NS
<EAR™ (%) 40 (38.5) 58 (56.3)  0.01

NS, not significant

a.

b.
c.
d

mg/day
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Differences of variables between male and female were examined by Student’s t-test
Differences of distribution between male and female were examined by y*-test

Men - <11.3 umol/L, Women - <10.7 umol/L (Gibson et al., 2008)
EAR(Estimated average requirements) for zinc: Men - 8.1 mg/day, Women -
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3.3 thAAFS]  leukocyte metallothionein®} oFd  -HEA|

AT 204 ofd EHFA AH F TEETE FoYHex wygd
leukocyte ZnT1, ZnT4, ZnT9, Zip7 I 71& AFoA A ofd
Aefell WAsHA HESeh= Ao®E 4R leukocyte MTE Zipls
o] g3to] tidate] o Gk EE EAE mokth A MT %
olel &Wkdl mRNA & Figure 109 YeRjSIt o & ofd
SHkAle] vlE MTe 2der b =gk 1 teo® ZnTl1d
Ziple w7} =9t} TdHeukocyte o} *HEA] mRNA 52
Gz Aozt EAsksith. 53] ZnT1, ZnT4, Zipl, Zip7 mRNA

Fo] YAl FAH oz A el (p<0.05).
T3 leukocyte MT 9 ofdd -0k FAA 233t ol A g
o] FuBAE AR A3E Table 18] AT 24

]_

o,
ol
—o

+HH mRNA =53 4 ofdd Bl Ao] ofdd AHF 3t

o
r2

F948Q A#AA YEhA gt & leukocyte MT, ZnT1 %
7nT9 mRNA F3%o] o] ol @ ol& 71538k ol AHH9
o) Aol kot oksk oFo] Ar#AA HYY. oAH A

v}

leukocyte ZnT13 Zip7 mRNA F=3 & ofd F3Fo] F9F
S0l A##7 (r=-0.28, p=0.02; r=—0.31, p=0.01) S JEJS T,
Aol otd AFFL Zip7 mRNA FF7 Gzl <o Azt

(r=0.23, p=0.048) 2 YE ST}
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3500 -

300 -

2500 -

H Male {n=00)

10094 W Female (n=72)

Relative mRNA expression (/10 GAPDH)

* *
i
300
*
0 - : — O
MT ZnT1 ZnT4 ZnT9 Zipl Zip]

Figure 10. The expression levels of leukocyte metallothionein and
zinc transporters mRNAs in male(n=90) and female(n=72)
subjects.

The relative expression level was examined by using GAPDH as
reference gene. The significant difference between male and female was
examined by student’ s t—test. *p<0.05

112



Table 18. Pearson’s coefficients of correlation? for the leukocyte
mRNA levels of metallothionein and zinc transporters with zinc
nutritional status and nutrient intake in the study subjects

Serum zinc Total zinc intake Available zinc intake
(umol/L) (mg/1000kcal) (mg/1000kcal)
Male (n=90)

MT -0.11 0.20 0.19
ZnTI -0.16 0.19 0.18
ZnT4 0.07 0.08 0.11
ZnT9 0.02 0.19 0.16
Zipl -0.07 0.16 0.16
Zip7 0.05 0.09 0.10

Female (n=72)

MT -0.13 -0.09 -0.10
ZnT1 -0.28° 0.18 0.15
ZnT4 -0.06 0.13 0.07
ZnT9 -0.10 0.10 0.09
Zipl -0.13 -0.08 -0.12
Zip7 0317 0.23" 0.20

a. The correlation analysis of the leukocyte mRNA level of MT & zinc transporters with
zinc nutritional status and nutrient intake was conducted using Pearson’s correlation in
male and female subjects after natural logarithm transformation of variables.*p<0.05,
**p<0.01
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3.A4THAAAS] AT Q1A Bl S Lo whE ofdd JF AE

2
=

okl gepyelel wE A
2ol uet F

o}l @ o]& 7}53F o} (available zinc) 181 EH ot FL 9]

a5

e

A8 4 9% 2 Aol

%oll
LI
il
o
H
=
—r
2
-n

;

ZFo] 5 Wl stk (Table 19 & Table 20). 994 9] 4%, &yl Q1% 7}
o 759 Ao] oo HF(4.2+10.1mg/1000 kcal) 7} H& 159
2ol otlel A (4.6+0.2mg /1000 keal) 2ot F2]Ho] A& Fgrort
@S AYEE BT (p= 0.08). £, o8& 7hsst ofdd(available

zinc) 9 AFHE AU A7} =L IFA(2.120.1mg /1000 kcal)
Hop gk A7t W 1% (1.820.1mg /1000 kcal) Al 80 =
dorth (p = 0.02). 94 A mu Qdxo] mE IF U 2o
ofd HFH 9 ol& 7ted otde AH Aole= EAEHA otk
AA Aol A Aok 12 9@ FA ofd FF HY FoFRl #AlE
EABEA gtar, & 3 oAl A gAY Ak A ofd Atole]
oAl A7 EAAT (p = 0.03). A AT E7}F H2 IFNA

A ofd FEol FIHoR w2 Jow Yew

)
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Table 19. Zinc nutritional status by the salty taste acuity in male

and female subjects

Salty taste acuity

Low High P
Mean SEM Mean SEM
Male
n 51 53
Threshold (mM) 28.5 1.4 10.3 0.6
Dietary zinc intake
Total zinc (mg) 8.8 0.3 9.0 0.4 NS
(mg/1000kcal) 42 0.1 42 0.1 NS
Available zinc (mg) 3.8 0.2 3.9 0.2 NS
(mg/1000kcal) 1.8 0.1 1.8 0.1 NS
Serum Zn (pumol/L) 14.2 0.4 14.6 0.4 NS
Female
n 50 53
Threshold (mM) 22.0 1.2 9.2 0.4
Dietary zinc intake
Total zinc (mg) 6.9 0.2 7.2 0.3 NS
(mg/1000kcal) 4.2 0.1 4.6 0.2 0.08
Available zinc (mg) 3.0 0.1 3.2 0.1 NS
(mg/1000kcal) 1.8 0.1 2.1 0.1 0.02
Serum Zn (pumol/L) 13.8 0.3 13.5 0.4 NS

NS, not significant

a. Difference of variables between the low and the high of salty taste acuity were

examined by student’s t-test after natural logarithm transformation of variables.
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Table 20. Zinc nutritional status by salty taste preference in male
and female subjects

Salty taste preference

Low High P
Mean SEM Mean SEM
Male
n 66 38
Preference (mM) 62.2 3.0 127.3 4.5
Dietary zinc intake
Total zinc (mg) 9.0 0.4 8.7 0.3 NS
(mg/1000kcal) 43 0.1 4.1 0.1 NS
Available zinc (mg) 3.9 0.2 3.8 0.1 NS
(mg/1000kcal) 1.9 0.1 1.8 0.0 NS
Serum Zn (umol/L) 13.9 0.3 15.2 0.4 0.03
Female
n 52 51
Preference (mM) 51.8 2.5 99.4 2.6
Dietary zinc intake
Total zinc (mg) 7.0 0.2 7.1 0.3 NS
(mg/1000kcal) 45 0.2 43 0.1 NS
Available zinc (mg) 3.1 0.1 3.1 0.1 NS
(mg/1000kcal) 2.0 0.1 1.9 0.1 NS
Serum Zn (umol/L) 13.6 0.4 13.6 0.3 NS

NS, not significant

a. Difference of variables between the low and the high of salty taste preference were
examined by student’s t-test after natural logarithm transformation of variables
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AA g AzE e AddAs & 43 (Table 21), &4
At = ZnT9 (r=-0.22, p=0.04) ] W&o], o iAo =
Zip7(r=-0.33, p=0.005)¢ o] ATk Ao} FofHQd 9
FHBAE YERSI Y ek AT Q1A W ASwe wet £ OFoR
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Table 21. Pearson’ s coefficients of correlation for the leukocyte
mRNA levels of metallothionein and zinc transporters with salty
taste threshold and preference in male and female study subjects

Threshold Preference
r p r p
Male (n=90)
MT -0.13 NS -0.13 NS
ZnT1 -0.09 NS -0.17 NS
ZnT4 -0.10 NS -0.18 0.09
ZnT9 -0.22 0.04 -0.05 NS
Zipl -0.15 NS -0.19 0.07
Zip7 -0.13 NS -0.07 NS
Female (n=72)
MT 0.03 NS 0.00 NS
ZnT1 -0.15 NS -0.08 NS
ZnT4 -0.07 NS 0.08 NS
ZnT9 -0.12 NS 0.11 NS
Zipl 0.14 NS -0.01 NS
Zip7 -0.33 <.01 -0.08 NS

NS, not significant

All variables were natural logarithmically transformed.
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Table 22. The leukocyte mRNA levels of metallothionein and zinc
transporters by salty taste acuity in male and female study
subjects

Salty taste acuity

Low High P

Mean SEM Mean SEM
Male
n 43 47
Threshold (mM) 27.8 1.6 9.6 0.6
MT 2731.2 176.0 3163.5 241.4 NS
ZnT1 473.0 12.8 515.5 15.2 0.04
ZnT4 40.8 1.8 45.7 2.5 NS
ZnT9 270.0 7.9 290.3 9.5 NS
Zip1 458.4 21.4 513.2 26.4 0.08
Zip7 370.4 11.9 407.9 16.1 0.09
Female
n 34 38
Threshold (mM) 22.2 1.3 9.2 0.5
MT 3445.5 238.6 2951.1 159.8 NS
ZnT1 429.4 19.6 459.2 22.3 NS
ZnT4 37.1 2.7 38.0 34 NS
ZnT9 264.6 11.6 280.6 15.2 NS
Zipl 4453 20.4 376.6 18.9 0.01
Zip7 320.8 24.8 371.7 21.9 <.05

NS, not significant

a. Difference of variables between the low and the high of salty taste acuity were
examined by student’s t-test after natural logarithm transformation of variables
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Table 23. The leukocyte mRNA level of metallothionein and zinc
transporters by salty taste preference in male and female study

subjects
Salty taste preference
Low High P
Mean SEM Mean SEM
Male
n 57 33
Preference 62.1 32 125.6 5.0
(mM)
MT 3045.0 189.0 2752.6 239.6 NS
ZnT1 502.0 12.5 478.4 16.9 NS
ZnT4 45.8 1.9 38.7 2.2 0.02
ZnT9 287.8 8.1 265.8 9.1 NS
Zip1 4974 21.2 462.6 28.4 NS
Zip7 398.0 12.6 371.6 16.4 NS
Female
n 53 19
Preference
(mM) 64.2 3.1 117.0 3.8
MT 3166.9 149.1 3338.1 387.9 NS
ZnT1 459.0 17.8 400.2 24.0 0.08
ZnT4 37.1 2.6 38.8 3.2 NS
ZnT9 273.6 12.3 268.2 10.6 NS
Zip1 416.4 16.0 403.0 32.7 NS
Zip7 356.6 20.0 312.1 30.9 NS

NS, not significant

a. Difference of variables between the low and the high of salty taste preference were

examined by student’s t-test after natural logarithm transformation of variables
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A7) flstel F¥HSE BMIE ¥ 87 B9 (regression
model)& ©]§38to] dF ofd, o] ofdd 9 o]§ Fhed ofd AF
% leukocyte oFd FRHAl FHA A ALTF ASE QA WA=

FFE B A (Table 24), B4 i3S A9 leukocyte ZnT9

mRNA o] At 93¢k #oHel 59 #AE dEn

38
=

r2

(Standardized B8=-0.048, p=0.03), g3 o}d F=z 2lo] o}
AF s FodQ BAZE YdEbA okt oA oiikAke A

7Hs %t Ao] ol 4H ¢ leukocyte Zip7 mRNA 0] &gt o

o)
ofo

N

o

]
T4 29 #AE YeEpddtt (Standardized 8=-0.467, p=0.04;
Standardized £=-0.479, p=0.003). &3 o4 t)’d=t9 leukocyte
Zip7 A7 ddo] &gk QAo mAE FFe] gk 37 Ed
R*7F 0.12 (p=0.01)Z T ot Are] Axm7h gk gx]o] wX]&

FEEG APl w2 AoE YEsy
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Table 24. Simple regression models® of predicting salty taste
threshold with zinc parameter in male and female study subjects

