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3 Abstract
Background: The natural resistance-associated macrophage protein 1 (NRAMP-1) gene encodes a
protein which finally kills Mycobacterium tuberculosis. Susceptibility to tuberculosis may be
influenced by mutations in this gene.

Objective: The aim of this study was to compare the frequency of NRAMP-1 gene polymorphisms
among tuberculosis patients and control group in Zahedan.

Methods: This molecular epidemiologic study was conducted on 82 tuberculosis patients and 150
healthy controls referred to Booali Hospital in Zahedan, during 2012. After Polymerase chain
reaction (PCR), PCR products were treated by Avall, Fokl and Apal restriction enzymes and were
evaluated by restriction fragment length polymorphism (RFLP) to determine the NRAMP-1 gene
polymorphisms at INT4, D543 and 3' UTR loci. Data were analyzed by Fisher Exact test and
descriptive statistics.

Findings: The heterozygote patterns at INT4 (G/C), D543 (G/A) and 3'UTR (+/del) loci were more
prevalent in the controls than in patients while the homozygous patterns at these loci were more
prevalent in patients.

Conclusion: This study showed that individuals with homozygous type mutation have an increased
risk of developing tuberculosis compared to heterozygote ones.

Keywords: Tuberculosis, Polymorphism, Natural Resistance-Associated Macrophage Protein 1

Corresponding Address: Taghi Naserpour Farivar, Cellular and Molecular Research Center, Qazvin University of
Medical Sciences, Qazvin, Iran

Email: t.naserpour@qums.ac.ir

Tel: +98-281-3324971

Received: 24 Feb 2013

Accepted: 8 Jun 2013


https://core.ac.uk/display/35277491?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

(a3 e /YA OLT 5 e P8 o 53 () Foleh coacian Sl e 35 (S sk oiils ok dlone VY

NRAMP_Y 5 3'UTR D543 ¢« INT4 slaolils ;3 pansd 90 s Slol 8
oty Wl g Jolamo 31451

#

Tume s 6 dazme S *p oyl (5SS

98 (S pole oltily (JoSUge g (ol Clisind S0 (ol g e Sl 2
ohalj (S pole olStily Sgde slacsslon ot
9 by pole ol (JoSge 9 Jgho liiod 550 (g ko olid)

SYAV-YYYFAVY il o JoS0ge o (Jole liing 3S 10 ¢ opo3B (S pole olKuld (3938 1 Jghume 0wy (ol
Email: t.naserpour@qums.ac.ir
AYIYIVA 2o pdy fo,b AVNYIE wcél ) o)l

baSa #
sl 423 £ ()5 =l 3 Gorlise (B9 9doe 2 jolS pg5 o ySlsSale Spe sl & WS 0 Sy (5590 NRAMP-1 5 14003
28 )8 05 ol Slagsmlise b o8 Bl e Ju 43,5 (M

5 pbul sty b Wl g Jgluo 31,81 3 NRAMP-1 15 ouund 90 Js (Slgly3 duliopolaie &y dalllas 1B

Lol el 3yl 35 18 g (55 AY) 05 305 Sy st a5 352 T8 o 53 e ol S e 5] Hb s, 3 Slgo
dedme 13l L (slap 5l b dhols @Y guame PCR plol j s 25,5 anslyo clhialy Jeg buojlon 4 o ()l 5 e s 45 a8 s
5 030l NRAMP-1 15 s yg,dy ey (5l (RFLP) sl (gloaakss _Jgb ounsbyga s 3l g 545 sl Avall , Fokl , Apal
A5 olil hwogi ol 5 pind (claygesl 5l (oylel s o (6l

S sals hlew » (Dlas ol ©ejeen 651 g ohlow 5| Sals Wl 31,31 37UTR 3 D543 ANT4 )5 e j 0 (3] saidl
2o Wl 3,48l

5515 oo Ml (gl (65t il a5 j9 A 3 &y Capnd S5 jgad £ gelise L 33l ol LS adlllas (] 16 5 A

