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Correlation Between Primary Tuberculous Pleurisy and
NRAMPI Genetic Polymorphism
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Sang Myun Park, M.D. Sang Youb Lee, M.D., Sin Hyung Lee, M.D.,
Cheol Sin, M.D., Jae Youn Cho, M.D., Jae Jeong Shim, M.D.,
Kwang Ho In, M.D., Se Hwa Yoo, M.D., Kyung Ho Kang, M.D,

Department of Internal Medicine, Korea University College of Medicine, Seoul, Korea

Background : The phagolysosomal function of alvedlar macrophage against M. tuberciulosis infection is influ-
enced by Nrampl, which is encoded by the NRAMPI gene. There are several genetic polymorphisms in
NRAMPI, and these polymorphisms affect the innate host resistance through the defect in production and
function of Nrampl. To investigate this relationship, the NRAMP! genetic polymorphism in patients with pri-
mary tuberculous pleurisy was determined.

Methods : Fifty-six primary tuberculous pleurisy patient, who were diagnosed by pleural biopsy, were desig-
nated to the pleurisy group and 45 healthy adults were designated to the healthy control group. Three genetic
polymorphisms of NRAMPI, such as a single point mutation in intron 4(469+14G/C, INT4), a
nonconservative single-base substitution at codon 543 that changes aspartic acid to asparagine(D543N) and a
TGTG deletion in the 3’ untranslated region(1729-+55del4, 3'UTR), were determined. Polymerase chain reac-
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tion(PCR) and polymerase chain reaction-restriction fragment length polymorphism(PCR-RFLP) were used.
Results : The frequencies of mutant genotypes of INT4 and 3'UTR were significantly high in pleurisy group(p
=0.001, p=0.023). But the frequencies of D543N were not significantly different between the two groups(p=
0.079). The odds ratios, which are a comparison with wild genotype for determining mutant genotypes, were 8.
022(95% confidence interval=2.422~26.572) for INT4 and 5.733(95% confidence interval=1.137~28.916)
for 3UTR ; these were statistically significant. But the ratio for D543N was not significant. In the combined
analysis of the INT4 and 3'UTR polymorphisms, the odds ratics were 6.000(95% confidence interval=1.461~
24.640) for GC/+ + genotype and 14.000(95% confidence interval=1.610~121.754) for GC/+del when
compared with GG/+ + homozygotes ; these were statistically significant.

Conclusion ; Among the NRAMP1 genetic polymorphisms, a single point mutation in intron 4(469+14G/C,
INT4) and a TGTG deletion in the 3’ untranslated region(1729+55del4, 3UTR) were closely related to the

primary tuberculous pleurisy. (Tuberculosis and Respiratory Diseases 2000, 48 : 155-165)

Key words : tuberculosis, tuberculous pleurisy, Nrampl, NRAMPI genetic polymorphism.
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Mycobacterium tuberculosis(tM. tuberculosis)
2 ol AYe AAFoE /M EY 4 28 39
sz, dg A AA A7 1/3 F=7t oj@Ho
gloml, oid oF 8007+ B W= 12007 B F=E9]
g54 28 A7} TBET, o F 3008 B =
7} ApgcH. ek A, 19953 AAE A7
A A AY Azl oshd A 309 T e
§ A A0 7lE AE, AT 100,000 F
854 28 B} 1,032902 ¥4 g v 2
o

Ao AGHALET B8 YFFAol g A
97} gioln], o 10% AT P F4E T
#2 7o) wsinz, YT A9 59 oj9d,
A7) UE £F vhgo] Y3 B ¥ F8
& Qe ¥ Aolehs JAAQ FE3 1 FAB
g uf gupt. ol3® &F whe-e Add g A
Az YAz BCG(bacille Calmette-Guérin) ¥
7 ge HE Wdgow AR, o F A¥H WA
& AP I e AR AHA 8o
2, old] 7lojshs fAx R wud Fo T ol

