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Abstract

Objectives: The natural resistance-associated macrophage protein 1 (NRAMP1) regulates susceptibility to
infectious and autoimmune diseases. NRAMP1 gene polymorphisms have been implicated in susceptibility to
tuberculosis. The frequency of NRAMP1 gene polymorphisms was therefore evaluated in three Manitoba First
Nations sub-groups (Dene, Cree, and Saulteaux) with differential but high rates of tuberculosis (636/100,000,
496/100,000, and 0/100,000 respectively).

Methods: Venous blood samples were collected from 281 study participants from three First Nations sub-groups
(Dene (N=108), Cree (N=41), Saulteaux (N=49)), and a non-indigenous Canadian-born (European-descent) group
(N=83). Genomic DNA was extracted and four single nucleotide polymorphisms in the NRAMP1 gene (5′ (GT)n,
-274 (C/T), Intron 4 (469+14 G/C), D543N (G/A)) were genotyped using restriction fragment length polymorphism.
NRAMP1 SNP allele frequencies were counted and compared between studied sub-groups.

Results: The Dene sub-group had significantly different allele frequencies of NRAMP1 (5′(GT)n, -274 (C/T),
Intron 4(G/C), D543N (G/A)) compared to the European-descent group. The NRAMP1 allele frequencies at D543N
(G/A) and Intron 4(G/C) differed significantly between the Cree and the European-descent group while the allele
frequencies of the Saulteaux were not significantly different from the European-descent group. Two sub-groups
(Dene and Cree) had higher frequency of NRAMP1 D543N (A) allele, which is associated with tuberculosis in other
populations.

Conclusion: High, but differential rates of tuberculosis among the First Nation sub-groups in Manitoba are
related to social determinants of health (i.e. poverty, racism, inadequate housing) but other potential risk factors such
as gene polymorphisms associated with tuberculosis have only recently come under investigation. NRAMP1 allele
frequencies were found to be different comparing the Dene, Cree and Saulteaux and their role in tuberculosis
susceptibility/resistance needs further investigation.
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Introduction
Tuberculosis is a major global health concern not only in developing

countries, but also among sub-populations in industrialized countries.
In the Canadian province of Manitoba, the 2012 incidence of
tuberculosis was 0.8 per 100,000 in the non-indigenous Canadian-born

population1, compared to 66/100,000 among the First Nation2

population [1]. First Nations in Manitoba are comprised of five distinct
language and cultural sub-groups three of which are included in this
study Dene, Cree and Saulteaux [2]. The Dene First Nation
experienced an average annual tuberculosis incidence of 636/100,000
between 1994 and 2004 and they had the highest average annual
tuberculosis incidence from 1975-1994 (496/100,000) [3]. The Cree
and Saulteaux on reserve had lower tuberculosis rates (291/100,000
and 0/100,000) during this same period [4]. The determinants of

1 Non-indigenous Canadian-born individuals in this study are of European descent.
2 First Nations, Inuit, and Metis are the three groups that comprise Aboriginals in Canada. First Nations have Status according to the

revised Canadian Indian Act (1985).
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tuberculosis incidence in many Canadian First Nations populations
include socioeconomic and political factors including poverty, racism,
unequal access to health care, crowded and inadequate housing, and
food insecurity, and biological factors such as host/pathogen genetics
and co-morbidities [5,6]. There has been little work investigating the
role that gene polymorphisms may have as risk factors for tuberculosis
in these groups.

Among host genetic factors, gene polymorphisms in the natural
resistance-associated macrophage protein 1 (NRAMP1) (also called
SLC11A1 (solute carrier family 11A member 1)) have been associated
with tuberculosis in Africa, Japan, Korea, and in North American
indigenous groups [7-15]. Direct in vivo evidence for the complex
interaction between the human host and Mycobacterium tuberculosis
(Mtb) in terms of iron competition during infection and disease
outcomes is limited, and in vitro studies and murine models introduce
contradictory evidence [7,8,16,17]. NRAMP1 is a non-heme iron
factor, localized in macrophage phagosomal membrane, known to
transport divalent cations (putatively iron) across the phagosomal
membrane, and known to confer resistance to intraphagosomal
pathogens such as Mycobacterium tuberculosis (Mtb). NRAMP1
transports iron across the phagosomal membrane, thereby altering the
Fe2+ concentration into a bacterium containing phagosome [18-20].
The range of pleiotropic effects that NRAMP1 has on macrophage
function includes the increased expression of pro-inflammatory
cytokines (interleukin-1β and tumor necrosis factor-α), the production
of pro-inflammatory effectors molecules, and regulation of the
adaptive immune response [21-23]. The immune regulatory
capabilities of NRAMP1 make the gene a strong candidate for
influencing both infectious diseases and autoimmune conditions
[24-28].
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SNP ID  rs# rs534448891 rs2276631 rs3731865 rs17235409 