) 5 Threshold (mM)
Predictors R p
p SE p

Male

Serum zinc 0.03 NS 0.217 0.39 NS

Total dietary zinc 0.05 0.09 -0.478 0.37 NS

Available dietary 0.04 NS -0.347 0.33 NS

ZInc

ZnT9 0.07 0.05 -0.048 0.04 0.03
Female

Serum zinc 0.03 NS 0.489 0.31 NS

Total dietary zinc 0.02 NS -0.378 0.25 NS

Available dietary 0.04 NS -0.467 0.22 0.04

Zinc

Zip7 0.12 0.01 -0.479 0.16 <01

NS, not significant

a. Each regression models were adjusted for BMI as a potential confounder
All variables were natural logarithmically transformed.
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= ATelMe e A2 AU ofd IFETHE EH ok, ol

ol HHE olye}l leukocyte oF}d WHA 1A WS E3

Grheta, olF Ba WrHE old JPWHsL wF A D 4

=

kR
nE F¥s AEESdY O A 94 A leukocyte ZnT9
Az E g Ak A7 fo Al e #AE ERla, o4 9
7AF o]& 7hsst o] ok HFH9 leukocyte Zip7 FAA LA

A% A7k FAH Pl BwAF Lhehlgck

5% md w54 J98 gUoE @ /F AFIAE ofd

{1

O

FFGETE &Y Ao Y F= FAsAH Goto et al (2001) 9
AFoA ofd AF HolE AHT rate] AUl digt Hdizm 4
ANE7F Atk g vzt 7)ol &4E A (Takeda et al,
2004) 4 =9l (Stewart—Knox et al, 2008) % thao 2 3 o)A,
ofd FFAEL ATt AATE FoJHA Fo] BAE A= Aom
Uebstth & AFeME oA did At A = Ao] ofd A9 At
ANAZF &k #AE et oA didatel s o8 7hsd 2]
ofd MA <} AU A9} FoARl & AHAAAE HEh L, &Y
ANAZE gra5, Aol ol AF7F ¥ Fds Bt =, d4sty
e oY B, Aojord AFHZE BT A FAHAQ) FEF=
T AeE B o] whekey, dAe] A o] ofdd} Tk
AA &= o] vrEhA] okt
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= AgelMs EF ok W Aol ofd AHe ATt A 1

2,

HdA Yo% leukocyte oFd Wk 42 w3y} Aok Qlx] 7H9

HadE ARt 71E oY dyelM AW ot Aol ukel

al, 2009). At#el leukemia AJ¥<Q1 MOLT-49 THP-1 A3
oldS AHdd A%, ZnTl mRNA FFo] Hoxdoz ZFrledtt
(Overbeck et al, 2008). T3 20-244 FH2 914 (n=15) 3 64—
754 w9l oA (n=10)& WO R 27U%F zinc gluconate FEHE
7o 22mg o}dS HE3H A} leukocyte Zipl FHx} W&o zhzt
17%, 21% o)A o2 7HA4st3 1 (Andree et al, 2002), 19-31A
e A% FH =9 ez dFe 15mg? ofdE Zinc
Sulfate (ZnSO,) ¢ FEHE 1097t A& 38t leukocyte oFd RHAE
A2 A3, ZnT19 Zip3 mRNA 0] 8oz F7F B fa
sttt (Aydemir er al, 2006). wetA AU ofd HEHE ®EYsE
ofd  HEAl A o]l AU A gE #Ho] gl AL

=
Hoth wEpA 2 Aol AT 2004 BRkdle iAo R ofdd

HZEA AF 3 welo] Foxor =789 9 leukocyte ZnT1, ZnT4,

7ZnT9, Zip73 71E9 AFA Ay ofd AE W] wzkalA

WSl ZAog Bud leukocyte MT % Zip ofd HHAI=S
o gato] E A YAAEY leukocyte ofdd WAl FAA W
Fre AR, o] wE AT QA gl Ma ke zolE HT
Ady g 7H9 leukocyte ofd @HEA] EE o] {9 Q]
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zpol7F A8 B gAY leukocyte ofd WkAl (ZnTl,

ZnT4, Zipl, Zip7) A2 2do] Fo4 oz =4 yebst

2% ofal, o] okl HH W o] § sR5E ofade] A HAYE
o] olAnT §9H0% E4orT oz g Ay molath

ofl ubAl ddp dF ofxd Tl o] okl A9 FRAAE 2

_

WorE W, oy AN Hel okd WHY ZipTe Wdo
FAAe oo FRAST enheh AW ¥ 37 ol
5

%9} leukocyte ZnT13 Zip7 mRNA FF2

4
o
2

o
1o
1%
rO
djo
1o

FHHAE yeEhd 3y i Ake] Ak Q1A 9k leukocyte ot
A AR Hd T #AE AVRGSs W, HNAE ZnT9
mRNA FF3 &t AX)7F FofAdd Fo ARAAE vEdd,
oo+ Zip7 mRNA FF3 &A% A7 {FoAQl £
FHHAE YEldY. Zip7e AFe oF7ZMA in vivo A gl
el M= Bag wp7b gla, & A A4y AEZQ RWPE-1 cell&
o]-&g in vitro APl ofd Ae F, Zip7 FAA LEH W3t
Ae AoR BTt (Huang ef al, 2005). ZnT9% A of<d
dEel e FHA dde] g A5 2 vk glth webA
leukocyte Zip7 % ZnT9 FHA &y} Ao] ofd HH @ A% Q1A

el @A g F7hHel sl Ug Aot Bestet 3



ot

Hol A4S ZnT9 HA44 wdo] A X9 g9 WA -

al

N

>
o

% UENI  (standardized f=-0.775), °lAd9 A$ o]

ofo

7bs38k Ao] ol (standardized f=-0.617) ¥ Zip7 Az 243
(standardized pB=-0.462)°] &3 X2 FolZHAd o FAE

2= Aoz eyt mebd 8% 3 49 Py

]

Fd $-ukA|

FA4 Wd W Aol okl HA FE WE AR A o)}
e FAT F AT @ olel 2o F oY gAY AR

GA el el leukocyte Zip79 AvEol 7ME w2 ACE UERETH

J

I

oqdoA thE Q9 HT} leukocyte ©oFd +wWEAl Zip7o] AUk

<

Az ¢} WA o] 9SS dol 3 5= g},

& AT E dF ofde ATt A B AT Eoke] AudArt
UEbRA] gkt " ofd e oA FE Frlel Mg Ee
AMEE = AJEESE A Holal (Lowe et al, 2009), #9 x| 9} ofd
FETE e FAC digk 7]E AFAE ofd FFdH ARE
T2 dH ofdS AFEEAt (Stewart—Knox et al, 2008, Takeda
et al, 2004, Yamagata et al, 2003). 13y H oA 44
AAUFES &4 =4 ofgfol] AZg ofd AT (<2-3mg/d)o]
WAskA] %= st AdiFe® QMgetA FAET (Gibson et al,
2008). old o]f= AAs dnt Ade Ao % nF
7" (observational study) oA @3 ofd ¥ &uk A4 31 #AA7}

ksl e 4 dbel gtk B AT Asteld: Age, =gl
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VI 47 4 &% 32 49 eENaC
A663T AR thaAo] oA & uFAgl 9l

Y QA 2]

1. A&

2010 =11 7%SAe =" (KCDC, 2011), 350 YEF
AHE T8 AFAF div $HAdLe 403%, o8> 289%FE  #Y
AFskal ook (KNS, 2010). olgd “4EF 3} A L2,
AEHA A8 9 A A% T WA AHS fiddte AoRE dEA
ATt (He et al, 2007, Meneton et al, 2005). #d 7] YEF
A3 Agke S AHA w9o B eta, YER #Y AFHE
oJds Fo B A F YR Joplt. YEF A= A9
gk QAo e W=t (Hayes et al, 2010).

L

589
L 58 ARgel 29

et al. (2003)%] oA

2

A o)z}

)
=
o2
o
filo

o
0

2

Lll

29 g

rir

FAzel taste 2 receptor 38 (TASZR3S) 2

2
e

Ho]7} phenylthiocarbamide (PTC) &} #<-
el = e
TEAY dE gk, T

83

Aol g

FE Aol

sk T1IR29 TIR3

heterodimer W #o] F& iyl

F42¢ TASIR28  TASIR39  wWol7p Ay oL
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M (sucrose) o thst B Ao AJEgFe FE= Aow HIHYY

(Fushan et al., 2009, Eny et al., 2010).

ko] 749+ epithelial sodium channel (ENaC)7} 9&S =
Z1o 2 B 2t} (Shigemura et al., 2008, Chandrashekar et al,
2010). ENaC+x X9 sodium—specific taste receptor@ <e]A]
Atk 53] nF] AEoA= - subunite] 7} wWol WA= Ao
d#x Aot (DeSimone ef al, 2006). o] EHFE dFo= 3t
AgollA,  olmAQl  amiloride’t ENaCe Az 2H&-ar
amiloridee] 2l3] ENaC7} A&tsw mZAxX o] YEFS 359
Hetea, d3t YEFA did ot AAE JAste AR
2Tt (Hellekant et al, 1988, Hellekant et al, 1991, Lin et al,

1999). Xenopus oocyteso|lA %= ENaC9 3ol UEHF o|E<

ol

AN 7= Aoz vebyth (Stihler er al, 2008). Al&oAl= ofg
ENaC 42 tgAdo]l Ash= 2oz 484 Qe=d, 538 ¢ENaC
AG63TS] F42 tgAo] oy AFolA WA Yeites Zlow
Bt (Ambrosius et al, 1999). H+ Ad =&

=
ENaC 3z thg/del uk2 st dxjo] a7k Q< gelshala,

¢

Abe]l BE QA= @ENaC 47 ©g/do] #o] & 7ksAol
ASS AAFEFYUTE (Shigemura et al, 2008). 3tA%F A 7}A
gaels o2 ¢ENaC #+d2 vdA A3 A4+ dyahd,

AHe o2 ¢ENaC fraiabgo] Aot Ao vjx= J&ol hg
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olr
i)
ox
=2
i)
4>
2
r (]
ox
M
-
O

gustin(carbonic anhydrase VI)
ofodo] AP, gustin® wH 9 Ao Azt w7t 7]E9

}

rbr
o
ftlo

ZYete AoxE deA Atk (Henkin et al, 1999). =7}
71%50] Aste =doly FAE tgo R s Ao A (Stewart—Knox
et al, 2008, Takeda et al, 2004, Yamagata et al, 2003), o}
BEA AR F A Vlsel A FE= AdE B A4S

A e dEeR F A (AT 3olME Aol ofd, 53] o &

N
N
off
o
1>
o

(e}
o
re
2

X
d

@ B Jeukocyte o} $ubAl GAA W o)

Aok QAo GFe Fe AoE FAHUH

mEkA, 2 AFg M= sk 200 > S tie® aENaC
A663T FAA tdAdS FA435t1, aENaC A663T FAAH| wE

obdl Jopireh AW 1A ke BAL AolE B Sk
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2. AT

2.1 AT TiAl g A

2ot AT 33 FAe By A1H0E oF u Ao
REAZ HAHA 93, vl FAA A%E 200 FS 4 2074
(474 104%, o1& 1039) ZASGAT 2 WA P u, A% 9A

4 HAe T digt #eFIME AASS A, 2441 IS ol &3

rg
i)
o
ofm

stol iAbgel A @ AAT 4% 2Asn FAHow

A oA 1629 (dAk 909, ol 729)el oigt AER Ao
ol gttt ¥ AT EE FALS Aed A&
+elg ol s (IRB NO.0812/001~001), =& tharAtol 7l
AT APe] g BE AFEE dEla old g FoE wokth

PAAES] BQT Fo] gida EAS AT 39 AAIH A

A Ake] @ ENaC  A663T F3dx taAS  PCR-restriction

fragment length polymorphism (RFLP) ®WHE o]g3sle] #4183t}
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QIAamp DNA blood mini kits (Qiagen, USA)E o]&3to] 200ul
Ao M total genomic DNAE FZ3+4 1t Genomic DNA 50ng<
TEO2 eENaC #4445 PCRZ o]&dto] FFHAZT (A663T
PrimerE ©]€3}%] MJ mini gradient thermal cycler, Bio—Rad,
Hercules, CA, USA) PCR HF-go] A}£-3t primer sequencet Ua3f
2t (Sugiyama et al, 2001); 5'=TCCCTCTCCAGCCTTGACAGC-
3 (sense) and 5 —TTGCTTCCCCTCCAC ACATCA-3
(antisense). ©ojWl A4 ®  PCR product(251bp)=  ethidium
bromide® 9A3t 2% agarose geldlAd H7|Y9Foz &St
@ ENaC A663T genotype=w &92l3l7] $8+9, PCR productE 10unit
Acil (New England Biolabs, Ipswich, MA, USA)EZ 37T oA
16A17F A g3t &, ethidium bromideZ M3t acrylamide gelolA
A719% S22 bandE #8dkal, Gel Doc XR system (Bio—Rad,
Hercules, CA, USA)& ol&sto] A4¥ M=o A7[E st
@ ENaC A663T 423 RFLP fragment Z7]+= A allele 125+38bp

/T allele163bp (51+37) 2% Figure 119 e}
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Figure 11. Three type of a ENaC A663T polymorphism

The RFLP fragment size of A allele is 125+38bp and RFLP fragment size of T allele is
163bp
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AT 30X A=t nkel o], A A= WEE ‘up—down’
Rl (Bartoshuk,  1978)%  ol&3sfe]  A&¥e]  fig 1A
o ] (recognition threshold) 2 S4 3Rt (Meligaard ef al, 1991).