3 A7 AuFdl g AA Woir|HE oL,
AYg ostn xsske o Yol F88 BRE
AT Ao QAT ok A2 YAE ol &%
2B AN M. tuberculosis & ¥ B Al
2 YA P 259 2 e 1 aAAdl
ZASIE Bcg #AA0 o3 2AHE Ao WY
RAoh-s, of SARNE Zet 2w WAde FPA
= Bceg*dt Beg'el ¥ 7HA @Yol EAsta 44
270 &30 7 43S BAlEE Ao ¥ud v
glom’, M. tuberculosis ¥ ot M. avium
complex®, M. lepraemurium®, Leishmania
donovani ', Salmonella typhimurium" T3
2e AT U WeNd g 2] Qo dqdg
i g2 gt o] ¥ Vidal $'*& Beg ol di# ¥
B $AAE 444 24 (cloning) FHE o183
o] a8, Nrampl (Natural resistance assocl-
ated macrophage protein 1) .. i on, o
fAAz2E $AEE Nrampl @9ade] 7150 °f
Apo] gl 74 mycobacterias} 2& AEW BUT
o] g B5Ae] Zrkske Ao By ¥
Cellier & QIzte] G4 2q35914 16709] H&
(axon) o8 TAE, BA Nrampl F34 3%
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AR, NRAMPI #2318 ¥ Wen, 13te o
B A7E 93, o] fAA = oF 871A9 #A
A} T} A (genetic polymorphism) o] &Rjsh= Ao
2 gejzlon, 2 F JIEE 49 ¥99 G/C HE
Awio] (469+14G/C), 543¥ IE2] Asp — Asn
o9 o] g 3 ¥EE 99 (untranslated re-
gion)e] TGTG ZA&(1729+55deld) o] A3}
3 ol¥ YA, o RAxle] o P
Nrampl @¥3e] §4 E& 7)%50) o4& xaidiy
2y d# A54e F7MIAGD A e
mqY, A2 Molxely} 2] )@Y A o]9}
2L #¥Ao] Bag v} Qi

£ AFNAE 492 Ao R dU F9
g 84 ¥ YT =2EHAE Aoz vesy F
Yo] Wk 42 A AUEE dges,
NRAMPI $3x 94849 YI=g FAtoeMm,
NRAMPI #37 ti¥4e] Ade 42t 249
old] m& ¥ e LA Rz vl dPL
#salazt sedct.

chat o Uy
1o &

1998y 349U%¢ 1999 8471 mejdjeta =2
2 el st Fo 2PN B4 879 2
Wy Futd 84 3 s AAHo] glu FH YA
A AR 3 FF ol9le thE PHe] gie BxEd
dgozs 39t o] ¥AE F Ini, WY 1AY,
¢3E 35, AEAe, 9% €% 4N, M 39,
R ojAlA Foie] 719, FuF, 7] 0|4, %A
AEYAS FET T S5 FHY WY Wy
Ee 2Y 9 9%E € F Ut A8l A= A
8 A% 56WE YWY FHAE(pleurisy
group) 2.2 Fo3ict. 12ju Y #Ae) 715 g
suglozA FHojx 3704 ojdd FY Pz} WY
A AFY FAe] Jout FY AP 7I%Ye]

S T AR AR AR) 4598 A% uzE
(healthy control group) o2 & %it}.

2. Genomic DNA 2| &g

3 8o ¢k Aol AY 6mlE #5 (hep-
arin) & ¥R AP@ol P32 4000
rpme.g 2083 94 o ARy ¥, 4
29] dA9t(buffy coat) 200u¢ & 23} 1.5m ¢
Fro] W& ¥, High Pure PCR Template Prepa-
ration Kit® (Boehringer Mannheim, Germany)&

o]g-3le] DNAE 323t}
3. NRAMPI f#%x} ciedde| sl

NRAMPI §37 v3XAel 332, 339 DNA
of diair] F¥EL Ak (polymerase chain re-
action, PCR)3} 2 ¥ Z§a: J4ikg-Adas
Ag Zdo] A (polymerase chain reaction-
restriction fragment length polymorphism, PCR-
RFLP)& o|g38lo ZA#A}. el ggne
EE 49] G/C HEYEWM)(469+14G/C)= INT4
2, 5439 3Ee] G(Asp)dlA A(Asn)2e] o)
+ D543Ne2, 3’ vl#l% <o (untranslated re-
gion)e] TGTG ZA+(1729+55deld)& 3UTR=
k0 L