Figure 1: Location of NRAMP1 polymorphisms analysed in this
study. Exons are shown as black boxes and their respective numbers
corresponding to the length (kb) of the gene. The grey boxes
indicate the 3′ and 5′ untranslated regions and the introns. Below
each polymorphism is the reference single nucleotide
polymorphism (rs#) identification number.

Four NRAMP1 SNPs (5′(GT)n, 274 (C/T), Intron 4, D543N) have
been studied globally and associations between the gene variants,
tuberculosis and autoimmune diseases have had mixed results,
confirmed in some studies but not in others [7,8,10,11,14,15,28-31]
(Figure 1). In an analysis of a Canadian Aboriginal family, gene
polymorphisms in NRAMP1 were associated with the rate of
progression from infection to disease [8]. As a part of a larger study on
tuberculosis in First Nations in Manitoba we therefore investigated the
frequency of NRAMP1 alleles in three First Nations sub-groups in
Manitoba that have differential rates of tuberculosis.

Study design and research methodology
Study participants and ethics: This study is a part of a larger

research project on risk factors for tuberculosis in Manitoba First
Nations sub-groups. The Dene participants are Athapaskan speakers
and reside in a remote northern community in Manitoba that is
accessible only by air or winter ice-roads.

The Algonquian speaking Cree participants are located in central
Manitoba (approximately 700 km south of the Dene) in a community
that is accessible all year-round. The Saulteaux participants are also
part of the Algonquian language family but reside in south-western
part of Manitoba (approximately 775 km from the Cree community) in
a largely rural community.

Community consultation determined that convenience sampling
(volunteers responding to advertisement), rather than random
sampling, was the only methodology considered acceptable by First
Nations community members for this research. Canadian Aboriginal
research principles of ownership, control, access and possession
(OCAP) were followed [32]. The University of Manitoba Health
Research Ethics Board (H2005-106) and the communities Chief and
Council approved the study. Study participants were 18 years of age or
older, were able to provide written informed consent and self-
identified. First Nation participants were recruited in one of three
geographically separate First Nation Reserves in Manitoba and
individuals self-identified as Dene, Cree or Saulteaux. First and
second-degree relatives of already enrolled participants were excluded.
The non-indigenous Canadian-born (European-descent) individuals
were enrolled at the University of Manitoba.

SNP analyses: DNA was extracted from whole blood by absorption
onto QIAamp silica-gel following QIAGEN protease digestion (Qiagen,
Mississauga, Canada). After column elution the purity and
concentration of extracted DNA was determined by UV spectroscopy
(BioRad, Mississauga, Canada). The following three NRAMP1
polymorphisms were typed by PCR amplification: a single-nucleotide
change in Intron 4 (469+14G/C) (Intron 4) (GenBank rs3731865); a
non-conservative single-base substitution at codon 543 in exon 15 that
changes aspartic acid to asparagine (D543N) (GenBank rs17235409); a
single nucleotide change in exon 3 (-274 C/T) (GenBank rs2276631).
Restriction fragment length polymorphism with positive controls was
used detect genotypes for -274 C/T, Intron 4 G/C, and D543N G/A
following published protocols [33]. Each PCR reaction contained pre-
optimized sequence specific primers, 100 ng of genomic DNA, and
0.25U Taq polymerase (PE Biosystems, Mississauga, Canada).
Following the initial denaturation steps, samples were subjected to an
initial 9 rounds of PCR consisting of 96°C for 10 sec, 63°C for 60 sec
followed by 20 rounds of PCR consisting of 96°C for 10 sec, 56°C for
30 sec and 72°C for 30 sec. To visualize the PCR products 10 μl of the
amplified reaction was run in a 2.5% agarose gel containing 0.5%
ethidium bromide at 150 V for 5 minutes. DNA bands were then
visualized with UV light on a transilluminator and photographed for
subsequent analysis. A repeat in the promoter region of NRAMP1
(5′GTn) (GenBank rs34448891) was sequenced using the standard
protocols with the ABI Big Dye Terminator Sequencing V.3.1 kit® to
detect the major 5′(GT)n alleles-Allele 2 (t(GT)5ac(GT)5ac(CT)10g)
or Allele 3 (t(GT)5ac(GT)5ac(CT)9g) in samples where the DNA yield
was sufficient.
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 MAF  Genotypes     

