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Relations between Polymorphism of NRAMPI1 Gene and Suscep-
tibility to Pulmonary Tuberculosis

Ji Seok Lee, M.D.", Jin Hoon Cho, M.D.", Ki Uk Kim, M.D.", Hye-Kyung Park, M.D.", Yun Seong Kim, M.D.",
Ho Seok Lee, M.D.%, Young Dae Kim, M.D.2, Doo Soo Jeon, M.D.%, Seung Kyu Park, M.D.%, Min Ki Lee, M.D.",

Soon Kew Park, M.D."

]Departments of Internal Medicine and “Thoracic Surgery, College of Medicine, Pusan National University, Busan, Korea,

*Masan National Hospital, Masan, Korea

Background: Several lines of evidence suggest that a host’s genetic factors influence the outcome of exposure to
Mycobacterium tuberculosis. The aim of this study was to determine whether polymorphism in NRAMPI (natural
resistance associated macrophage protein 1) gene is associated with the susceptibility or resistance to tuberculosis
infection for patients with drug-sensitive pulmonary tuberculosis (DS-TB) and multi-drug resistant pulmonary

tuberculosis (MDR-TB).

Methods: Eight genetic polymorphisms of the NRAMPI gene were investigated in patients suffering with DS-TB
(0=100) or MDR-TB (n=102), and in healthy normal controls (NC, n=96). The genetic polymorphisms of NRAMPI were
determined by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP).

Results: The frequency of D543N A/G heterogygotes was significantly higher in the DS-TB subjects than the NCs
(OR=2.10, 95% CI: 1.00 to 4.41, p=0.049). The frequency of 823(/T T/C heterozygotes was significantly higher in the
DS-TB subjects (OR=2.79, 95% CI.: 1.11 to 7.04, p=0.029) and the MDR-TB subject (OR=3.30, 95% CI 1.33 to 8.18,
p=0.010) than in the NCs. However, the frequency of these genotypes was not different between the DS'TB and MDR'TB subjects.
Conclusion: A significant association was found between NRAMP1 823 (/T polymorphism and pulmonary tuberculosis.
This result suggests that NRAMPI polymorphism may be involved in the development of pulmonary tuberculosis in

Koreans. (Tuberc Respir Dis 2007: 62: 492-498)

Key words: NRAMPI, Polymorphism, Tuberculosis.
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+2]3laL, ©]& natural resistance associated macro-
phage protein 1(Nrampl) 2.2 B35 o o] &
AL e IS Nrampl Tile] 7)) o]go]
A g Ay} 22 Ay ydte] gisk
Hol Z7keke Aoz muae,

3 Cellier & 217ke] A 2g3501 4] 16712]
<= (axon) 0.2 T3 MM Nrampl 34k &
A1 NRAMPI 5445 #reuglen, Liu 5"
o] Aol oF 9714e] 04 T Al genetic
polymorphism)©] &A3hH, o]# 3k tEdA & o] f-4
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7152 Qb H o] AX B3 2 BT

o} of sk A #AAE Hol=
1

WA HAss vk Gt

A2 Atets, 34 7IEs ol8ste] I
sttt Aldtdta 7] Adllet gAY
& Hol AFE s3laL, 4 AdrlEe 29
< Abeks RO, A, 2, 29, AeHa
)0l JemA g X-doly nsj e FHAAs)
TGSFFolA 2 A2l dFe xdo] glow
A FAYA Fo] YA, AR TS ol
= A2 Sk oA AL Aol whet ofA
AT AT o ® ekl oH, thAlvg
T2 opAIZRE A AL At ol # 24 isoniazid o}

rifampicin®l]l $A] UWA-S Hol= AR sy} oF

ARFAANNE AP B i Feg o= o
ARFAAAE AFE = YA F= 248 &
X}iﬁ W] ﬁﬁd 2 A8E T4 ot e

1) Genomic DNAS| &

At dz2ate] gl HdE 3 mLE
EDTAZ} 3+l Aol fdste] 4
rpm .2 20i7F AT ekt YA E
Auh(buffy coat)s A2 G5l 3148k H Ficoll-
Paque™ PLUS (Amersham Biosciences, Sweden)®]

FTE5A17 2500 rpme.2 2087 YA st g

£ FEsianh 28l¥ ¥+ DNAE FE3517]
A7A 20Tl Bk

DNA #Z%-& Wizard® Genomic DNA Purification
Kit (Promega Co, Madison, USA)E o]-&3}3ith &
ZE Jgste] AFAIRL H SgaekE 2 300 xl
£ A7he o aild HAHEd 100 ulE golAl %
A ME3E 3 12,000 rpm o2 587 AAEE 5
t}. 3]4=3k Ah=allo isopropanol 300 ulE 7}k
& 5 At dojxl DNA sHaF A4l 70%
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Table 1. Identification of NRAMP1 polymorphisms