S7F 0.85mMellA 63.38mM7HA1 9] & 15709 943 YEF §9=
FHlskgleh, AUl Q1A AX= F 23] FAsto] 1o i Bt FF
=

ROl olgegrh £E, dFeol Fe e FU I

u}
Azsdth 1L AAFo] FUd AxA] FUE 400g Wil o
FHe WA Fa 2087 FO HEST ddAelA Agd W EA
HE 25 s 50~60C AEE AE Algesla, o o
FUHET] 95: I 6.85mM0.04%)E  FAEE  FSh
Al A FUhERS WEHA @ FH, AdE A AFste] Bl

Nzel B e BFES FAT AL

o

o= I
TF T

4
)
ol
-
2
ol
!
X,
~~
—
)
w2
)
[
a
<
o
o
=
w2
(@]
=R
(@]
[u—
a
c
172
=
=N
C')
W
o
=
a
[
\-/
oL:o ikl
ol
—|—‘
_LL4

1
2AS gt HEY7h 1200 ARE BE A & RS

AgetAar,  Hag 24 AREHe S49 A4 FAA=
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24 AA AZ D DAY AL 24

AT 34 A&t el o], didAEe A%, AF ¥ BMIE
BMI =74 7]7] (BSM 330, Biospace, Korea) & ©|&3fo] £ e

zAHdel EAA. 1247 B2 INEe 54 F, 230k,

flo

ey 2@ g3y dRv FEE BASIT 89 Ax 24
oldArAE o] gFstglon, 3 ofd £+ atomic absorption
spectrometry (AAS 600, Perkin Elmer)& o] &3ate] #4591,
FJra=nl 9l g3 dFEvl 32 automatic analyzer (ADVIA 2400,

Bayer Diagnostics) & ©]&3}o] £4 ¥t}

2.5 2ol 4" 7}

GaAe] Aol zA 2447 AP A4l 71EHE o] gt

AT DE S4L 2AAGL o w Hol/1SA AYdel de
A% o] Astdlth dgRelA NA%Ae ofF ekl Y
AT BE 249 9 ¥ Am F& AA /EIEE s
AT SN o AR &L Aol W T, wR R LR

Aeaz] Al g Az g 9 5o BE =55 3 At £,

NEA A A EW B 2AHL] JEU§L AENAG. 2AE



Ak Aol AR e o ddets] dolEMol A ¥ HAF
At 2291 DS245 ol&ste] LAsY (Paik er al, 1997).
olF Estol tidAte] ofd FY¥A AIAFE AAdsd, <yA
AAE A4S flstel d%a WX, 1000kcal oA 43 2 ot
A3 % (mg/1000kcal) = ARE sHSivh. H3F 2o] ofdd o] A o]§Fol
yEAte] JEgS F= Aoz deAd 9lerZ (Lonnerdal, 2000),
yeAik-old =H]E  (phytateizinc molar raio)s ©]&3fo] ‘o] &

7158k o} (available zinc)'e AFHE A Y (Gibson et al, 2008,

WHO, 1996).

2.6 Leukocyte total RNA F= Y real—time PCR &4

AF 394 A&t vlel 2o, 1.5ml Ade|A QIAamp RNA blood
kit (Qiagen, USA)<S o] £3}t9] total RNAES F=3%¥ Y (Andree et

al, 2004). F%3% RNAY % % T B33%7 Nanodrop

OL

ki
et

(Thermo, USA)S o]€3to] 260nm& 280nm Igor Z

u
LS

m{u
o

=43k Faa, 260nm/280nm ratio’} 1.8 o]Akel Ad
Mgt (A 90, olx 72%). 0.25ug  total RNAS}
PrimeScriptTM RT reagent kit (Takara, Japan) S ©]£3}o] ¢cDNAZ
At A 2004 BNk gAY ofd BFA AHF ¥
g9xoz 7 wawsh wsle ZnT1, ZnT4, ZnT9, Zip7 o}A
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SUAG NE AT AW ok Gepgeel WA W

Aow 4zl MTE Zipls #4 el ol &3ttt 4l o83 MT,

>

otal $-Wk4l 9 GAPDH primer sequence: Table 10 YeERyIT].

¢

MT 9 oA 2Rk A8l wd %= GAPDHE reference
gene® 39, 4 ACt (Cturger—Ctrer, Cticycle number)E

Arsta 27 Xtx 10 2 o]&3te] 107! GAPDH 9 3|9 gened

ki

Z Yeh At (Andree et al, 2004).

BE EAEAHL SAS 9.3 (SAS Institute Inc.,, USA)O %

5~

TR JY 7He ddbd 54, ofd gokdHE, A QA %
AF TS zFo]+= Student’s t—testE ©]€3F¥ 1, aENaC A663T
FAAREe] FxX 9 Aol ofd AHFH 9 FH ofde mE Y 79

ol AFF BEE= JlolAlFHA (P—test) S o] &3tATE. «ENaC

AWk 8 29 (General linear model; GLM)S o] €391, oENaC
AB63T ARl mE ofd Jekide] 9 ofd HkAl wddo] vk
Ao WA= G| didl RuA BMIE dHTE Y42 JARIS

o] 33,
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20.9 kg/m® & HA oAt FoHoz HYTh (p<0.001). FH

iy W AEIEW A RE WY At fUH0E w2

e O (p<0.05) 44 9 del St
g3 ofd T 9A A (13.6£0.3xmol/L)°] HA
(14.4£0.2 pmol/L) HT FoAo 2 oy (p=0.04), 83 ofd

Fos 7€ AAE 71 (0F <11.3 pmol/L, 9 <10.7 pgmol/L)
(Gibson et al, 2008)& ol&sto] H7tsigls i, ofd AY FF2
Aol wE Aol EASHA okth. Aol ofd AFHE HA
8.910.2mg, oA 7.0£0.2mg i, ofd2 AA| o]EEL 17T
ol-§ Zkss Aol ofd AHFS EAS 3.9E0.Img, AN
3.1+0.1mg Art. FA9 Ao] otd AHFH ol ke Ao] ot
AHAF BT oAl wlEl FoHez FA YEhwEt (p<0.001).
AT oA AHAFCE BAS S8k 1000kcal & 2lo] ofd 4l

o) § 7bsd ofd AHe Aol WE oA Folr EAGA

8

ok Aol mE ok 43 A AEE wasy] 9

o

#HLHEAR) mRteR AHske gAY wlEs AvEd,
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179

< 56.3%, " 38.5%%E, o149 nBl&o]

(p<0.01).

A% GAE Wy

=

fodoe wuY

(19.3F1.2mM) ©] 4

(15.8+£0.29mM) Bt} FoAdoz =& Aoz yYehgi (p=0.02),

o

{4 (75.4£3.0mM)Ett A4

t}t (p=0.03).
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Table 25. Characteristics of the study subjects

Male (n=104) Female (n=103) .
Mean SEM Mean SEM o
General characteristics
Age (yr) 23.6 0.2 23.6 0.2 NS
BMI (kg/m?) 23.0 0.2 20.9 0.2 <0.001
Albumin (g/dl) 4.9 0.0 4.8 0.0 0.02
Hemoglobin (g/dl) 15.8 0.1 13.4 0.1 <0.001
Energy intake (kcal/day) 2116.2 44.1 1630 35.1 <0.001
Zinc nutritional status
Dietary zinc intake
Total zinc (mg) 8.9 0.2 7.0 0.2 <0.001
(mg/1000kcal) 42 0.1 44 0.1 NS
Available zinc (mg) 3.9 0.1 3.1 0.1 <0.001
(mg/1000kcal) 1.8 0.0 1.9 0.1 NS
<EAR" (%) 40 (38.9) 58 (56.3) 0.01
Serum zinc (umol/L) 14.4 0.3 13.6 0.2 0.04
Deficiency® (%) 13 (12.5) 11 (10.7) NS
Salty taste
Salty taste acuity (mM) 19.3 1.2 15.8 0.9 0.02
Salty taste preference (mM) 86.0 4.0 754 3.0 0.03

NS, not significant

a. Differences between male and female were examined by Student’s t-test or y*-test

b. EAR(Estimated average requirements) for zinc: Men - 8.1 mg/day, Women - 7
mg/day

c.  Men -<11.3 pmol/L, Women - <10.7 umol/L (Gibson ef al., 2008)
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3.2 aENaC A663T FHAY 32 4 FAAH o

Aok A Bl A

3 7e] e ENaC A663T 87 A& #4138 A3 (Table 26),
AA, AT 19 TT FAA9Y % H&o] AL 224 34.6%
48.1%, 17.3%, 9942 ztzt 359, 51.5, 12.6%%, Ade] w&
o4 Ql Aol EAeHA ekt (p=0.64). HY A EFolA F
allele A allele ©]%1 2™, A allele?] HlE+= YA A 0.59, oJ4 oA
0.62% uebgth tadAe ¢ENaC A663T Ao wa
A W Hero AolE nluwd A (Table 27), FAAF W

F4 Aol EAA oo,
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Table 26. The distribution of « ENaC A663T genotypes in male

and female subjects

aENaC Total Male Female

A663T (n=207) (n=104) (n=103) >
genotypes N (%) N (%) N (%)

AA 73 (352) 36 (34.6) 37 (359)

AT 103 (49.8) 50 (48.1) 53 (515) NS

TT 31 (15.0) 18 (17.3) 13 (12.6)
Frequenc
Aa?lele Y 0.60 0.59 0.62

NS, not significant

a. The distribution of The odENaC genotypes between male and female subjects was

examined by x*-test
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Table 27. Salty taste acuity and

genotypes in male and female ?

preference by a¢ENaC A663T

aENaC A663T AA AT TT .
genotypes
Male n=36 n=50 n=18
Salty taste threshold 203 + 120 186 £ 126 190 + 110 NS
(mM)
Salty taste preference 819 + 400 893 + 400 850 + 451 NS
(mM)
Female n=36 n=50 n=18
Salty taste threshold 180 = 115 147 = 75 140 £ 61 NS
(mM)
1 fi
Salty taste preference 717 = 317 798 + 283 676 + 312 NS
(mM)
NS, not significant
a. Data are expressed as means £ SEM
b. Trend of change in variables of male or female across aENaC A663T genotypes was

examined by GLM
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3.3 aENaC A663T A& wE ofd ke ¥
ofAZ-HHA WE o] TE Ao A= F

428 e ENaC A663T frxAd el wE g3 ofdif 2o] ofdd
AH 2 ookl ubA e wE A ofd JPTETE AR Ao
olgA #AE AE B & hdAE FHAF

o2l Uirol S AEAS ¢t A3 (Table 28 & Table 29), eENaC
AA homozygotes¥ FAAEE BH3 o4 Al o] & 715
of<d (available zinc) AFHE A% A7 FoHQd 59 #A
(standardized B = -0.833, p=0.02) & Ho]= ZAOE YElGTE Rbde,
T alleleE 7F o1 tidAtelAM = ojd g dA7F vephbA] oksktt