D543N (1703) rs17235409 A G G/G G/A A/A HWE (P) Pa

Dene 0.2837 0.7163 0.5145 0.4078 0.0777 0.01 <0.0001

Cree 0.1667 0.8333 0.7714 0.2286 0 0.4 0.005

Saulteaux 0.0306 0.9694 0.9388 0.0612 0 0.8 0.7

European-descent 0.0225 0.9775 0.9551 0.0449 0 0.8 -

Intron 4 (469+14G/C) rs3731865 C G G/G G/C C/C HWE (P) Pa

Dene 0.1048 0.8952 0.8585 0.1415 0.0000 0.3 <0.0001

Cree 0.0952 0.9048 0.8286 0.1143 0.0571 0.01 0.03

Saulteaux 0.2347 0.7653 0.551 0.4286 0.0204 0.05 0.3

European-descent 0.2528 0.7472 0.5618 0.3708 0.0674 0.8 -

274 (C/T) rs2276631 T C C/C C/T T/T HWE (P) Pa

Dene 0.1238 0.8762 0.8817 0.086 0.0323 0.3 0.01

Cree 0.119 0.881 0.7714 0.1714 0.0572 0.07 0.16

Saulteaux 0.2449 0.7551 0.5833 0.3333 0.0834 0.4 0.9

European-descent 0.2611 0.7389 0.0899 0.3371 0.573 0.2 -

5'(GT)nrs34448891 A2 A3 A3/A3 A3/A2 A2/A2 HWE (P) Pa

Dene 0.1733 0.8267 0.8095 0.1904 0 0.2 0.02

Cree 0.2375 0.7625 0.5897 0.359 0.0513 0.06 0.68

European-descent 0.2614 0.7386 0.5682 0.3409 0.0909 0.2 -

Table 1: NRAMP1 allele and genotype frequencies for three First Nations and a European-descent cohort. MAF: Minor allele frequency; HWE:
Hardy Weinberg Equilibrium; Pa: Reference European-descent.

Statistical analysis: Genetic analyses were performed using
GENEPOP (version 1.2) Inc [34]. Hardy-Weinberg Equilibrium
(HWE) was assessed for the genotype distribution of each NRAMP1
restriction sites using Fishers Exact test. NRAMP1 genotype
frequencies were compared using the Fisher Exact two-tailed test;
p<0.05 was reported as significant.

Results
Two hundred and eighty-one participants were enrolled into the

study (Dene N=108, 52 males/56 females, mean age=43 years; Cree
N=41, 19 males/ 22 females, mean age=41 years; Saulteaux N=49, 25
males/ 24 females, mean age=42 years; European-descent group N=83,
31 males/52 females, mean age=52 years). NRAMP1 SNPs (Table 1) at
Intron 4 (Cree and Saulteaux) and D543N (Dene) were not in HWE
(p<0.05), indicating that these genotype frequencies deviate from
equilibrium and may be under selective pressure (genetic drift).

Compared to European-descent participants, Dene First Nation had
significantly different allele frequencies at four NRAMP1 loci (5′
(GT)n (p=0.02), -274(C/T) (p=0.01), Intron 4 (G/C) (p<0.001), and
D543N (G/A) (p<0.001)) (Table 1). Cree participants were significantly
different at 2 loci (Intron 4 (G/C) (p=0.03), D543N (G/A) (p=0.005)),
and Saulteaux were not significantly different. Differences were also

found in the allele frequencies between the First Nations subgroups.
The Dene had significantly different frequencies of NRAMP1 SNPs
than the Saulteaux at all four loci and one loci was significantly
different from the Cree subgroup D543N (G/A) (p<0.001).