NRAMP-1. g yg0 s <o 00031948

1doddo H

B xSl oal oy 0 &8 (38 g cunl glie
1l g Wosglis ] 3948 a3 Mive oo ) Log3) 2,5
M8 (S8} gl ogad 4 ljee Jolos S5 &
sl s lom ol & ilio
g See dds (£ puslle S (Jolo o
oo lan b alilie 3 o 263 Lol puilSa
Fols oyl ol el I T elacmsid i
Lacnls sl b b ]y 358 (5 o oS st
1 olgee €65 458 55 byls gnle Mans o Jlesl

oS cul Gge @b slaclon (S g5y S

Ol 2 58 ghe d I Gl S e ol AUl
b Sl eols o oy o) oA 3lomy] ole 555
sl pr0dle sl ujolS g5 por pSLsSole pb 4
(Sylows ) ALBIS 4D 93 odyS J S sladel y
Gy oty Sote glacslon | (S lzen
o polie sladygw (518 9 0l b (B)b jl o9 oo
035 3Lonl Sl ghaw 3 1) e oSS )l
o] 4 Gl 48 3loals it oy M

e lis J|)_§]Q[_$A)>O|H9o)9>u—’i>ad)l‘*ﬁ



Y

DS 5 5903 5310l (B 3 1 slaololr 55 by go y Slsl 3

sbadiges 5 839 03)5 axzlpe (oo (liwylon 4 Juo
33 32 E gy gl s b 5 S g
ol Ladsges olowl (3 g 0l (69l aen ¢ Joluo
5 509y S 93 31,8y b cle) Spily o3l
A5 (ol S
Be g 8l Jobe pidg)Sue Ve e b ladiges Lt
4250 00 glod 3 sl Sy g bglsea K jliiy 5,5
Voo Oup D90 J g8 (Sl a8 S 18 1S ol
¥ 4 (Binding Buffer) o0 S Jate Joloee yidg,Sio
K 5Lasgn ideySee 00 g A (o Jotome g S
a8 Ve Sde 4T Sl as Ve gled jd g sl
S 3 S Jollygins B oo 0 ks 03l 51,3
725 Sleyely ir b g glsenl laaisas DNA (3
005 PCR asby b

, D543: PF: 5'-GCATCTCCCCAATTCATGGT-
3", PR: 5-AACTGTCCCCACCTATCCTG-3'
,3’UTR; PF: 5'-GCATCTCCCCAATTCATGGT-
3", PR: 5-AACTGTCCCCACCTATCCTG-3'
INT-4; PF: 5'-CTCTGGCTGAAGGCTCTCC-3',
PR: 5'-CTCTGGCTGAAGGCTCTCC-3'

oS Gl iS5 dnkad (D543 4ol b g0 UL

ool 5l e il JL cds YFF dgus > Job
OFY 935 0 (5L S S sly) )5 41,8 Avall
(b e kel 4 Sl i 4y &8
ol S (glutbly iS5 askas  UTR ol paesd 90
B FOK T w3l 1 con wwusls jb cds VFF sq05 5
A5 gladly s iS5 aalad INT-4 g yg0 UL )5
ool 5l coss ccily 5L cas SYY dgus o Job
3 s EYY ol jpin a0l (sl (505 0 plosl £
Y 5,051 J5 L 559995801 « PCR bl 5 o 3'UTR

.Jw.) Fl?!j‘ Juo).)
HESVEINR S
ool gl iz Jlai ) aslllao 350 05,5 42

LBl 368G b gyl pime

3] . s e o oo
ol 31l i LS lsSols (sacisis
U) Jol_;)l ‘J_w d)l_ao.:)' l_> b»)_n J._z.ﬁlf Lgl_zboj
(Natural Resistance-Associated Macrophage Protein)

P sl o |35 Cilises (gloaslllas ,> NRAMPI
Camlus s o] )3 amalie & lagy§ calis
ca s 4 A_:ly‘_,’_p cJH‘_,’_A J.w )g‘)g 5 WSLQA L
porSlasSale 1l 55 (ol i (6995 132
") Ll Ses
p939i) 5 633U pojsnl ;> NRAMP-1 55
gl s s3>, sl Jls dgo)b ), 8 Lajley Sl
- ISLCIIAT yfigyy 39 e siipails slcl1al
alyl pg;oS o 1) byl 93 (slayeslS NRAMP-1
AY) . . L
Y 5 0 yorin aguaslS g ySen
Slods ui’:)l)'f NRAMP-]O}' » dhmﬂé)y&
2 S 23, S o, Ll 25 lse & g o dlon dj jlas
Sl S (Sl F eyl 0 G/C 45555 S
PR SN PR3 I JWE- PYILY ) o R
Ulaosy e 4l P TGTG il Bis g 355 0
& . & - \. ﬂ
=4S 39800 g (25 8 el o3 ot Uy
By g0 ol g per S LgSle S e ol p
Ol 3 Jeols gy s 25 05 o=l )3 (9alige
255 589 Sl )3 bl pgs SLgSSle g 39 s0 o 5
olpl )0 wiis Jw 09 pld 4 as g LI (\\).A{liup
05 9o b (Sl ainlie Bua b adllas oyl
45) OI.\_mI)‘ i ﬂ,JLw 9 J9L»w° Jl)él ;) NRAMP-1
A5 plol (cw\flg J 2 o Eguis