Tgt 3 Al A= @ ENaC A663T Ao ©E o] ofd

A7 AT AXe] m A& JF Aol HolA Fyth Edt
3 2ke] e ENaC A663T 323 e MT 9 ofdukA] #do]
A A o WA 9EE 2 Ay, 9, Y g 5 aENaC
A663T A w2 ofdd Lubdl wdo] A QAo v A=
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Table 28. Simple regression models® of predicting salty taste
threshold with zinc status and the leukocyte mRNA levels of zinc
transporters according to @ ENaC A663T genotypes in male
subjects

aENaC A663T genotypes
Predictor AA AT/TT
R2 » standardized SE R2 standardized SE »
B B
Dietary zinc intake
Total zinc 0.15 0.07 0.040 0.50 NS 0.06 NS -0.947 0.51 0.07
zzzﬂabk’ 0.5 007 0038 044 NS 004 NS 0731 047 NS
Serum zinc  0.15 0.07 0.044 0.56 NS 0.02 NS 0.562 0.55 NS
Zinc transporters
MT 0.1T NS 0.143 031 NS 0.05 NS -0.389 0.22 0.08
ZnT1 0.18 0.09 1.110 0.75 NS 0.05 NS -0.792 0.47 0.09
ZnT4 0.17 0.10 0.631 047 NS 0.03 NS -0.339 0.29 NS
ZnT9 0.13 NS -0.572 0.63 NS 0.06 NS -0.864 0.46 0.06
Zipl 0.11 NS 0.022 0.48 NS 0.06 NS -0.548 0.30 0.07
Zip7 0.13 NS 0.458 0.57 NS 0.06 NS -0.737 0.38 0.06

NS, not significant
a. Each regression models were adjusted for BMI as a potential confounder
All variables were natural logarithmically transformed.
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Table 29. Simple regression models® of predicting salty taste
threshold with zinc status and the leukocyte mRNA levels of zinc
transporters according to e ENaC A663T genotypes in female
subjects

aENaC A663T genotypes
Predictor AA AT/TT
R? » standardized SE » R: » standardized SE »
p p
Dietary zinc intake
Total zinc 0.11 NS -0.765 0.41 0.07 0.03 NS -0.19 0.32 NS
Zz:“able 0.16 005  -0833 035 002 004 NS 026 028 NS
Serum zinc  0.05 NS 0.545 0.54 NS 0.03 NS 0.314 0.37 NS
Zinc transporters
MT 0.05 NS -0.283 0.42 NS 0.01 NS 0.131 0.21 NS
ZnT1 0.06 NS -0.419 0.53 NS 0.04 NS -0.337 0.27 NS
ZnT4 0.04 NS 0.130 0.29 NS 0.05 NS -0.256 0.18 NS
ZnT9 0.04 NS 0.028 047 NS 0.05 NS -0.400 0.27 NS
Zipl 0.04 NS -0.241 0.48 NS 0.08 NS 0.452 0.25 0.08
Zip7 0.17 0.10 -0.551 0.27 0.06 0.08 NS -0.363 0.20 0.07

NS, not significant
a. Each regression models were adjusted for BMI as a potential confounder
All variables were natural logarithmically transformed.
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4, 1 ZF

B Ao, g 3 AU ¢ENaC A663T 44 thgA S
HASta, ¢ENaC A663T FAAE el wep ofd JFdeizt &t
AAe] WA= G| oA"WA BAS= AE AR AA
/dAke]l @ ENaC A663T 8289 Wk AT & (49.8%)°] 7+

Loky, 71 S AA (35.2%), TT (15.0%) «°% el A

2 2ol EAEA 2tk ¢ENaC A663T A wpe& ot
GA B HI L] Aol EAEA Gstort, FAAFH wep ofd
FoFdEzE ATt AR m X e G| Apolrh EASGTE e o] &
7best Aol ofd AFH e AU A e FoHl #AYE eENaC
AA FAAEE BG4 ANT o Z8A versh

H oy AgolA B FEAY A4 WHolrk ok Ao S =
7bs/del ¥oha HuEglth. TAS2R38 FHz fd4 wol:
phenylthiocarbamide ¥+ propylthiouracil ¢ #& £uUs Y=
4 gist gk FAo) dIFS F1 (Kim et al, 2003, Mennella et al.,
2005), Taste receptor 1 (TASIR) family®l 9 F&A4 F4#
TAS1R2%} TASIR3l o8l ZEst¥l G—coupled protein®] THgHo
et AAE A8k, TASIR3Y 34 wWol9l sucroseo| tjsh
Gt AA7F AE ARARAE 7MY (Fushan et al, 2009). spAIRE
et A Wolo] vk Gl dheiM =

2 w7b A, 71 A9 (Shigemura et al, 2008, Stihler et al,
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2008) 1A «ENaC A663T &84z thdAde] 93] ENaCe @40
g2t d,  oENaC A663THAA gdAdo] nger WAl Qolow

gty Baskglch Ee ENaCyE A obd#t vE AlxeA s

dlo
tlo

=7l Fol sodium-—specific taste® ZHET 7hsAo] 3l

rir

AAbetth a8y @ ENaC A663T thdAo]l &ul o1xlo] nlX

Gl @ AT Ao,

wEld B A= 3 200 A Aele ¢ENaC A663T

G4z NS BNy AR w2 A Qx 9 HIT

)
rlo

G E= ) 4 = =) =y /4919l @ENaC A663T FHdAES &
AFNA e} mR7HAZ Al 74 FAAEe] BF EA6 L, ¢

EFolAM A allele 9 H3F WE7F 0.6022 F2 alleledl 222
et o] A3s dE (Sugiyama et al, 2001)& H|EI U
ofrlot =7te] A#g FAFelth 71E E= (mice) Aol A= ENaC
o—subunit®] FAA  wWolZp ATE QAo o] Sl o=
YEF Sy (Shigemura et al, 2008), ¥ o= aENaC A663T
TG e AU Q1A W AR xole EAEHA okt
ENaC+ #H438t 3709 subunitl @ F+AH Q7] W&o oa—subunit
Sl B— H+ y— subunito] AT QA FFE &= T Uth
BT594M and BG442Ve & ENaC B—subunite] ENaC 4 ¢
7154 Wate] #efste Zow Ha Ytk (Pratt, 2005). 12

BENaC Az Wol= F=2 SlolA @o] yehbar ofrJoldl HE=
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Wolo|AME =EA Yeld P2 (Sugiyama et al, 2001), Ho:
ol Aol o Al = BENaC &zt Wo|7h #uk elA]e] #efst 7peAd e
AL Ao HAn gk oE ot FEATE A iAo #Hold F &

t}. ENaC+ 273 sodium—specific taste receptorzZ4% <& A

38

AA T A E Yo EAet= = 2 =842 transient receptor

potential vanilloid 1 (TRPVD) 9 ZA$E Na*, K'Y, NH,*, Ca*'Z&

b

Lo o7 oo da] wksstER At dACE dFE E
ATk mEbd o g2 AFEEE tEe

=
TRPVL % #4874 Wole 45agel et A77t A3t 54

aENaC A663T fadzdgel wg AFHAQ &5k QA8 Aol
EAEA ko, FAAF A wet ol JEFEIZE AT A4
A gFgo] tEA Agss AoE yehgth AT 394 94
tAEe] 2ol ofdd, 53] o] § 7hedt ot AF 9} AT AA 2t

fo4e BAE 2

rlr

As Fsgivt. add & Aol ol
2o] ofel AF ek ATt A e WAZF ¢ ENaC A663T frd#tdel
ugl 24 yebgth. ENaC AA homozygotesES X3k oA
g AN A o] & Thsdh Aol ofd el AFHeF &Y AX7F oAl
=% ¥ (standardized p = —0.833) & 7MAl= A% YErRa, old
BAZE T alleles H#d o4 thdatelMe debuA skt 71<E
7oA, ENaC a—subunit COOH @tel] &8k o« ENaC A663T

T8 0] ENaCe &Aof st Aoz Hussith 53], wild—
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type?l aA663—ENaCel H]ate] mutant—type?l oT663—ENaC7}
A AF, 29 o]l FbHI, YEFSY olsol {FoHow
7t e A o® BauEglth (Samaha ef al, 2004, Yan et al, 2006,
Tong et al, 2006). 2822, oENaC T663 allele H3F Algho]
aENaC AA homozygotes H.-3F AR T =2 ENaC 84 & 7R =
Ao® By o] BE He vFo = u, & A7 d3= eENaC
A663TS 47 w®olo] wet w¥] AE e ENaCe 7157 24
Weka, o] ®iskrl ofd AdEjgl AgE QAo wmA= ] Hojdh=

o7 HA webd olgs #AE Y & £ 5 e AAUSE

AT7F B astet skl

T3 B AFoae A= ¢ENaC A663T9 §47 wWolo] we
leukocyte ©oF WHAl A I guk QX #HA L Aol

Holz ¢kokh A 3eA @A didAe] A

dare]l A% leukocyte Zip7 FAA @I AT 1A 7H
GojAel ool BAE Rtk AT ¢ENaC A663T S723

B Aol ®olA gtttk mE @A tidAelAE ¢ ENaC A663T
frAAge] wE Al ofd Aeeh vt AA e WAV vEtA|
kokeh. webA oleiet el o] wE Aot EAlSE o
welrk, wba oo figh Fr4AQ Ayt Fesitt shlch whEbA

Aol ARt @ENaC fxAg uwet o] ofdd AF7F &5k dA
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2 dAgelAe= = 20t 3@ 4908 aENaC A663T
g BEXE AMui, aENaC Fdx3 o] ofd gkt 7t gk
AA e WA FFo DA BASHE AE AR d HE
A1l aENaC FAA8& #2438 A3, 2 allele> A allele® 1
HE7F 0.6002 7 ESka ol tE ofAlop Ao Ae}
FARER AL, el wE EEO Aol EASA Skt aENaC
AG63T FHAFe] w2 A oz 9 Aswe HHH Aol
EAA ko, aENaC AA FAAES BA4s o4 diadatelA
o] g 7hss o] ofd AFHeh A A e FoHA #AL

Al

i
ol

FRlaL, T alleles B33 oA tidAlZAME= ofld @A7

UEhA okgkth = aENaC A663T FdAEe o} ol A%

ey
Aok A Qe v Gl A BAS g # 3 Agick

B A7 gENaC A663T SA% wol7h Abeke] b olx|o] ulx)=

e Agow FASY: FolA 9oF A, oz o]
Awd A F 5+ s AYE AT 2 o UgR A9FL oz
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B AFo A st 2 HHE 9§49 leukocyte oFd -k

f
é‘
o
)
2

W3S =48, ofd HZEA A3 3 leukocyte oFd £k

_,d
i_:‘l
Jo
2l
2

Bl wstE AyRith B3 Ao ofd A, EF ofd U

leukocyte ©Fl WEAl Fdx #HHE o]&ste] = F2 A

18—28A1 vIRE o3 A AT AA Y leukocyte ot WA
mRNA &5 Hlash Ao 5 25 ko] foA 2ok EAlstgit
HI ROl 4 leukocyte 28] ofd WhAl FAR o] wHA
et o, 53] ZnT4, ZnT5, ZnT9, Zipl, Zip4, Zip6 F327+ 474
AZel vl Fo4 o2 vl B Hglom o] ofl uEA 9} BMI
2 AALE el foHQl o FREAE Btk 71£ Smidt e
al. (2007)¢] AFeE Bk o o] A A Mg ofdd A
frazl wglo] fodor v Aus Holnh mebd & <y dds
olef Fgshes AT AUE Bojxith FI 98t AFox A ofd
FE7E W ofolge AT gl AANF]l A ofd TR %<&
ofolgel Hal o & Aoz venth Al dd dTelAE ofd
Agol AA wiE F7F % o5F vl APE wolv o

RIS SAT kA7 obelah Wl o FEF HAUZ
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Haids ddd vz ok ¢ yolrb ofd EubA|l nwke] o
HAYE ATz a8d w7 gk wEkA olo] dE =3 a3}

Wi HiRk oA leukocyte ZnT7 AR AAF Aol B3|
F9H 07 =A LHAHAT. ZnT7S A 2¥4 TE= A 29

Aol A &b, ofdS ATAN A LZA e A UE

olF A7l= Aoz dHA v (Kirschke er al, 2003). Huang et al.