(1) SttE4 HukR (pdymerase chain reaction,
PCR)
Zzbe]l /AR R9E FEdked AT AEA
(primer)¥ INT4+= 5-CTC TGG CTG AAG
GCT CTC C-3'9} 5°-TGT GCT ATC AGT TGA
GCC TC-3, D543N % J'UTR& 5-GCA TCT
CCC CAA TTC ATG GT-3'¢} 5-AAC TGT
CCC ACT CTA TCC TG-3'¢)?)t}(Bioneer,
Korea). %4 A#ukgo] AM-E S99 AL
% 2040 o] €9 o) DNA 24, primer 10pM,
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INT4 D543N 3'UTR

600bp & 623bp
200bp agA 244bp

Fig. 1. Agarose gel electrophoresis of PCR prod-
ucts.

INT4 D543N
GIG GIC CiC

FUTR TGTG
GIG GIA +/+ +idel

Fig. 2. Agarose gel electrophoreis of PCR-
RFLP products.

600bp &

200bp

Taq DNA polymerase 1U, dNTP 250/M, Tris-
HCl(pH 9.0) 10mM, KCl 40mM, MgCl, 1.5mM-&
AR89 (AccuPower™ PCR Premix, Bioneer,
Korea). PCR& GeneAmp PCR System 9600
(Perkin Elmer Cetus, USA)-& o|&3}of, INT49)
A 94ColA 5F T WA F HAuEE 94
CTolA 148, P2 56 CoA 18, A2
72CoA 184 wEzos 35 AL A &

72Col T8 WAL 4CAAM BBt
D543N % 3'UTR-& @§ukgr 55ColA 1802
81 7)el 218 INT4 9] 7399 FYstgdct.

PCR #Ho] ¢ ¥, W3EL 2% #FdH 4
(agarose gel) WollA] A7]%4% (electrophoresis) &
A3l ethidium bromide 94 ¥, INT4o] il
A& 623 g7|% (base pair, bp)9] DNA #4¢,
D543N & 3'UTRo]| tisfiA= 244 bpe] £4& =
9] ZA}71(ULTRA - LUM-U. V. DNA Analy-
sis Transilluminator SL-20, Seolin Scientific

Corp., Korea) ZgollA] #<lslrk(Fig. 1).

(2) SEEL AMEIS-HEEAS Fct 2ol ciyy
{polymerase chain reaction-restriction frag-
ment length polymorphism, PCR-RFLP)

Z AR tgAde] XA o8 E (wild type)3}

WHoj¥ (mutant type)e] 971X EE& AXsl7] Hs}

o] PCR-RFLP & o|&3l%c}. Zzte] t8A o

B #8els % Algk A8 INT49] 73S Apal

(GGGCCYC)& A8l G — C wWol8e] 7A%-

455bp2} 169bpe] 2 band & #<13}9 2, D543N <)

A4e Ava UI(GYGWCC) & A3l Uiy 33

G(Asp)= 126bp, 79bp 2 39bpe] 3 banddlA],

A(Asn)E 201bps} 39bpe] 2 band& ¥<13}dct.

aglz 3'UTRY disiM= FokI{GGATG(9/13))}

& ARl g ¥d TGTG+ o disiAe 211bp

$} 33bp, delofl thair= 240bpe] £4& #UEA

t}(Fig. 2).

Ztzte} PCR-RFLP ¥hgo] A4 899 A
Apale] A= Apal 20, buffer{100mM Tris
-HCI(pH 7.5), 100mM MgCl,, 10mM Dithiothrei-
tol} 2.8, substrate DNA 4 uf, sterilized dis-
tilled water 12 44 91, Ava 9] 7%= Ava 11
1€, buffer{100mM Tris-HCI(pH 7.5), 100mM
MgCl,, 10mM Dithiothreitol, 500mM NaCl} 2 u¢,
substrate DNA 8¢, sterilized distilled water 9
ul, Fok19) 7%= Fokl 1u¢, buffer{100mM

— 158 —



— Correlation between primary tuberculous pleurisy and NRAMPI genetic polymorphism —

Tris-HCl(pH 7.5), 100mM MgCl,, 10mM
Dithiothreitol, 500mM NaCl} 248, substrate
DNA 4 u¢, sterilized distilled water 13 ¢ o] =
Heg, 37°ColA 8AF o wHg-A E, stop-
mix2 W& FRAFIL 2% TH AN A7)
St 49 a718 #lslgin.