g, g dlge ¥
2 b s Jsse ki pSaan adllas oy
12 Joluo lolows plos —cill 1 ploxl 095 53 (59,
SFolaly pad ogm Gl 4 oS aslye ol
35300 =0 5 AY) WAV Jlo bl 5 VFAS Lo
M) ) e Y 4 oS ) e pll L3l )



(a3 e /AYAY OLT 5 gn (P8 o 53 () Foloh coacian Sl e 33 (S pshe oiils ok dlone \F

(5 5 oS g Coomy K

2 ©pRj9y 59N aS sy L (wyp o)
o 5,8l NRAMP-1 5 3’UTR 4 D543 . INT4
©5Rigegn 595 ¢ )low:
Ll (Pt b Pl )

O3 2 4S5 b Ll cwl o ek
ok 50 sl 03l 5l ook ol adle el

\\‘ \5; N - N

%)) )_iL,; 3y p S gSile Jte
emadllas 305 1y g Slo 1> Sisaglyy 5,Skas 58
Oke 3 NRAMP-1 5 igs o5 Slodly olis (g0l
L oy o0, M) " i sl Jshooo oylows
sloasdllas cunl o 390 S Jd (g lows jop pie
Ol Ml Sz g laie; e ogas > gl
il 89y 3 adlllas atax 1295 plonl gl
{VDR) D yslisg 535555 HLA (sl oS
&5 3l (b Cgliio L Ly o (53L09,S Lo (g
5 (MBL) j5Lo 4 09 Juate (55 « NRAMP-1
\R .. . ..
TUINE) s y905 39555 Jols 3

3V e p ghlSen g g
Jslss jl Sy olse 4y |, NRAMP-1/Slcl1al
9 J Solow 4 M )195 ol sl b (S
Jlw » o)L 4 u‘ Vsl )8 adllas 590 pli>
M) slasiwl 3 1) 3'UTR puad g0 b Wb yey

W o . C .

Ma53)8 e uajslS g5 Csto puoul &1 Glojue
9559 b )?*45 4 V¥ JL“ 2 O 5 ygenites
‘—e 28 INT4 pund 90 L;b o= u‘ow OhSes 5
Jlo 3 hlSan 5 ool Uil 0,5 )5 cute pran!
D543N3'UTR (INT4 0 (bls)l jiSTye 3 YooY
o2 5 03 el Ll Ml o g los b
s coylom U o LU, D543 oS ol oL

(v)

2 3 99 Oblew I Jald

D,

2 culigh) g ol puad (sladises ) ojles S5 50
ol 00 yasuie 4.>L.

1KB Ladder

50bp DNA Ladder l

PCR Jgmane i p )l ool Sladid 1Y s | DNA 50bp o 2 U—hNRAMPl <) M“)
lali 1 L (D5A3AA) s 204 5 ruwbh..rw)ﬁb » Avall mp BasDSA3 o)
wylky o Qpebise o)y sl Avall bupD543 ) PCR Jpmas i f el
. Fokl @3l s s3UTR O) PCR..J}-L'-J-‘)‘ )‘u—"‘-\uu R .{05435‘3 u"}i
L Apala il s SINTE ) PCRJpmans g 3§ Jualan Siladad 10 Jas

NRAMP-1 (45 Siamligis - JS

» D543 Ggrabise sl (S5-Rj9en o5 g
IV g aS cwl Jls o opl s sdalie wlle 09,5
M3l ao > ¥/Y g INT-4 13 amolige g ol 3l woys
WA 00d (T 5900 (66N B'UTR (o ysumlige sy
SRE P NOW TP RES PP
D543 5 bl sl Jg s 053 3'UTR > Wl
() ojloss Jgio) gy oalie LB INT 4