Name Primers
274C/T F  TGC CAC CAT CCC TAT ACC CAG
R TCT CGA AAG TGT CCC ACT CAG
469+14G/C F TCTCTG GCT GAA GGC TCT CC
R TGT GCT ATC TGA GCC TC
577-18G/A F CTG GAC CAG GCT GGG CTG AC
R CCA CCA CTC CCC TAT GAG GTG
823C/T F CTT GTC CTG ACC AGG CTC CT
R CAT GGC TCC GAC TGA GTG AG
A318V F TCC TTG ATC TTC GTA GTC TC
R GGC TTA CAG GAC ATG AGT AC
1465-85G/A F GCA AGT TGA GGA GCC AAG AC
R ACC TGC ATC AAC TCC TCT TC
D543N F  GCA TCT CCC CAA TTC ATG GT
R AAC TGT CCC ACT CTA TCC TG
1729+65del4 F GCA TCT CCC CAA TTC ATG GT
R AAC TGT CCC ACT CTA TCC TG
oehe 1 mLE Fstel A% F AwE SRl 5

2) NRAMP1 genotyping

NRAMPI 72 T 7]E0] By 8709
TG sl FEE DNASE TFaAaANke
(PCR)H SFEAAE-AghEddo] T dH
(polymerase chain reaction-restriction fragment
length polymorphism, PCR-RFLP)& ©]-&3&to] A3
ST 7 AlEA S 7] Rad 7| E S o]
gsto] A=t tHTable 1).

PCR W82 AccuPower” PCR PreMix(Bioneer
Co. Seoul, Korea)oll DNA 05 pg, A2 (primer) 2+
ZF 10 pmol, 183 SHFE HF 20 wE 2 &
274C/T, A318V, Do43N 12]aL 1729+55del42] 7 -$-
= HUTANA 53 REGAIZ] 5 HANES-& 4T oA
13, AYHEg2 55TColA] 13, Aguhg-2 72Tl A
A R 0 7 353145 Adsto] 72T TiE7t
HES-A A TE 469+14G/C= 94Tl A 132, 60TollA 1

—_
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i, R2CAA 1S WEAIHoH 577-18G/A%t
823C/T HATAAA 30%, 65CNA 30z, 72TCAA
30%E, 1465-85G/A= 94TAA 30%, 61TCNA 30
%, 72TColA 30x= 3}l 71e} 2742 274C/T9 &
AT,

PCR Abzo Z47+o] v A gels 918 Aldas
2 unitE Fo] #H-SAIZ] F 469+14G/Ce} 1729+55del4
= 3% agarose gelol| 4 274C/T, 577-18G/A, 823C/T,
A318V, 1465-8G/A 18|31 DB43NS 7.5% polya-
cryamide gelolA A7]935 3} ethidium bromide®
GG & 28l 2AP|AA AE FlEql

2
L& 7tolAlF 774 (Chi-square test)S &3
AR, p gkel 0.06 el A5 AL
Aoz HA3E BASH ou)7) U=
o g3l $1FEE WA (odds ratio, OR)2} 95%

EAEAL SPSS for Windows 13.0 (SPSS Inc.
Chicago, USA)S o833t

2 1

1. e 2xjel 54

Table 2. Demographic characteristics of subjects

Normal Control DS-TB MDR-TB
No. of cases 96 100 102
Sex (M:F) 1:1 1:1 24 11

Age* 50.0 + 8.9 40.4 £ 16.9 44.0 £ 15.7

DS-TBL: Drug sensitive tuberculosis; MDR-TB: Multi-drug
resistant tuberculosis.

*Data are Mean * standard deviation.
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W2 1023 o]l B Bl i Abel Al
ol

A% vz, FARFAEE, AT Ey A
= 47 1, 11 2410190 0H, B AR (AHEFE)S
747} 50.0(15-59) 41, 40.4(15-79) A, 44.0(21-91) A % 2.
o Aol wE Aol WAEA FSTHTable 2)

2. AN} LM

Credyol Bz

NRAMPI +72F2] D543N 713
PHFA o] N7t FALGA T A 754 A%

Table 3. Genotype frequencies of NRAMP1

0] 7

’

MTHM NRAMP1 7&Kt

G &

o

BN

ol 4] 85.4% %L, A/G ol A FA ] Wl oFAl
TFA T A 25%, AZF A 135% = A7+

Aol Al =JTHOR=2.10, 95% CI=1.00 to 4.41,
p=0.049). 823C/T a8 9] 45 C/C sFHHA ]
HE7F okA] gheAdatelA 81%, A7FtHZEatolA
91.7%aL, T/C olFHTA 9 Wwe AT
of| A 18%, #AZFthZTrol A 7.3% = FAI7HAd ol A
=2 HIEE HYTHOR=2.79, %% CI=1.11 to 7.04,
p=0.029).