3. BAXMz

INT4, D543N € 3'UTRe] 37} chalgeld Za
4 FHET, 37 URTE 4 tisle] opi Yz
oj¥el Wize]l Aol FhojAlF A (chi-square
test) & B3 #4342, p gtol 0.05 vl ¢
AR foft Aoz weiycl. £3 ZYA

F49 @271 doly AAAYY 88 A% =7
Fte] W] (odds ratio) & T3l n@eidn, 2z
9 frAx hgAte] 2 £4(combined analy-
sis) & A¥sle] HA] mapulg FEech g B4
2 AAre SPSS for Windows 9.00.2 3lc}.

g 1

e o] BT AHS AN FUAE, AF U=
T 47 39+£2.734], 30.4+1.454) g1, Yuie] v
= 7tz 38:18 % 27:19 ojxled, A Y=z
4573% 2 ¥xie J15L 267, 28UL 19979)
Act.

2R FoEEE 37 A2 PolHe] NRAMPI

Table 1. Comparison of NRAMPI polymorphisms between tuberculous pleurisy group and

healthy normal control group

. Healthy .
. Pleurisy Odds ratio*
Polymorphism control p-value
- (95% CI**)
no. of subjects
INT4 n=41(%) n=45(%)
G/G 23(56.1%) 41(91.1%)
8.022
G/C 16(39.0%) 4(8.9%) 0.001 (2.422-26.572)
c/C 2(4.9%) 0(0%)
D543N n=37(%) n=45(%)
G/G 31(83.8%) 43(95.6%)
G 4.161
/A 6(16.2%) 2(4.4%) 0.079 (0.787-22.008)
A/A 0(0%) 0(0%)
3UTR n=38(%) n=45(%)
TGTG+/+ 30(78.9%) 43(95.6% )
TGTG+ /del 8(21.1%) 2(4.4%) 0.023 5733
(1.137-28.916)
del/del 0(0%) 0(0%)

* The odds ratios are represent comparison with wild genotype for mutant genotypes.

** Confidence interval.
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Table 2. Combined analysis of NRAMPI INT4 and 3'UTR variants

INT4/3’'UTR Pleurisy Healthy control Odds ratio* |
=va
Genotype no. of subjects (95% CI**) p=valie
GG/+ + 20 1.0
6.000
GC/++ 9 0.009
/ (1.461-24.640)
14.000
GC/+del 7 0.005

(1.610-121.754)

* Odds ratios are for comparisons with the GG/+ + genotype.

** Confidence interval.

32 cheAe] Wi NRAMPI #321] INT4
tEAde A% FHdTIM G/G:G/C:C/C=
56.1% : 39.0% : 4.9%, A7 dxTIME 911
%:8.9% : 0% o2 Z¥Y FutAFoA HolHe)
Y=ot fo8tA #ke (p=0.001), 3'UTRY 73
< FodFoNA TGTG+/+ : TGTG+ /del : del
/del=78.9% : 21.1% : 0%, A% YT
95.6% : 4.4% : 0% 2 QA] )3l Holgel Hiw
7} #4tH(p=0.023). 12jy} D543N9] A= F
gl G/G:G/A: A/A=838% :16.2%
1 0%, 27 2T A 95.6% 1 4.4% (0% E %
T Feit zolE HolA] ATH(p=0.079)
(Table 1).

3 oY R o]y L FH HEA Wo]
Y {224 v)agt 22| (odds ratio) &, INT4
9] 7% 8.022(95% AIFTIt=2.422~26.572),
3FUTRS A9t 5.733(95% Ag7t=1.137~
28.916)02 ZAYY FU FA) Holge fAA
¥ #go| AR =T vja Ztzk 8.0224), 5.
7334 Eton ol VVAHL BAFHCE K93}
et 228y} D543Ne] 79 wzbu|z 4.161(95
% N2F7+=0.787~22.008)0] o} EAFHoR
FoJ8tx = ¥skch(Table 1).