Jokuno 31,31 ;3 Nramp-1 45 T Slglyd -y Jou

ol
gl b Jols 09,5
S | (800-) (& AY) U555
INT4
) s (15¥I5) O (£5¥15) G/G (Uncut)
e oY (XOIY) | YV (Yals) | GIC (csRee )
V(%eIY) A (ZAIA) C/C (s%s5900)
D543
YV (ZVEIY) Y (ZoVY) G/G (Wild)
e YA (ZAD/Y) YA (Z551Y) G/C (55 jg yim)
(%) \NVATLY! A/A (26555900)
3’UTR
WA (7a) W (/a¥f) | TGTG +-+(Wild)
a8 Ve (Z2IV) Y (ZY/¥) TGTH G+/del
(©9%2j9,%2)
¥ (V¥) AL TGTG del/del
(©955502)




o

DS 5 5903 5310l (B 3 1 slaololr 55 by go y Slsl 3

alpha gene in patients with infiltrative
tuberculosis and from the Bashkortostan
population. Mol Biol (Mosk) 2002 Sep-Oct;
36 (5): 784-7

5. Jo EK. Mycobacterial interaction with
innate receptors: TLRs, C-type lectins, and
NLRs. Curr Opin Infect Dis 2008 Jun; 21 (3):
279-86

6. Bellamy R, Hill AV. Genetic susceptibility
to mycobacteria and other infectious
pathogens in humans. Curr Opin Immunol
1998 Aug; 10 (4); 483-7

7. Hatta M, Ratnawati, Tanaka M, et al.
NRAMP1 / SLC11A1 gene polymorphisms
and host susceptibility to Mycobacterium
tuberculosis and M. leprae in South Sulawesi,
Indonesia. Southeast Asian J Trop Med
Public Health 2010 Mar; 41 (2): 386-94

8. Takahashi K, Hasegawa Y, Abe T, et al.
SLCI11Al NRAMP1)
polymorphisms associated with multidrug-

(formerly

resistant tuberculosis. Tuberculosis (Edinb)
2008 Jan; 88 (1): 52-7

9. Bellamy R, Ruwende C, Corrah T, et al.
Variations in the NRAMP 1 gene and
susceptibility to tuberculosis in West
Africans. N Engl J Med 1998 Mar 5; 338
(10): 640-4

10. Ryu S, Park YK, Bai GH, et al. 3'UTR
polymorphisms in the NRAMP1 gene are
associated with susceptibility to tuberculosis
in Koreans. Int J Tuberc Lung Dis 2000Jun; 4
(6): 577-80

11. Nugraha J, Anggraini R. NRAMPI
polymorphism and susceptibility to lung
tuberculosis in  Surabaya, Indonesia.
Southeast Asian J Trop Med Public
Health 2011 Mar; 42 (2): 338-41

12. Richardson LJ, Kaestli M, Mayo M, et al.
Towards a rapid molecular diagnostic for
melioidosis: Comparison of DNA extraction

byl il VoA Jlw 5 o )LSen o 1)

)35 3525 (3985 38 &2 sl 5 3UTR s
Jobus olhlows 13 D543 §3'UTR il adllas )

s 013 (550 S G sl 331 &y g
3'UTR > yaewwlige yljme 45" lodly lis aaslllas
P 9o ¥Y o8y ool Lo olay 8l o el i
PRI A TN UL < SUPSRR L I
2 Opwlige a5 15,5 ssalie ladles b o Sen
¥ jlew o8l 5 0o d AY Wl 51,81 D543(G\A)

9 D543 b yge (b (lae (b5 gun 939 oy

(VV).M‘JJ .)}>9 d)l.o.u ..\39) 9 3'UTR

3UTR oo (bl gua () ool 5> IS y5b 4

&sbos 3om) Jlois! g NRAMP-1,5 )5 INT4

D543 (lapundysn b a5 b i osalio Ju
g bl 3 o] dags g Jo (sslow

1815 ol #
S i pode o5l Jle coles b adllas oy
Cawl o plol laaly (Sis pole oSl g (g3

éa-‘ » 3
1. World Health Organization Tuberculosis
Fast Sheet. Available at:

http://www.who.int/tb/publications/factsheets
/en/Accessed in: 2012 Mar

2. Desalu OO, Adeoti AO, Fadeyi A, et al.
Awareness of the warning signs, risk factors,
and treatment for tuberculosis among urban
Nigerians. Tuberc Res Treat 2013; 2013:
369717