a8y NRAMPI 57A4] 1729+55del4, 274C/T,
469+14G/C, 577-18G/A, 1465-8G/A, A3I8V 43
o Nl AT oFAZE g ol A el gk A}

1

N

—l>u

Polymorphism Genotype

Number of subject (%)

p value and OR(95% CI)

e S NCyvsDSTb  NCvs MDR-Tb  DS-Tb vs MDR-Th
D543N
G/G  82(854)  75(75)  82(80.4) 0,045
NG 130135)  25(28) 18187, 0 P NS NS
AA 101) 0 2(2) AT
1729-+55deld
(1TGTG  80(83.3)  74(74)  81(79.4)
(TGTG  15(156)  26(26)  19(18.6) NS NS NS
OTGTG  1(1) 0 2(2)
274C/T
C/C 60625  72(72)  67(65.7)
TC 32333  28(28)  29(28.4) NS NS NS
T 442 0 6(5.9)
469+14G/C
G/G  62646) 72072 68(66.7)
G/C 30313  28(28)  28(27.5) NS NS NS
cC 442 0 6(5.9)
577-18G/A
G/G  86(89.6)  95(95)  95(93.1)
AG 8(8.3) 5(5)  7(6.9) NS NS NS
ANA 22.0) 0 0
0823C/T
c/c 88(917) 8181  80(78.4)
0.029 0.010
T/C 773 18(18)  21(20.6) NS
IS s S 279011 -7.00) 3300133 - 8.18)
1465-85G/A
G/G 44458  41(41)  53(52)
AG  444B8)  47(47)  37(363) NS NS NS
AA 883 1202 12011.8)
A318V
Ala  96(100)  100(100) 102(100)
Val Ala 0 0 0 NS NS NS
Val 0 0 0

NC: Normal control; DS-Th: Dug sensitive tuberculosis; MDR-Th: Multi drug resistance tuberculosis; OR: Odds ratio;

Cl: Confidence interval. NS: Not significant p>0.05.
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o]5 WolA &FUTtHTable 3).

3. AL =2} CHHLHMZHM NRAMP1 REXL

CHe Mol HIZ

NRAMPI A7) 823C/T F4d8e 4% C/C
SHAFA ] HE7F A a4 784%, 17T
Ztoll A 91.7%9. 31, T/C ol - A e] W= thA
WAl A 20.6%, AT 7.3%2 F o AL
ole] f-2J gt AFo] 7k AATHOR=3.30, 95% CI=1.33 to
8.18, p=0.010).

Ty NRAMPI f34ke] Do43N, 1729+55del4,
274C/T, 469+14G/C, 577-18G/A, 1465-85G/A, A318V
FAYY NEE A4z AW A fe]
gk zfo] & Ho]x] ¢kSITtH(Table 3).

NRAMPI 73 2}2] D543N, 823C/T, 1729+55del4,
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ST 3T 19 1 = 37 = L .
ARl ol XX EAAY = 9 ¥d 59 (antigen
o)

presenting ability)2] =o]7} Hi1¥ wf

S
58 FEwn gE Adite BE 4% ol
of 8 ATE YRS F ENLA-FANLA AT
A7E Q% W FF GBS s NRAMPL g
2 2 3 el 9B mlAE fA0% el
of olgell wAle] PFH T Yt
NRAMPI 5H&- of kD A28 EA%E 741

AT wog
o, 12709 A9
3} Al Z9] a8](glycosylated extracellular loop)7} &

A, ZE2S 0]438 in vitro 2 in vivo 7ol <]

2

RAMPI 77258 RhEo]A]

Y (transmembrane domain)®} &

o

oA Fastal vhefet IS Yehdo] &9t st &
£S5 A ok g2 Az vk Luk 3o 9lo]
Al T8t 7158 st Ao dEA drt olE 2
& F 53] 783 75 59 st #d 270l
2 A2 M2 o] oA A (nitrite) S Kb 291
FAGH AR o] sAlA Abshd Ax(nitric oxide)E
gt AR o] 715 ool wAEtH At
7 22 Ay el digk Aol Sksk A #
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NRAMPI ©9-2 A8 44 Y25 27} &
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AA 992 A7 971 7 RaE L gl
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Aol Qtta FAskth ey Mol=Z ezl x99
HA FAES oz Agst oA %}

(promotor) F-91¢] (CA), microsatellite #+=-2] 4= ¥
SH5'(CA)), 4H JIEES G/C A2H469+14G/C,
INT4), 543 Z=2] o}~ 2H o] E(aspartic acid)?l]
Al ol ulE}7) (asparagine) & 2 2] Wo(D543N), 3’
H| 8] =] 9 (untranslated  region)®] TGTG A<
(1729+55del4, 3'UTR) 59 D}fﬂ—%l Azl
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