INT49} 3'UTR 34 th3Ade Zgstd £4
(combined analysis) ¥ 23, GG/++ §8x%=}
vl e o, GC/++¢ #A% :xi7b 6.000

(95% 21877t =1.461~24.640), GC/+del®] A
$£ 14.000(95% AlTk=1.610~121.754) 2
2 294 F99 ¥t INT4 C A 33& ¥
¥ g&3 INT4 C iy 333 3UTR del Y 9
A& 25 EHY &8l 47 6], 148 w3tod
oleF BV BAHLE froldtHth(Table 2).

I ot
YA F4de F97 e A duo) dig =]
Ay Higkgo ', A AYE F 6UA 12F A=
of Fu} F9jo] SAlsh= sdd yule] Hg= s
o F947 W52 A¥o] AYFo N Y= F
$7F 7 EdlPS HE A7 LHSEEA Yolr}
B2 fxEolA A A Furs|o] dgsh= 3
$= By v QA2 Arriero $%3} Valdés
T2 Jolrt 31, ¢3E 559 WEo A 7
27} QlewA, Ag g =8 9 ufSHAL S40]
I, FF A AR A SdAY §9 3P gle
oy, P22 HReeA 420 A ¥ 2
d 9% o] 7FsAe] o Budte, & dF
o] i BAET R 43 Y4 % Fde
7Fedel B8 Aoz Alsdd.
M. tuberculosis 74l i@ 27} Bol= s x4
A48 ti4] AlE (alveolar macrophage) 9] 2]
gl ojRofFT}. dY A} To] FFIIE BAAM
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o=, 4 AEe FHo| EAshs B (comple-
ment), %2 (mannose), ¥ §4 ¥ (surfac-
tant protein), scavenger 4-8-¥ (receptor) &€ %
A HAA e} AYFo] B3R, phagosome-ly-
sosome FHANE YT F VA drF(reactive
oxygen species) 3 ¥4 FAF(reactive nitrogen
species) ©] 43} o} X EA| A (apoptosis) ¢ 7]
Aoz AYFe §5-& WA APEAIG &
A YoP. oldT 2 iy MIXe] 75 o)dol
s, AP i@ J¥F Peel FtEE
dl, Z17te] A7EC] ojstd F¥gel distd WA
oz 744 2 U Ze YAzRE 4 g4 A
FoA] ANA] ol XTEAAS E= 4 H¥ F¥
(antigen presenting ability)*¢] Xje|7} B g ul
At

HZ 53 FEUL Qe 2 A8 559 %
o] 7)Mo ¥ A7, ¥4 &8 (phagocytosis) ¥
phagosome-lysosome¢] A%¥ o Fo# AEE
#H= Nrampl @¥o2, 1 $43 715 F%& 1l
A FAR SAAM S olde] Bl FFHT AU
E]_ZS-
Nrampl @& ¢ 60kD Fx9 #A3& 713
A% Qo gz, NRAMPI f3Ax258E Hgol
o, 12718} A9 94 (transmembrane domain)3}
33} Hlx8] 1 (glycosylated extracellular loop)
7} EAGcH? FEE o]8F in vitro ¥ in vivo ¢
Fol oJ3a, Wi Al¥e 7] §A43} ARM F8
sk oheFd 988 vehlo], CXC chemokine KC
9! interleukin-18(IL-18), inducible nitric oxide
synthase(iNOS), MHC class II molecules, tumor
necrosis factor a{ TNFa), nitric oxide(NO) re-
lease, L-arginine flux, oxidative burst 12|31 %
o, &7 Z8-g ALY, T g Alxe] 9 &
¥t 73 (membrane transport processes)ol] {1014
Zz9% 7158 3 Acs ¢A Sl olF AL
Z B3] 8% 7% F9 shie 29 2704 94
AZ AEA Y] oA (nitrite) & B} 44

phagolysosome 2.2 olFA|#A 4k}  Hi(nitric
oxide) & A= Ao, o] 75 oo B3}
i mycobacteria®} 28 AXEU WYl g A5
Aol Z74eHA Bt E ohE F8¢ 752 7 &
#BAo) AR oz, ¥t phagolysosomeo] A
" phagolysosome W&} n|AEE o] 7bA] tiA}
BEAE Bujshe dl, o] AN 271 Fel(diva-
lent cations)& o] AAES] BZ AR} (cofactor) 2
A g4Holrt. FAIH e vlgEolA BAE super-
oxide dismutase(SOD)& 84 44F 2 JA4FE
Z33ld TS & BIdhs AL, ©] A4
7} 43817 YEiAE Mn* o} & 27} Fol2o] E
£33 BE AdxEA ZHggrty . 22} Nrampl
gl e phagolysosome UH25E Mn* 9} 2 2
7} gole-g AAs A¥Fo] A ALF % A
Fo A& k254 oM HUF APEd] FaF
A% 3 ®§ x7) 43¢ phagolysosomed]
Ay T PR 9P v|H phagolysosome
& 159 AHAE A=E JFAIGH