(2007) 2] Aol ZnT7 knockout mice? AF 71 9 A A HeFo]
frojdes e dus Bolth mebA ZnT7S A7 243 b
Hojate Aow Bk & AT E AA A ZnT7 mRNA

FE34 BMI 9 AALEC] fFoHl o] AAdAE HYlh =

HlgEol A ZnT7 434 2do] §oF o

R
ofX
S
o
rr
Py
rlo
N
i
re
B

Avpel wpzb7kA 2 ZnT70] A4 24y #do] Q7] wWEo

weltt

ZANEAQl Jeukocyte oF +HHA] Wdo] FE H|vF S GO R

857F 30mg/d oFd ®ZEFA HFH F leukocyte oFf

re
Ho
=
i—";
Jo
2
>

ey H3lE Ay B Ay old BHEF U leukocyte ZnT1, ZnT4,
7/nT5, 7ZnT9, Zip7 34z 3ol tzxy vlwste] Fodo=
S7FekAth 718 AFAME ofd BEA AHFH F dF ofd A
Az ddo] foHor FUFETE. Andree et al  (2004) ¢}
Aydemir et al. (2006) 2] AATolA o HZEA| A3 ¥, leukocyte
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MT¢® ZnT1l mRNA FFo] FoAoz F7ketsial, Zipl mRNA
S f9doz Zasgr. B AT E vk fjadAte ofd

BEA AH F ZnTl #A#9 @de] foHow F/HE=

W] WSS Ay wokou FoAel Wb yEuA e Jlow
Bustedtt (Liuzzi et al, 2001). ZnThH8} Zip7¢ A9+ in vivo
AF= Hud vk la, MEE o] E3t in vitro ATE RuE =,
/nThe A% AEQl Caco—2 cells& o] &3to] oA AHe + ZnTbH
mRNA 0] 28] Z7}st= AL &Qls3itt (Cragg et al, 2002).
ZnT7E& A 443 AEQ RWPE-1 cellg o] &3te] ot A F

Zip7 FAA Ede] Wl #EHA oy, duld FES

ZFaste RS B9t (Huang ef al, 2005). ZnT9x ofd A

ko

= ®Zo dd in vitro ¥ in vivodl ddt A7} ofA HuE wl
Ath (Lichten and Cousins, 2009). wWefr 2 ATo|A = oF& Q1A
Ao gt AF7F mHg leukocyte ofd +WEAC] ofel HF &
A g WEE Bgte oA Qs Ado. aga

leucocyte ZnT4, 7ZnT5, Znt9 % Zip7°o] AW o}d Are] wW3lo
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Hbgehes ol RWHAlR HoAuy, el At 4 Al iRt
Hafjok & Zloja, of A AdE Untstety]

AallA= A7 AlEES ddeR g % A4t #e% Ao

7 @S AU okl IR AR AAe] vAE P

o

Bz 209 A (3 n=104, o] n=103)< tA}oz o] oA

)

o] 4 7}538t Aol o (available zinc) A3, 3% o} 9 leukocyte

ohel

Wb o] AR Q1Ae] A 9% A, Ao A%

il

Ho

leukocyte ZnT9 mRNA FF2 &gk 92 208 {270 §2 74
(standardized 8=-0.048)5 R, JA9] A, o] 7l&3 2o
olel (available zinc)%A13 9} leukocyte Zip7 mRNA <o) #uk
oAxet A7 FAAd F WAE e o=

(standardized B =-0.467; standardized B=-0.479). X3t Zip7
mRNA o] 949 A%t 9x& 7HE & Adsts 29 A=
gelakdth (R*=0.12, p=0.01). w7z} 7]5°] At A} (Takeda et
al, 2004)1} =9l (Stewart—Knox et al, 2008)S tjdo=z 3+ 7|&

ATME ofd FFdenet &%k AATE F94Ql Fo #AE 7=

Ghskrh. WY ofde olddpdH Foel bg del AgHE A5
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gAow B ATdA dF ofdm Y AX ke AT el

Uebg 4 gl gtk 2 AT Asel wEw, A%F g ok
5

AH 8okl kAl FAAE ¥ We A RE Bl

aENaC A663T A g d3ds & A3y, «ENaC A663T
FAAG wpel ofd JoAE 7l AUk Qx| v P Xfolvf
A 5t ol & 4 QA o449 Ag, o] § 7FeTt Ao] ofdd

(available zinc)gF ¢+ #UF 12 71 {94 <Ql okl AAV EA8HS

A

i
ol
rlr
o

gl of#fgh &k A9} o] g Zhsd o] ofdd (available
zinc) A3 7t BAZL @ENaC AA FAAFE EH3 4404 o

ZotAl dEbstal  (standardized 8=-0.833), T allelesr E#3%
ofdelM= yEhA 4tk V1€ AFelM eENaC  A663T
fradAdol ENaCel &4 sojshs Zo2 HiHIH. 53],

mutant—type¢l oT663—ENaC7} Z&Ast= A9, ¥ o)
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7ML, HEFY olFs #FYACR ol ZACoR HiuHY
(Samaha et al, 2004, Yan et al, 2006, Tong et al., 2006). 13 22,
aENaC T663 allele B3t AF&ro] aENaC AA homozygotes X3t
AlFRET & ENaC 845 7 ZoE Bt o Ee S
o] &, & A5 A= ENaCo 44 wolo]| wet mjg A
U] ENaCel 7154 €4 Watar, o] Wyt ofed Abejsl 5k 1%
A G #olsts AoE B shAW ofd HbAl e

ok Q1A eke]l #A= @ENaC FAxE o] wE ol HolA

= AFelMe 71EY FE A79 29 ¢ENaC A663T 348l
o A A AU QA9 Aoz EASHA gkt I ARlo R, o
OE QQlo] &k iAo o = Q17] wEoltt & o ENaC+
22 sodium—specific taste receptorZWF L&A YA, w]F A E
ol EA43= = v $849 transient receptor potential
vanilloid 1 (TRPV1)¢ A4+ Na®, K, NH,", Ca”"& E@3t o7
oo sl whgsty] wEel AE IAe] dFE = T Sdth
b o B2 AEES UdoR AUk dXef wA= ENaCsl

TRPV1 F F4d#F WHol9] A5 z2hgo st 7} & st} sh2lt,

R AT A g 2y, 2 Aol e AT Azl ofd JHH
8l ¢ENaC A663T +349 te A7 F38HA HehdA] sty

o

BoAsEel gEe FE e 9¢ W fd 24 6% o AL,

<



%= 7 9o (Drewnowski,

1997). WA oy Q5L
aENaC A663T

Mo

bAT,
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B o AFo A st 22 B|YE 9JA 9 leukocyte o} uHA

A

W} 3]

1l

o
2l

=

Mo

Uy Es gRlsta, ofd BEAl A3 F leukocyte oFdA

A B Wsks AvRaa egivh B3 o] ofd A, 94

ONI

A A dde o] g8t =

bR
rlo

galel obedl GopgElE HAskm, oENaC A663T f44 tE4S

it

AA ke A ] B = HHowE FIGEH, TL
AE Qokstd Tt #Zrt
1) %k 9§43 9] leukocyte ZnT4, ZnT5, ZnT9, Zipl, Zip4, Zip6

FRAAZE A AT Aol ws feHem WA Ed Holow o

o}al &ukxl mRNA 43 BMI 9 AAHLE 7he] 494 L9
AAAAE B vbd B oA 9 leukocyte ZnT7 A= A4

2) At ofd RbAl FAA TEo]l W HN oS fde=

8F7F 30mg/d o} HEFA AHFH 3, leukocyte ZnT1, ZnT4, ZnT5,

X

ZnT9 W Zip7 mRNA o] Fo8 o=z F78t%

3) B B HA9 o] okel W o] § sF5a o] okel (available

zinc) A%, @3 o}d W leukocyte o} EukA] W o] guF Qx|
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s YEs 2 A, 99 A9 leukocyte ZnT9 mRNA &

A A9 7k f94Q 59 #A  (standardized 5=-0.048)F
B, o4 A, ol& 7k o] o} (available zinc)AF
(standardized B =-0.467)29 leukocyte Zip7 mRNA =
(standardized B=-0.479)c] x4t AXe} 7}z FoFd 9
HAE Ze AOE JERTh E9 Zip? mRNA 0] oA »ut

AN E b 2 Aets Q9lo|gth(R*=0.12, p=0.01).

D EF oled@ okl PRl AL AA w9 WA vAE

—

aENaC A663T 42 tdAde &S & A3, oA »uk QA 9}
o]4 7}s38k Ao] ofd (available zinc)$Fe] A7} @ENaC AA
FAAREE BF5F g o AsHA YER L (standardized B =-—

0.833). T alleleg H 3 oJdor = YEFA] 9k

J2]3 ¢ENaC A663T F8Ade wE 93 A% dAE & +
Atk SARS 7hAT TS ofd BEA AAF T unk o] AR
leukocyte oFd -WHAl FHA wFo] Frhete Ae s,
ol oAt

Al Fo7F F st

%
N
12
=]
R
rEl
s
ffo
=
o
o
fu
ol
ol
b3
ful
rlr
W)
=2
o
ihd
=
o)
X

SHA| T o]AFe] AFfo A HvE A2 JA 9] ANFAQl leukocyte oF4d

HEA] 2k ddo] A AT el Hlel frodo® Wik, ofd
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2lo] o}¢d (available

T

0]
pal

1

< leukocyte ZnT1, ZnT4,
[e)

%

H
2 A

A
o olg 7}

A
zinc) 23 9 leukocyte ZnT99} Zip7

&

Z ofel B

Zip7 oFdd

7ZnT9 4

ZnTh,

a ENaC

O

o
offl
ok

x
N

=
2

0

N
oy
oF

=i
=~

7E WA okl

o] 3449 Zip7 ot &b

A neh g w

o

H

12] k2] A of
A1

o
R

b
o] obdd

A663T 3ol wet e}
4

Al

P, HEg kel A

95

A7t

Els

Ao =

offl
vl

~E

162



IX. FiE

¢

Aggett, P. J. & Mills, C. F. (1989). Zinc in human biology. In: Zinc in
human biology, New York, Springer—Verlag.

Allan, A. K., Hawksworth, G. M., Woodhouse, L. R., Sutherland, B.,
King, J. C. & Beattie, J. H. (2000). Lymphocyte
metallothionein mRNA responds to marginal zinc intake in
human volunteers. Br J Nutr, 84, 747—56.

Ambrosius, W. T., Bloem, L. J., Zhou, L., Rebhun, J. F., Snyder, P. M.,
Wagner, M. A., Guo, C. & Pratt, J. H. (1999). Genetic variants
in the epithelial sodium channel in relation to aldosterone and
potassium excretion and risk for hypertension. Hypertension,
34, 631—7.

Andree, K. B., Kim, J., Kirschke, C. P., Gregg, J. P., Paik, H., Joung, H.,
Woodhouse, L., King, J. C. & Huang, L. (2004). Investigation
of lymphocyte gene expression for use as biomarkers for zinc
status in humans. J Nutr, 134, 1716—23.

Aydemir, T. B., Blanchard, R. K. & Cousins, R. J. (2006). Zinc
supplementation of young men alters metallothionein, zinc
transporter, and cytokine gene expression in leukocyte
populations. Proc Natl Acad Sci U S A, 103, 1699—704.

Bae, Y. J., Kim, M. H. & Yeon, J. Y. (2012). Evaluation of dietary zinc,
copper, manganese and selenium intake in female university
students. Korean J Community Nutr. , 17, 146—155.

Baker, E. H., Dong, Y. B., Sagnella, G. A., Rothwell, M., Onipinla, A. K.,
Markandu, N. D., Cappuccio, F. P., Cook, D. G., Persu, A.,
Corvol, P., Jeunemaitre, X., Carter, N. D. & Macgregor, G. A.
(1998). Association of hypertension with T594M mutation in
beta subunit of epithelial sodium channels in black people
resident in London. Lancet, 351, 1388—92.

Bartoshuk, L. M. (1978). The psychophysics of taste. Am J Clin Nutr,
31, 1068-77.

Begin—Heick, N., Dalpe—Scott, M., Rowe, J. & Heick, H. M. (1985).
Zinc supplementation attenuates insulin secretory activity in
pancreatic islets of the ob/ob mouse. Diabetes, 34, 179—84.

Begum, N. A., Kobayashi, M., Moriwaki, Y., Matsumoto, M.,
Toyoshima, K. & Seya, T. (2002). Mycobacterium bovis BCG

163

J’m-! -‘~:3| : 1_]| e

l



cell wall and lipopolysaccharide induce a novel gene, BIGM103,
encoding a 7—TM protein: identification of a new protein
family having Zn-—transporter and Zn—metalloprotease
signatures. Genomics, 80, 630—45.

Bibbins—Domingo, K., Chertow, G. M., Coxson, P. G., Moran, A.,
Lightwood, J. M., Pletcher, M. J. & Goldman, L. (2010).
Projected effect of dietary salt reductions on future
cardiovascular disease. N Engl/ J Med, 362, 590—9.