3. Abbas AK, Lichtman H, Pillai S. Cellular
and molecular immunology. 8th ed.
NewYork, Saunders; 2010. 210-15

4, Bikmaeva AR, Sibiriak SV,
Valiakhmetova DKh, Khusnutdinova EK.
Polymorphism of the tumor necrosis factor



(a3 e /AYAY OLT 5 gn (P8 o 53 () Foloh coacian Sl e 33 (S pshe oiils ok dlone V8

methods from clinical specimens. J Microbiol
Methods 2012 Jan; 88 (1): 179-81

13. Hebron HR, Yang Y, Hang J. Purification
of genomic DNA  with
contamination of proteins J Biomol Tech
2009 Dec; 20 (5): 278-81

14. Brown DH, Miles BA, Zwilling BS.
Growth of Mycobacterium tuberculosis in

minimal

BCG-resistant and - susceptible mice:
Establishment of latency and reactivation.
Infect Immun 1995 Jun; 63 (6): 2243-7

15. Awomoyi AA, Marchant A, Howson JM,
et al. Interleukin-10, polymorphism in
SLC11A1  (formerly = NRAMP1), and
susceptibility to tuberculosis. J Infect Dis
2002 Dec; 186 (12): 1808-14

16. Medina E, North RIJ. Evidence
inconsistent with a role for the Bcg gene
(Nrampl) in resistance of mice to infection
with virulent Mycobacterium tuberculosis. J
Exp Med 1996 Mar 1; 183 (3): 1045-51

17. Soborg C, Andersen AB, Madsen HO, et
al. Natural resistance-associated macrophage
protein 1 polymorphisms are associated with
microscopy - positive tuberculosis. J Infect
Dis 2002 Aug 15; 186 (4): 517-21

18. Blackwell JM, Goswami T, Evans CA, et
al. SLCI11Al (formerly NRAMP1) and
disease resistance. Cell Microbiol 2001 Dec;
3 (12): 773-84

19. Abe T, Iinuma Y, Ando M, et al.
NRAMP1 polymorphisms, susceptibility and
clinical features of tuberculosis. J Infect 2003
May; 46 (4): 215-20

20. Stienstra Y, van der Graaf WT, te
Meerman GJ, et al. Susceptibility to
development of Mycobacterium ulcerans
disease: Review of possible risk factors. Trop
Med Int Health 2001 Jul; 6 (7): 554-62

21. Nino-Moreno P, Portales-Pérez D,
Hernandez-Castro B, et al. P2X7 and
NRAMP1 / SLC11 Al gene polymorphisms
in Mexican mestizo patients with pulmonary
tuberculosis. Clin Exp Immunol 2007 Jun;
148 (3): 469-77

22. Nishimura M, Obayashi H, Mizuta I, et al.
TNF, TNF receptor type 1, and allograft
inflammatory factor-1 gene polymorphisms
in Japanese patients with type 1 diabetes.
Hum Immunol 2003 Feb; 64 (2): 302-9

23. Kim JH, Lee SY, Lee SH, et al. NRAMP1
genetic polymorphisms as a risk factor of
tuberculosis pleurisy. Int J Tuberc Lung Dis
2003 Apr; 7 (4): 370-5

24. Farnia F, Pajand O, Anoosh S, et al.
NRAMP1 gene
polymorphism among TB health care workers

Comparison of

and recently infect cases; assessment of host
susceptibility. Tanaffos 2008; 7 (1): 19-24 [In
Persian]

25. Vejbaesya S, Chierakul N, Luangtrakool
P, et al. NRAMPI and TNF-alpha
polymorphisms  and  susceptibility  to
tuberculosis in  Thais. Respirology 2007
Mar; 12 (2): 202-6

26. Ates O, Dalyan L, Hatemi G, et al.
Genetic susceptibility to Behget's syndrome is
associated with NRAMP1 (SLCI11Al)
polymorphism in Turkish patients. Rheumatol
Int 2009 May; 29 (7): 787-91

27. Farnia P, Masjedi MR, Mirsaeidi M, et al.
Prevalence of Haarlem I and Beijing types of
Mycobacterium tuberculosis strains in Iranian
and Afghan MDR-TB patients. J Infect 2006
Nov; 53 (5): 331-6



	5.pdf
	6.pdf