Nrampl @¥& ¥Adsh= Akl NRAMPI
Azte] TP WA7IA 8714 Fxrt BuEa 3l
oH 1 ko] A¥e] s oldf wE 2o Wy
I fAZ Aol A Bl dE 9 dTES
AsEd, 19973 Shaw %3} 19983 Blackwell
9 vl 71E g ddos A giiEe
fAEA ot AFdA, NRAMPI] #3277 2¥
o] Wyel 4% F= FE FH FAAE= oid A2
2 pasgs, 1998d Huang %% oA a¥d
3 RARY  Mycobacterium avium-intracel-
lularel &% o A@ANA NRAMPI #3% 0¥
A3} o] ol ¥ ZEZFe LA d&Ao] Yo
FRetAch. 22y Motz e} X de] HZY 8xe
€ ddes AP HI dAFdME, FJA
(promotor) ¥$1¢] (CA), microsatellite ¥H&-¢]
4 W5 (CA),}, 4 JEES G/C B (469+
14G/C, INT4), 543¥ 3E2] aspartic acidojA]
asparagine©. 22| Wo|(D543N), 3’ H#HEAY
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(untranslated region)9 TGTG ZA&(1729+
55deld, 3UTR) 59| tjgAdgo] A% Bz vl
dto] 2y FxFolA 9fu Al &L W= Yepd
& BEFo N, olF FAx A Y] g
AAA adatel 2AHE AR BAE Bad v g
o]'5, o}7tx] NRAMPI $Az ttgAdz Ay ¢
W2kl A A3 BAle BEH ¥t o] g
AdA Ao 3% xdd SugeA,
NRAMPI 38 34w AYe] wzte] B &
I3 RS Ae] o] oid MM who] sjA
& dske d doA ulrt & Aoz Algdr).

¥ d7oA INT4¢F 3UTR H#9l9) taae A
73l viste] A3 Furg BxjolAM f2lsiAl &3t
on T4 HA Holdo| dAE INT4 ¥9= F
H 2 ol HEA WolF g Fsto] Woly Foz 3}
o H|E3GE Yx FUT 2HE AATH(p<0.01).
D543N t18Ae A3 fo4de i 294
F949 @AM Wolgo] o @& AL Yehigd
o oY fAAE oy 9 BY A Wo|y
FAAEE vF W] (odds ratio)E INT49}
SUTRY] Z$E, 294 F99 87} Wolde &
AR Y #Fo] A% Uzl vl BAFHoE §9
A=A Jeldoy}, D543Ne] A9 BAFo=
FoJ3lA] gdstel. =3 INT4¢F 3'UTR §-3% o1y
4ol A% ¥4 Ao oJ5d, 24 F99 St
ol ¥ 7kA $AA tgAel Woly fHAYE ¥§
¥ 880 §AHoE Rl =it dEFom
o] Ao INT4¢} JUTR ¥-$)2] NRAMPI %
ARl H¥Ae] U S, AXol IYd AYFL
] AE7 a&H o2 dhEstx] Bto ey, HAdd
el 23 Hlo] Bgsn, o] WHo| P o] Hut
Z U2 dgae] st 2y o) gid dF
FR whgo] doju} AR Fupgo] YHE Aoz
AtgEH, D543N thgAe] 79-= 1 Hxs} Agst
o] gENe FAAcRE S8l wskt ®§
£ d7llA D543N 7 3UTR £ 53 A
Hojgo] & Hx PR ekt INT4 BeoAxE

294 FYYG BTN 29og Agulo] By
o] T3 HEA Welygo] As) wyd] ujH GgYo)
BEXE 2 49 ¥ 4 ok 22 WM Ae 3
7 WA dE 32U Nrampl "7} $4olgn
delA UAEE, Bellamy 558 QztlAe dY
4 ¥ ¥A (susceptible allele)o] $AJo g, o]
Y A BolFoMz A EHYo s wEY
T Baste], £ A7 o)y HytA wojyel Wix
€ 23 de] Z4A4n dusle Ao & Fa= gl
& Aoz Algdn.