Brown, K. H., Peerson, J. M., Rivera, J. & Allen, L. H. (2002). Effect
of supplemental zinc on the growth and serum zinc
concentrations of prepubertal children: a meta—analysis of
randomized controlled trials. Am J Clin Nutr, 75, 1062—-71.

Brown, K. H., Rivera, J. A., Bhutta, Z., Gibson, R. S., King, J. C,,
Lonnerdal, B., Ruel, M. T., Sandtrom, B., Wasantwisut, E. &
Hotz, C. (2004). International Zinc Nutrition Consultative
Group (IZINCG) technical document #1. Assessment of the
risk of zinc deficiency in populations and options for its control.
Food Nutr Bull, 25, S99—203.

Cao, J., Bobo, J. A., Liuzzi, J. P. & Cousins, R. J. (2001). Effects of
intracellular zinc depletion on metallothionein and ZIP2
transporter expression and apoptosis. J Leukoc Biol, 70, 559—
66.

Caterson, I. D., Hubbard, V., Bray, G. A., Grunstein, R., Hansen, B. C.,
Hong, Y., Labarthe, D., Seidell, J. C. & Smith, S. C., Jr. (2004).
Prevention Conference VII: Obesity, a worldwide epidemic
related to heart disease and stroke: Group III: worldwide
comorbidities of obesity. Circulation, 110, e476—83.

Cavan, K. R., Gibson, R. S., Grazioso, C. F., Isalgue, A. M., Ruz, M. &
Solomons, N. W. (1993). Growth and body composition of
periurban Guatemalan children in relation to zinc status: a
cross—sectional study. Am J Clin Nutr, 57, 334—43.

Chandrashekar, J., Kuhn, C., Oka, Y., Yarmolinsky, D. A., Hummler, E.,
Ryba, N. J. & Zuker, C. S. (2010). The cells and peripheral
representation of sodium taste in mice. Nature, 464, 297—301.

Chen, M. D. & Lin, P. Y. (2000a). Zinc—induced hyperleptinemia
relates to the amelioration of sucrose—induced obesity with
zinc repletion. Obes Fes, 8, 525—9.

Chen, M. D., Lin, P. Y., Cheng, V. & Lin, W. H. (1996). Zinc

164



supplementation aggravates body fat accumulation in
genetically obese mice and dietary—obese mice. Biol Trace
FElem Res, 52, 125—32.

Chen, M. D., Song, Y. M. & Lin, P. Y. (2000b). Zinc may be a mediator
of leptin production in humans. Life Sci, 66, 2143—9.

Chimienti, F., Devergnas, S., Favier, A. & Seve, M. (2004).
Identification and cloning of a beta—cell—specific zinc
transporter, ZnT—8, localized into insulin secretory granules.
Diabetes, 53, 2330—7.

Choi, M. K., Kim, H. S., Lee, W. Y., Lee, H., Ze, K. R. & Park, J. D.
(2005). Comparative evaluation of dietary intkaes of calcium,
phosphorus, iron, and zinc in rural coastal, and urban distirct. J
Korean Soc. Food Sci. Nutr., 34, 659—666.

Cousins, R. J. (1994). Metal elements and gene expression. Annu Rev
Nutr, 14, 449—69.

Cousins, R. J., Blanchard, R. K., Popp, M. P., Liu, L., Cao, J., Moore, J.
B. & Green, C. L. (2003). A global view of the selectivity of
zinc deprivation and excess on genes expressed in human
THP—1 mononuclear cells. Proc Natl Acad Sci U S A, 100,
6952—17.

Cragg, R. A., Christie, G. R., Phillips, S. R., Russi, R. M., Kury, S.,
Mathers, J. C., Taylor, P. M. & Ford, D. (2002). A novel zinc—
regulated human zinc transporter, hZTL1, is localized to the
enterocyte apical membrane. J Bio/ Chem, 277, 22789—97.

Cragg, R. A., Phillips, S. R., Piper, J. M., Varma, J. S., Campbell, F. C.,
Mathers, J. C. & Ford, D. (2005). Homeostatic regulation of
zinc transporters in the human small intestine by dietary zinc
supplementation. Gut, 54, 469—78.

De Benoist, B., Darnton—Hill, I., Davidsson, L., Fontaine, O. & Hotz, C.
(2007). Conclusions of the Joint WHO/UNICEF/IAEA/IZINCG
Interagency Meeting on Zinc Status Indicators. Food Nutr Bull,
28, S480—4.

Desimone, J. A. & Lyall, V. (2006). Taste receptors in the
gastrointestinal tract III. Salty and sour taste: sensing of
sodium and protons by the tongue. Am J Physiol Gastrointest
Liver Physiol, 291, G1005—10.

Dos Santos Rocha, P. B., De Castro Amorim, A., De Sousa, A. F., Do
Monte, S. J., Da Mata Sousa, L. C., Do Nascimento Nogueira, N.,

165



Neto, J. M. & Do Nascimento Marreiro, D. (2011). Expression
of the zinc transporters genes and metallothionein in obese
women. Biol Trace Elem Res, 143, 603—11.

Drewnowski, A. (1997). Taste preferences and food intake. Annu Rev
Nutr, 17, 237—53.

Dufner—Beattie, J., Kuo, Y. M., Gitschier, J. & Andrews, G. K. (2004).
The adaptive response to dietary zinc in mice involves the
differential cellular localization and zinc regulation of the zinc
transporters ZIP4 and ZIP5. J Biol Chem, 279, 49082—90.

Dufner—Beattie, J., Wang, F., Kuo, Y. M., Gitschier, J., Eide, D. &
Andrews, G. K. (2003). The acrodermatitis enteropathica gene
ZIP4 encodes a tissue—specific, zinc—regulated zinc
transporter in mice. J Biol Chem, 278, 33474—81.

Ennes Dourado Ferro, F., De Sousa Lima, V. B., Mello Soares, N. R,
Franciscato Cozzolino, S. M. & Do Nascimento Marreiro, D.
(2011). Biomarkers of metabolic syndrome and its relationship
with the zinc nutritional status in obese women. Nutr Hosp, 26,
650—4.

Eny, K. M., Wolever, T. M., Corey, P. N. & El-Sohemy, A. (2010).
Genetic variation in TASIR2 (Ilel91Val) is associated with
consumption of sugars in overweight and obese individuals in 2
distinct populations. Am J Clin Nutr, 92, 1501—10.

Ferguson, E. L., Gibson, R. S., Thompson, L. U. & Ounpuu, S. (1989).
Dietary calcium, phytate, and zinc intakes and the calcium,
phytate, and zinc molar ratios of the diets of a selected group
of East African children. Am J Clin Nutr, 50, 1450—6.

Fushan, A. A., Simons, C. T., Slack, J. P., Manichaikul, A. & Drayna, D.
(2009). Allelic polymorphism within the TAS1R3 promoter is
associated with human taste sensitivity to sucrose. Curr Biol,
19, 1288—93.

Gaither, L. A. & Eide, D. J. (2001). The human ZIP1 transporter
mediates zinc uptake in human K562 erythroleukemia cells. J
Biol Chem, 276, 22258—64.

Garcia, O. P., Long, K. Z. & Rosado, J. L. (2009). Impact of
micronutrient deficiencies on obesity. Nutr Rev, 67, 559—72.

Gibson, R. S., Ferguson, E. F., Vanderkooy, P. D. & Macdonald, A. C.
(1989). Seasonal variations in hair zinc concentrations in
Canadian and African children. Scr Total Environ, 84, 291 —38.

166



Gibson, R. S., Hess, S. Y., Hotz, C. & Brown, K. H. (2008). Indicators
of zinc status at the population level: a review of the evidence.
Br J Nutr, 99 Suppl 3, S14—23.

Gibson, R. S. & Huddle, J. M. (1998). Suboptimal zinc status in
pregnant Malawian women: its association with low intakes of
poorly available zinc, frequent reproductive cycling, and
malaria. Am J Clin Nutr, 67, 702—9.

Gibson, R. S., Skeaff, M. & Williams, S. (2000). Interrelationship of
indices of body composition and zinc status in 11—yr—old New
Zealand children. Biol Trace Elem Res, 75, 65—77.

Gibson, R. S., Smit Vanderkooy, P. D. & Thompson, L. (1991). Dietary
phytate x calcium/zinc millimolar ratios and zinc nutriture in
some Ontario preschool children. Bio/ Trace Elem Res, 30,
87—94.

Goto, T., Komai, M., Suzuki, H. & Furukawa, Y. (2001). Long—term
zinc deficiency decreases taste sensitivity in rats. J Nutr, 131,
305-10.

Grider, A., Bailey, L. B. & Cousins, R. J. (1990). Erythrocyte
metallothionein as an index of zinc status in humans. Proc Natl
Acad Sci U S A, 87, 1259-62.

Guillard, O., Piriou, A., Gombert, J. & Reiss, D. (1979). Diurnal
variations of zinc, copper and magnesium in the serum of
normal fasting adults. Biomedicine, 31, 193—4.

Halsted, J. A., Hackley, B. M. & Smith, J. C., Jr. (1968). Plasma—zinc
and copper in pregnancy and after oral contraceptives. Lancet,
2, 278-9.

Hambidge, K. M., Goodall, M. J., Stall, C. & Pritts, J. (1989). Post—
prandial and daily changes in plasma zinc. J 7race Elem
FElectrolytes Health Dis, 3, 55—7.

Hambidge, M. (2000). Human zinc deficiency. J Nutr, 130, 1344S—-9S.

Hayes, J. E., Sullivan, B. S. & Duffy, V. B. (2010). Explaining
variability in sodium intake through oral sensory phenotype,
salt sensation and liking. Physiol Behav, 100, 369—80.

He, F. J. & Macgregor, G. A. (2007). Salt, blood pressure and
cardiovascular disease. Curr Opin Cardiol, 22, 298—305.
Hellekant, G., Dubois, G. E., W., R. T. & H., V. D. W. (1988). On the
gustatory effect of amiloride in the monkey (Macaca mulatto)

Chem. Senses, 13, 89—93.

167



Hellekant, G. & Ninomiya, Y. (1991). On the taste of umami in
chimpanzee. Physiol Behav, 49, 927 —34.

Henkin, R. I., Martin, B. M. & Agarwal, R. P. (1999). Decreased
parotid saliva gustin/carbonic anhydrase VI secretion: an
enzyme disorder manifested by gustatory and olfactory
dysfunction. Am J Med Sci, 318, 380—91.

Hobisch—Hagen, P., Mortl, M. & Schobersberger, W. (1997).
Hemostatic disorders in pregnancy and the peripartum period.
Acta Anaesthesiol Scand Suppl, 111, 216—7.

Huang, L., Kirschke, C. P. & Gitschier, J. (2002). Functional
characterization of a novel mammalian zinc transporter, ZnT6.
J Biol Chem, 277, 26389—95.

Huang, L., Kirschke, C. P., Zhang, Y. & Yu, Y. Y. (2005). The ZIP7
gene (Slc39a7) encodes a zinc transporter involved in zinc
homeostasis of the Golgi apparatus. J Biol/ Chem, 280, 15456—
63.

Huang, L., Yu, Y. Y., Kirschke, C. P., Gertz, E. R. & Lloyd, K. K.
(2007). Znt7 (Slc30a7) —deficient mice display reduced body
zinc status and body fat accumulation. J Bio/ Chem, 282,
37053-63.

Jacobs, R. M., Lumsden, J. H., Taylor, J. A. & Grift, E. (1991). Effects
of interferents on the kinetic Jaffe reaction and an enzymatic
colorimetric test for serum creatinine concentration
determination in cats, cows, dogs and horses. Can J Vet Res,
55, 150—4.

Joung, H., Nam, G., Yoon, S., Lee, J., Shim, J. E. & Paik, H. Y. (2004).
Bioavailable zinc intake of Korean adults in relation to the
phytate content of Korean foods. Journal of Food Composition
and Analysis, 17, 713—724.

Kambe, T., Narita, H., Yamaguchi—Iwai, Y., Hirose, J., Amano, T.,
Sugiura, N., Sasaki, R., Mori, K., Iwanaga, T. & Nagao, M.
(2002). Cloning and characterization of a novel mammalian
zinc transporter, zinc transporter 5, abundantly expressed in
pancreatic beta cells. J Bio/ Chem, 277, 19049—55.

Kaplan, G. B., Sethi, R. K., Mcclelland, E. G. & Leite—Morris, K. A.
(1998). Regulation of G protein—mediated adenylyl cyclase in
striatum and cortex of opiate—dependent and opiate
withdrawing mice. Brain Res, 788, 104—10.