Discussion
This is the first report of differences in allele frequencies of the

NRAMP1 gene between First Nation sub-groups that have differential
rates of tuberculosis. Compared to the participants of European-
descent, the Dene and Cree significantly differ in NRAMP1 allele
frequencies at the D543N and Intron 4. The Dene also had allele
frequencies at the NRAMP1 5′ (GT)n and -274 (C/T) loci that were
significantly different from the European-descent group. The Saulteaux
were not significantly different from the European-descent sub-group.
Differences in allele frequencies between European-descent groups,
Dene, Cree, and Saulteaux were found in previous studies of immune
regulatory genes (i.e. cytokine promoters) [5,35]. This analysis found
that the Dene maintained higher frequencies of alleles (D543N (A) and
-274 (C)) that have been associated with tuberculosis in other
populations [11,29]. In a meta-analysis of this NRAMP1 gene
polymorphism carriage of the D543N A allele, which has a frequency
of 28.3% in the Dene cohort, was significantly associated with TB (OR,
1.24: 95% CI 1.04-1.49) in African and Asian populations but not
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Western European [7,9,14,15]. NRAMP1 D543N (G/A) (Asparagine/
Aspartic acid) codon substitution of the negatively charged aspartic
acid to an uncharged asparagine residue may affect the function of the
protein or be linked to NRAMP1 genes and limit the macrophage
response to Mtb [16,20,24]. The A allele is rare (but not absent) in
western and central European populations and in the European-
descent group (<5%) in this study [36-38]. In studies where the A allele
occurs, the variant genotypes G/A and A/A or the A allele were of
significantly higher frequency in tuberculosis patient groups compared
to controls in Indonesian, Cambodian and African groups [7,29,39,40].
The D543N A allele was found in 22% of Indonesian controls but only
in 2-15% of other Asian populations [9,38,39]. The occurrence of
D543N A/A homozygotes in the Dene but not the Cree, Saulteaux, or
European-descent cohorts could indicate selective pressures or it could
be a function of the small population.

The Dene but not the Cree or Saulteaux, had significantly higher
frequencies of the NRAMP1 -274 C allele and C/C homozygotes
compared to the European-descent groups. The NRAMP1 -274 (C/T)
allele frequencies for the European-descent group were similar to those
of western and northern Europe and for North American Caucasians
[41]. In a study by Malik [11] the common C allele of the -274 (C/T)
SNP was strongly associated with pediatric tuberculosis particularly in
males. A conclusion has been made that this allele promotes rapid
progression from infection to disease in primarily American, and
Asian populations [11,16,42]. Further studies provided direct evidence
that the -274 C/C carriers had reduced NRAMP1 function as
compared to those with the C/T genotype and that the C allele may be
linked with low innate macrophage function [13]. In other studies a
moderate linkage disequilibrium between the 5′ (GT)n and -274 (C/T)
was found but no association to tuberculosis in a Polish group [36].

While the Dene have significantly different allele frequencies at
NRAMP1 5′ (GT)n and Intron 4 compared to the European-descent,
they have higher frequencies of the alleles that may be protective
against infectious diseases [43,44]. The Dene had a higher frequency of
Allele 3 of the NRAMP1 5′ (GT)n compared to the European-descent
group and an increased percent of A3/A3 homozygotes. NRAMP1 5′
(GT)n polymorphic alleles been shown to be associated with
autoimmune and infectious diseases and Allele 3 has been associated
with protection from infectious diseases and tuberculosis [7,14,16,45].
In a recent meta-analysis of NRAMP1 alleles and disease Allele 2 was
associated with increased susceptibility to tuberculosis and
autoimmune conditions [7,27,31,46,47]. Of the nine NRAMP1 5′
(GT)n known to-date alleles 2 and 3 predominate and have differential
frequencies in developing countries and western populations
potentially reflecting differential responses to selective pressure
[48,49]. The four most common alleles (Allele 1 (GT)5AC(GT)11G;
Allele 2 (GT)5AC(GT [18])10G; Allele 3 (GT)5AC(GT)9G; and Allele
4 (GT)9G) have known functional differences [16,48]. Allele 3, the
most common promoter allele drives high NRAMP1 expression and
has a variable frequency of 0.65-0.85, depending upon geography and
ethnicity [50]. Allele 2 drives low expression of NRAMP1 expression
and occurs at a frequency of 0.10-0.30 [50]. The expression however
can be altered in response to cytokine and other exogenous stimuli
[49]. In the absence of any stimuli alleles 1, 2 and 4 were poor
NRAMP1 promoters whereas Allele 3 drives high expression. INF
stimulates similar levels of enhancement for all four alleles. In contrast,
LPS has no effect on NRAMP1 expression Alleles 1 and 4, reduced
expression in Allele 2, and enhance Allele 3 expression [18,49].