o] A7 I 2 #el Al ¥l 343 7
&332 71 AT, ol A7RI: dde) s 2y}
A SEuEteliA AN, Aol MHAH YA
NRAMPI $37 thgAo| nAe Fao) g A
WA AFtelh. ey B A9 Alokdea: gy
82 4 =279 A7} o] NRAMPI #7332
o34 e ATt 43 BEAE 2838 ndsd
+ A&tk 2 2ol AAd) glojA ¥
ol =Z2HAE 2oz Y A2 ARFES o
oz 3ld, o] fxal Y Adal Ao fF WAT)
o] BAE 1AY = Ao, $eivat A4 e
A NRAMPI 3z t¥ie] NEg 2AR)L,
ol§ ojn] By Aeln} ofrlolglofaie) Wiz e} u)
a, A3t 1 oulg ¥EAE= 2. B9 ¥
A7HA Bad 8712 Ao YAy &, 53 383t
oo ged AAL AF B9 (transcription start
site) Bt} §' o] YAsh= FWA Bele] GT
microsatellite TFYA%* 5-& A% 3714 OyAju
& s, H9AHA NRAMPI A thyAe]
Fe nA3R Z).

olo ¥ ZHdo] oigk MNHA Wo| slAF
NRAMPI 34 t84e] gAd g 7=, o
o2 Sejust A4 A7 NRAMPI §3}
O3¥4e Wiz 4 B¥d oid 97E sutez, o
B 7o Y ABAE o s AAA &
A2 EAs 29 dynie] BAE FYs] 9%
AF ¥ o Yol 7R 74 Ade 238 148
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3 a7} Waw Ros AaEr.

2 o

A

Nrampl ©@¥2 NRAMPI {AA)] 93] ¥4
s, o] f-Azle] gL AYFel dF S50 A
AR YA ZAACh B dTE 4t 2ol
g YA F49 PRl NRAMPL #3834 ¢
YAl Yol Aal AAHe] BAE nA3AY.

4 ¥

9% 39 glo] F9 23 FAE B3 FDdE 56
e YA FEdP A 4599 A7 =T
& ddez JEE 49 G/C HEUWH|(469+
14G/C, INT4), 543Y 51E2] aspartic acid(Asp)
oA asparagine(Asn) .29} ¥Mo](D543N), & 3’
vlEE 992 TGTG Z+(1729+55del4, 3'UTR)
%9 NRAMP1 {4z tt¥gde] N=E FHREAL
A7 (PCR) T} FHEL AH-&-ATEA
A Zo] t¥A(PCR-RFLP) & o|&3la] =A}S}
At

d :

Fordes 4% gz e] NRAMPI 34 o
YAe] Wik, INT4 ¢ SUTR oAl 234 F9%
oA Welye] vzrl fofdtA e (p=0.
001, p=0.023), D543N 2] A9+ FPNA fel@
2ol7t Utk (p=0.079). 3%} Wely {1z}
¥o] w8 (odds ratio), INT4, 3’'UTRS 734
Fog At Hol¥e {AAYY HFEo| WF Y=
Zol vi# gAA= felehA Etov), D543N<]
A RoEA gsitr. INT49) 3UTRe A% ¥
] (combined analysis) 23}, F99 ¥/} INT4
C ulyg ¥4¢ ¥y & INT4 C g ¥Z4
3'UTR del Uiy #dE& 2% XY & 543
o2 {3t EUC

g B8

294 Fo9G 84, 2Y o|@3} NRAMPI

Az} ¥4 2 INT49} FUTRI: o3t A &
AZb Ao}, D543NT= f-elAdo) givlen, F9
g A7l Holy {FAANYY ¥EX INT4 o 3
UTRS] ¢ A3 foldtA E3tou, D543N
o] A= &2 i}, INT4¢ 3'UTR ] 23 £4
23, 9 82} INTAC Ay 338 I &
B3 INT4 C9} 3'UTR del WY 3¢ 25 e
gl BAACE s &t}
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