168



Kay, R. G., Tasman—Jones, C., Pybus, J., Whiting, R. & Black, H.
(1976). A syndrome of acute zinc deficiency during total
parenteral alimentation in man. Ann Surg, 183, 331—40.

Kcdc 2011. Korea Health Statistics 2010 : Korea National Health and
Nutrition Examination Survey (KNHANES V—1).

Kelleher, S. L. & Lonnerdal, B. (2003). Zn transporter levels and
localization change throughout lactation in rat mammary gland
and are regulated by Zn in mammary cells. J Nutr, 133, 3378—
85.

Kim, C. H., Paik, H. Y. & J., J. H. (1999). Evaluation of Zinc and
Copper Status in Korean College Women. Korean J. Nutr., 32,
277—286.

Kim, J., Paik, H. Y., Joung, H., Woodhouse, L. R., Li, S. & King, J. C.
(2004). Zinc supplementation reduces fractional zinc
absorption in young and elderly korean women. J Am Coll Nutr,
23, 309—15.

Kim, U. K., Jorgenson, E., Coon, H., Leppert, M., Risch, N. & Drayna,
D. (2003). Positional cloning of the human quantitative trait
locus underlying taste sensitivity to phenylthiocarbamide.
Science, 299, 1221 —5.

Kimmons, J. E., Blanck, H. M., Tohill, B. C., Zhang, J. & Khan, L. K.
(2006). Associations between body mass index and the
prevalence of low micronutrient levels among US adults.
MedGenlMed, 8, 59.

King, J. C. (1990). Assessment of zinc status. J Nutr, 120 Suppl 11,
1474-9.

King, J. C., Shames, D. M., Lowe, N. M., Woodhouse, L. R., Sutherland,
B., Abrams, S. A., Turnlund, J. R. & Jackson, M. J. (2001).
Effect of acute zinc depletion on zinc homeostasis and plasma
zinc kinetics in men. Am J Clin Nutr, 74, 116—24.

Kirschke, C. P. & Huang, L. (2003). ZnT7, a novel mammalian zinc
transporter, accumulates zinc in the Golgi apparatus. J Biol
Chem, 278, 4096—102.

Kitamura, H., Morikawa, H., Kamon, H., Iguchi, M., Hojyo, S., Fukada,
T., Yamashita, S., Kaisho, T., Akira, S., Murakami, M. & Hirano,
T. (2006). Toll-like receptor—mediated regulation of zinc
homeostasis influences dendritic cell function. Nat Immunol, 7,
971-7.

169



Kns (2010). Dietary reference intakes for Koreans, 1st revision,
2010, The Korean nutrition society.

Kwon, C. S., Kountouri, A. M., Mayer, C., Gordon, M. J., Kwun, I. S. &
Beattie, J. H. (2007). Mononuclear cell metallothionein mRNA
levels in human subjects with poor zinc nutrition. Br J Nutr, 97,
247-54.

Kwun, I. S. & Kwon, C. S. (2000). Dietary molar ratios of phytate:zinc
and millimolar ratios of phytate x calcium:zinc in South
Koreans. Biol Trace Elem Res, 75, 29—41.

Langmade, S. J., Ravindra, R., Daniels, P. J. & Andrews, G. K. (2000).
The transcription factor MTF—1 mediates metal regulation of
the mouse ZnT1 gene. J Biol Chem, 275, 34803—9.

Lee, S. L., Yoon, J. S., Kwon, C. S., Beattie, J. H. & Kwun, I. S.
(2004a). Zinc Status Assessment by Analysis of Mononuclear
Cell Metallothionein mRNA Using Competitive—Reverse
Transcriptase—Polymerase Chain Reaction. Journal of Food
Science and Nutrition, 9, 276—282.

Lee, W. L., Kwak, E. H., Yoon, J. S., Kwon, C. S., Beattie, J. H. &
Kwun, I. S. (2004b). Zinc Nutritional Status in Korean Adults
from Rural, Urban and Metropolitan Areas. Journal of Food
Science and Nutrition, 9, 174—182.

Lichten, L. A. & Cousins, R. J. (2009). Mammalian zinc transporters:
nutritional and physiologic regulation. Annu Rev Nutr, 29,
153-76.

Lin, W., Finger, T. E., Rossier, B. C. & Kinnamon, S. C. (1999).
Epithelial Na+ channel subunits in rat taste cells: localization
and regulation by aldosterone. J Comp Neurol, 405, 406—20.

Liuzzi, J. P., Blanchard, R. K. & Cousins, R. J. (2001). Differential
regulation of zinc transporter 1, 2, and 4 mRNA expression by
dietary zinc in rats. J Nutr, 131, 46—52.

Liuzzi, J. P., Bobo, J. A., Lichten, L. A., Samuelson, D. A. & Cousins, R.
J. (2004). Responsive transporter genes within the murine
intestinal —pancreatic axis form a basis of zinc homeostasis.
Proc Natl Acad Sci U S A, 101, 14355—60.

Lonnerdal, B. (2000). Dietary factors influencing zinc absorption. J
Nutr, 130, 13785—83S.

Lowe, N. M., Fekete, K. & Decsi, T. (2009). Methods of assessment
of zinc status in humans: a systematic review. Am J Clin Nutr,

170



89, 2040S—-2051S.

Lowe, N. M., Woodhouse, L. R., Sutherland, B., Shames, D. M., Burri,
B. J., Abrams, S. A., Turnlund, J. R., Jackson, M. J. & King, J.
C. (2004). Kinetic parameters and plasma zinc concentration
correlate well with net loss and gain of zinc from men. J Nutr,
134, 2178-81.

Ma, Z., Gingerich, R. L., Santiago, J. V., Klein, S., Smith, C. H. & Landt,
M. (1996). Radioimmunoassay of leptin in human plasma. Clin
Chem, 42, 942-6.

Manning, D. L., Daly, R. J., Lord, P. G., Kelly, K. F. & Green, C. D.
(1988). Effects of oestrogen on the expression of a 4.4 kb
mRNA in the ZR—75—1 human breast cancer cell line. Mo/ Cell
Endocrinol, 59, 205—12.

Marreiro, D. N., Fisberg, M. & Cozzolino, S. M. (2004). Zinc
nutritional status and its relationships with hyperinsulinemia in
obese children and adolescents. Bio/ Trace Elem Res, 100,
137—49.

Mccall, K. A., Huang, C. & Fierke, C. A. (2000). Function and
mechanism of zinc metalloenzymes. J Nutr, 130, 1437S—468S.

Mcdaid, O., Stewart—Knox, B., Parr, H. & Simpson, E. (2007). Dietary
zinc intake and sex differences in taste acuity in healthy young
adults. J Hum Nutr Diet, 20, 103—10.

Mcmahon, R. J. & Cousins, R. J. (1998). Regulation of the zinc
transporter ZnT—1 by dietary zinc. Proc Natl Acad Sci U S A,
95, 4841-6.

Meligaard, M., Civille, G. V. & Carr, B. T. (1991). Sensory evaluation
techniques (Znd edition), Boca Raton : CRC Press.

Meneton, P., Jeunemaitre, X., De Wardener, H. E. & Macgregor, G. A.
(2005). Links between dietary salt intake, renal salt handling,
blood pressure, and cardiovascular diseases. Physiol Rev, 85,
679-715.

Mennella, J. A., Pepino, M. Y. & Reed, D. R. (2005). Genetic and
environmental determinants of bitter perception and sweet
preferences. Pediatrics, 115, e216—22.

Murgia, C., Vespignani, 1., Cerase, J., Nobili, F. & Perozzi, G. (1999).
Cloning, expression, and vesicular localization of zinc
transporter Dri 27/ZnT4 in intestinal tissue and cells. Am J
Physiol, 277, G1231—9.

171



Murphy, S. P., Beaton, G. H. & Calloway, D. H. (1992). Estimated
mineral intakes of toddlers: predicted prevalence of
inadequacy in village populations in Egypt, Kenya, and Mexico.
Am J Clin Nutr, 56, 565—72.

Nishi, Y. (1996). Zinc and growth. J Am Coll Nutr, 15, 340—4.

Overbeck, S., Uciechowski, P., Ackland, M. L., Ford, D. & Rink, L.
(2008). Intracellular zinc homeostasis in leukocyte subsets is
regulated by different expression of zinc exporters ZnT—1 to
ZznT—9. J Leukoc Biol, 83, 368—80.

Ozata, M., Mergen, M., Oktenli, C., Aydin, A., Sanisoglu, S. Y., Bolu, E.,
Yilmaz, M. 1., Sayal, A., Isimer, A. & Ozdemir, 1. C. (2002).
Increased oxidative stress and hypozincemia in male obesity.
Clin Biochem, 35, 627—31.

Padmavathi, 1. J., Kishore, Y. D., Venu, L., Ganeshan, M., Harishankar,
N., Giridharan, N. V. & Raghunath, M. (2009). Prenatal and
perinatal zinc restriction: effects on body composition, glucose
tolerance and insulin response in rat offspring. Exp Physiol, 94,
761-9.

Paik, H. & Kim, K. 1997. DS24. Seoul Nation University, Human
Nutrition Lab. & Sook Myung University, AI/DB Lab. .

Palmiter, R. D., Cole, T. B., Quaife, C. J. & Findley, S. D. (1996).
ZnT—3, a putative transporter of zinc into synaptic vesicles.
Proc Natl Acad Sci U S A, 93, 14934—9.

Palmiter, R. D. & Findley, S. D. (1995). Cloning and functional
characterization of a mammalian zinc transporter that confers
resistance to zinc. EMBO J, 14, 639—49.

Palmiter, R. D. & Huang, L. (2004). Efflux and compartmentalization
of zinc by members of the SLC30 family of solute carriers.
Pflugers Arch, 447, 744—51.

Persu, A., Barbry, P., Bassilana, F., Houot, A. M., Mengual, R.,
Lazdunski, M., Corvol, P. & Jeunemaitre, X. (1998). Genetic
analysis of the beta subunit of the epithelial Na+ channel in
essential hypertension. Hypertension, 32, 129—37.

Pickering, T. G., Hall, J. E., Appel, L. J., Falkner, B. E., Graves, J., Hill,
M. N., Jones, D. W., Kurtz, T., Sheps, S. G. & Roccella, E. J.
(2005). Recommendations for blood pressure measurement in
humans and experimental animals: Part 1: blood pressure
measurement in humans: a statement for professionals from

172



the Subcommittee of Professional and Public Education of the
American Heart Association Council on High Blood Pressure
Research. Hypertension, 45, 142—61.

Pilch, S. M. & Senti, F. R. (1985). Analysis of zinc data from the
second National Health and Nutrition Examination Survey
(NHANES 1I). J Nutr, 115, 1393-7.

Pinna, K., Woodhouse, L. R., Sutherland, B., Shames, D. M. & King, J.
C. (2001). Exchangeable zinc pool masses and turnover are
maintained in healthy men with low zinc intakes. J Nutr, 131,
2288—-94.

Pratt, J. H. (2005). Central role for ENaC in development of
hypertension. J Am Soc Nephrol, 16, 3154—9.

Rofe, A. M., Philcox, J. C. & Coyle, P. (1996). Trace metal, acute
phase and metabolic response to endotoxin in metallothionein—
null mice. Biochem J, 314 (Pt 3), 793-7.

Salvetti, G., Santini, F., Versari, D., Virdis, A., Fierabracci, P.,
Scartabelli, G., Pucci, A., Galli, G., Piaggi, P., Taddei, S., Vitti,
P., Salvetti, A. & Pinchera, A. (2008). Fat distribution and
cardiovascular risk in obese women. Obesity and Metabolism —
Milan, 4, 202—207.

Samaha, F. F., Rubenstein, R. C., Yan, W., Ramkumar, M., Levy, D. L.,
Ahn, Y. J., Sheng, S. & Kleyman, T. R. (2004). Functional
polymorphism in the carboxyl terminus of the alpha—subunit of
the human epithelial sodium channel. J Biol Chem, 279,
23900—7.

Sandstrom, B. (1997). Bioavailability of zinc. Eur J Clin Nutr, 51 Suppl
1, S17-9.

Saydam, N., Adams, T. K., Steiner, F., Schaffner, W. & Freedman, J. H.

(2002). Regulation of metallothionein transcription by the
metal—responsive transcription factor MTF—1: identification of
signal transduction cascades that control metal—inducible
transcription. J Biol Chem, 277, 20438—45.

Schroeder, J. J. & Cousins, R. J. (1990). Interleukin 6 regulates
metallothionein gene expression and zinc metabolism in
hepatocyte monolayer cultures. Proc Natl Acad Sci U S A, 87,
3137—41.

Shigemura, N., Ohkuri, T., Sadamitsu, C., Yasumatsu, K., Yoshida, R.,
Beauchamp, G. K., Bachmanov, A. A. & Ninomiya, Y. (2008).

173



Amiloride—sensitive NaCl taste responses are associated with
genetic variation of ENaC alpha—subunit in mice. Am J Physio!
Regul Integr Comp Physiol, 294, R66—75.

Shim, Y. J. & Paik, H. Y. (2009). Reanalysis of 2007 Korean National
Health and Nutrition Examination Survey (2007 KNHANES)
Results by CAN—Pro 3.0 Nutrient Database. Korean J. Nutr.,
42, 577—-595.

Singh, A., Smoak, B. L., Patterson, K. Y., Lemay, L. G., Veillon, C. &
Deuster, P. A. (1991). Biochemical indices of selected trace
minerals in men: effect of stress. Am J Clin Nutr, 53, 126—31.

Singh, R. B., Beegom, R., Rastogi, S. S., Gaoli, Z. & Shoumin, Z.
(1998). Association of low plasma concentrations of
antioxidant vitamins, magnesium and zinc with high body fat
per cent measured by bioelectrical impedance analysis in
Indian men. Magnes Res, 11, 3—10.

Smidt, K., Pedersen, S. B., Brock, B., Schmitz, O., Fisker, S., Bendix,
J., Wogensen, L. & Rungby, J. (2007). Zinc—transporter genes
in human visceral and subcutaneous adipocytes: lean versus
obese. Mol Cell Endocrinol, 264, 68—"73.

Solomons, N. W. (1979). On the assessment of zinc and copper
nutriture in man. Am J Clin Nutr, 32, 856—"71.

Son, S. M. & Sung, S. . (1999). Zinc and Copper Intake with Food
Analysis and Levels of Zinc and Copper in Serum, Hair and
Urine of Female College Students. Korean J. Nutr., 32, 705—
712.

Stihler, F., Riedel, K., Demgensky, S., Neumann, K., Dunkel, A.,
Taubert, A., Raab, B., Behrens, M., Raguse, J.—D., Hofmann, T.
& Meyerhof, W. (2008). A Role of the Epithelial Sodium
Channel in Human Salt Taste Transduction? Chemosensory
Perception, 1, 78—90.

Stewart—Knox, B. J., Simpson, E. E., Parr, H., Rae, G., Polito, A.,
Intorre, F., Andriollo Sanchez, M., Meunier, N., O'connor, J. M.,
Maiani, G., Coudray, C. & Strain, J. J. (2008). Taste acuity in
response to zinc supplementation in older Europeans. Br J Nutr,
99, 129-36.

Stewart—Knox, B. J., Simpson, E. E., Parr, H., Rae, G., Polito, A.,
Intorre, F., Meunier, N., Andriollo—Sanchez, M., O'connor, J. M.,
Coudray, C. & Strain, J. J. (2005). Zinc status and taste acuity

174



in older Europeans: the ZENITH study. Eur J Clin Nutr, 59
Suppl 2, S31—-6.

Sugiyama, T., Kato, N., Ishinaga, Y., Yamori, Y. & Yazaki, Y. (2001).
Evaluation of selected polymorphisms of the Mendelian
hypertensive disease genes In the Japanese population.
Hypertens Res, 24, 515—21.

Takeda, N., Takaoka, T., Ueda, C., Toda, N., Kalubi, B. & Yamamoto,
S. (2004). Zinc deficiency in patients with idiopathic taste
impairment with regard to angiotensin converting enzyme
activity. Auris Nasus Larynx, 31, 425—8.

Tallman, D. L. & Taylor, C. G. (2003). Effects of dietary fat and zinc
on adiposity, serum leptin and adipose fatty acid composition in
C57BL/6J mice. J Nutr Biochem, 14, 17—23.

Taylor, K. M., Morgan, H. E., Smart, K., Zahari, N. M., Pumford, S.,
Ellis, I. O., Robertson, J. F. & Nicholson, R. I. (2007). The
emerging role of the LIV—1 subfamily of zinc transporters in
breast cancer. Mol Med, 13, 396—406.

Taylor, K. M. & Nicholson, R. I. (2003). The LZT proteins; the LIV—1
subfamily of zinc transporters. Biochim Biophys Acta, 1611,
16-30.

Thompson, R. P. (1991). Assessment of zinc status. Proc Nutr Soc,
50, 19—-28.

Tong, Q., Menon, A. G. & Stockand, J. D. (2006). Functional
polymorphisms in the alpha—subunit of the human epithelial
Na+ channel increase activity. Am J Physiol Renal Physiol,
290, F821—-7.

Torgerson, J. S., Peltonen, M., Hauptman, J., Arlinger, K. & Sjostrom,
L. (2002). Prevalence of undetected diabetes and impaired
glucose tolerance in an obese population. Diabetes, 51, A240—
A240.

Tungtrongchitr, R., Pongpaew, P., Phonrat, B., Tungtrongchitr, A.,
Viroonudomphol, D., Vudhivai, N. & Schelp, F. P. (2003).
Serum copper, zinc, ceruloplasmin and superoxide dismutase in
Thai overweight and obese. J Med Assoc Thai, 86, 543—51.

Vallee, B. L. & Auld, D. S. (1990). Zinc coordination, function, and
structure of zinc enzymes and other proteins. Biochemistry, 29,
5647—-59.

Wang, F., Kim, B. E., Petris, M. J. & Eide, D. J. (2004). The

175



mammalian Zipb5 protein is a zinc transporter that localizes to
the basolateral surface of polarized cells. J Bio/ Chem, 279,
51433—-41.

Wang, K., Zhou, B., Kuo, Y. M., Zemansky, J. & Gitschier, J. (2002). A
novel member of a zinc transporter family is defective in
acrodermatitis enteropathica. Am J Hum Genet, 71, 66—73.

Wang, X., Lu, X., Lin, R., Wang, S., Zhang, L., Qian, J., Lu, D., Wen, H.
& Jin, L. (2008). Lack of Association of Functional Variants in
Alpha—ENaC Gene and Essential Hypertension in Two Ethnic
Groups in China. Kidney and Blood Pressure Research, 31,
268—-273.

Weisstaub, G., Hertrampf, E., Lopez De Romana, D., Salazar, G.,
Bugueno, C. & Castillo—Duran, C. (2007). Plasma zinc
concentration, body composition and physical activity in obese
preschool children. Biol/ Trace Elem Res, 118, 167—74.

Who 1996. Trace elements in human nutrition and health: 5. Zinc.
Geneva.

Who 2000a. The Asia Pacific perspective: Redefining obesity and its
treatment.

Who (2000b). Obesity: preventing and managing the global epidemic.
Report of a WHO consultation. World Health Organ Tech Rep
Ser, 894, i—xii, 1—253.

Who 2002. Diet, nutrition and the prevention of chronic diseases :
report of a Joint WHO/FAO Expert Consultation. World Health
Organization.

Who 2008. Waist Circumference and Waist—Hip Ratio: Report of a
WHO Expert Consultation.

Wimmer, U., Wang, Y., Georgiev, O. & Schaffner, W. (2005). Two
major branches of anti—cadmium defense in the mouse: MTF—
1/metallothioneins and glutathione. Nucleic Acids Res, 33,
5715-27.

Wright, A. L., King, J. C., Baer, M. T. & Citron, L. J. (1981).
Experimental zinc depletion and altered taste perception for
NaCl in young adult males. Am J Clin Nutr, 34, 848—52.

Yamagata, T., Nakamura, Y., Yamagata, Y., Nakanishi, M., Matsunaga,
K., Nakanishi, H., Nishimoto, T., Minakata, Y., Mune, M. &
Yukawa, S. (2003). The pilot trial of the prevention of the
increase in electrical taste thresholds by zinc containing fluid

176



infusion during chemotherapy to treat primary lung cancer. J
Exp Clin Cancer Res, 22, 557—63.

Yan, W., Suaud, L., Kleyman, T. R. & Rubenstein, R. C. (2006).
Differential modulation of a polymorphism in the COOH
terminus of the alpha—subunit of the human epithelial sodium
channel by protein kinase Cdelta. Am J Physiol Renal Physiol,
290, F279-88.

Yoon, J. S., Lee, J. H. & Park, P. S. (2000). Zinc Status and Taste

Acuity of Old and Young Women. Korean J Community Nutr., 5,
484—492.

177




Abstract

The relationship among zinc nutritional status, cENaC
A663T gene polymorphism and salty taste acuity
in Korean young adults

Hwayoung Noh
Food and Nutrition
The Graduate School

Seoul National University

Excess dietary salt intake is a well-known risk factor for the
development of hypertension, cardiovascular disease and renal
disease and one of major public health concerns in Korea. Dietary
salt intake can be affected by individual salty taste perception. Zinc
has been reported to be associated with taste perception. Zinc is
required for the enzymatic function of gustin (carbonic anhydrase
V1), a zinc metalloprotein in parotid saliva. Zinc deficiency leads to
the decrese of salivary gustin secretion, which 1s related to a
reduced or distorted taste function. The zinc intake has been
insufficient in Korean population and zinc deficiency has been

reported in obese individuals. In addition, genetic polymorphism of
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epithelial sodium channel (ENaC), which is known as a major
sodium—specific taste receptor in mammals, may also contribute to
the salty taste perception among individuals. A recent study has
found that a genetic variation in e ENaC is associated with the
difference in amiloride—sensitive taste responses to sodium
chloride in mice, suggesting that « ENaC polymorphisms may play
a role in modifying salty taste perception. The role of @ ENaC
polymorphisms on salty taste perception in humans has not been
reported. In the present study, we evaluated the gene expressions
of leukocyte zinc transporters and their changes after zinc
supplementation in Korean young obese women. Also, we
examined the relationship among zinc nutritional status indicators

—zinc intake, serum zinc and the gene expression of zinc
transporters—, @ ENaC A663T genotypes and salty taste acuity in
healthy young adults.

In non—obese (n=25) and obese (n=40) women aged 18—28 yrs,
the levels of leukocyte ZnT9, Zipl, Zip4, Zip6 mRNA in the obese
were significantly lower than those in the non—obese. The levels
of these leukocyte zinc transporters had significant negative
correlations with BMI and the percentage of body fat in total
subjects. On the other hands, the level of leukocyte ZnT7 mRNA

was significantly higher in the obese than in the non—obese, and it

179



has significant positive correlation with BMI and the percentage of
body fat in total subjects. After 8—week zinc supplementation

(30mg/d) in obese subjects, the expression levels of leukocyte
/nT1, ZnT4, ZnT5H, ZnT9, Zip7 genes increased.

In 207 healthy adults aged 20—29 yrs, the expression level of
leukocyte ZnT9 gene was negatively associated with the threshold
of salty taste in males (standardized A =-0.048, p=0.03), the
available zinc intake (standardized B=-0.467, p=0.04) and the
expression level of leukocyte Zip7 gene (standardized A =-0.479,
p<0.01) was negatively associated with the threshold of salty taste
in females. Among these, level of leukocyte Zip7 mRNA was shown
to be the significant factor of salty taste threshold (R?=0.12,
p=0.01). When female subjects were stratified according to the
aENaC A663T genotype, a significant negative association
between available zinc intake and salty taste threshold was found
in AA homozygotes (standardized 8=-0.833, p=0.02) but not in
subjects with T alleles.

In the present study, we identified the low expression levels of
overall leukocyte zinc transporters in obese young women, and the
increase of expression levels of leukocyte ZnT1, ZnT4, ZnT5,
ZnT9 and Zip7 gene after zinc supplementation. Also, we identified

the association between available zinc intake, the expression levels
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of leukocyte ZnT9 and Zip7 and salty taste acuity in Korean
healthy, young adults, and this association was altered by sex and
a ENaC A663T. The present study has significance for the first
work on relationship between zinc nutritional status, «ENaC
A663T polymorphism and salty taste acuity in Korea. However, to
confirm these results, further studies with various age and status
population and mechanism studies on change of leukocyte zinc
transporters in obesity and the effect of zinc transporters on salty

taste acuity are required.

Keywords: zinc nutritional status, zinc transporters, «aENaC

A663T, salty taste acuity, obesity
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