The Dene and Cree sub-groups had significantly lower frequency of
the Intron 4 risk allele (C) and the genotype (G/C) compared to the
European-descent, Saulteaux, and Cree. The Intron 4 C allele carriage
(CC+GC) was associated with increased risk of tuberculosis as
compared to GG genotype (OR, 1.23; 95% CI, 1.04-1.44) as
summarized in recent meta-analyses [31,51]. The frequency of the
Intron 4 G allele in the Dene (90%) and Cree (89%) was similar to that
found in Asians (89%) but higher than that of an African (64%) group
and a small Inuit (72%) group [43]. The allele and genotype
frequencies for the European-descent and Saulteaux were similar to
those for Caucasian and African groups [43]. The association of this
allele with tuberculosis was significant in African and Asian but not in
Western European subgroups [7,15,38,52]. Soborg et al. found a highly
significant correlation between the C allele and the presence of
microscopy-positive tuberculosis (p=0.004) [43]. In some populations
(i.e. Indonesia) the Intron 4 polymorphism is rare [39].

The higher frequency in the Dene sub-group of the purported
protective NRAMP1 Allele 3 compared to the Cree and a European-
descent group, and the low frequency of the purported Intron 4 risk
allele, is inconsistent with the rates of tuberculosis in these sub-groups.
Reasons for this discrepancy include that NRAMP1 5′ (GT)n and
Intron 4 polymorphisms are important loci but may be linked to other
functional loci. Other complex interactions (social, economic,
nutritional status, other co-infections) play a role in the tuberculosis
susceptibility and/or resistance. These risk factors and others are not
controlled for in this study.

The Manitoba Dene First Nation sub-group have significant
differences in the frequencies of NRAMP1 alleles compared to a Cree,
Saulteaux, and a European-descent. The Dene had higher frequencies
of NRAMP1 alleles that have been associated with tuberculosis in
other populations (-274 C/T and D534N G/A) and this sub-group has
experienced the highest rates of tuberculosis. In contrast, the allele
frequencies of the 4 NRAMP1 polymorphisms were not significantly
different between the Saulteaux and European-descent sub-groups.
These groups have similar and low rates of tuberculosis. In populations
with high rates tuberculosis, nutritional deficiencies of vitamin D, zinc,
protein, vitamin A, and iron may be an important determinant of the
incidence of tuberculosis [53]. Iron has a crucial role in mediating the
host-pathogen interactions, as pathogens utilize iron to influence
establishment of infection, propagate pathogenesis and sometimes
overcome host defences. Even though it has been shown that iron
metabolism can contribute to advancing the pathology and increase
mortality in infectious disease, mechanisms in the context of Mtb
infection has not been completely delineated [20]. Limitations in the
study are the small, potentially non-random, samples, which may make
these findings not generalizable to the larger First Nations groups. The
occurrence of HWE deviation in the D543N and the Intron 4 allele
frequencies for the Dene and Cree may support the supposition that
these groups are subject to differential selective pressures but
genotyping errors, small sample size, or disease associations can also
cause HWE deviation [35]. Clinical data on the participants were not
collected but individuals within each sub-group were members of First
Nation Reserves undergoing tuberculosis surveillance. [4].

Conclusions
The identification of gene polymorphisms that have immune

regulatory capabilities cannot fully rationalize the differential rates of
tuberculosis between First Nations sub-groups, and non-Aboriginal
groups. However, the investigation of gene polymorphisms that may
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play a role in the control of MTB in macrophages (i.e. NRAMP1) may
contribute to a more fulsome and balanced understanding of the risk
factors for tuberculosis. The populations in this study are rarely
included in the analyses of genetic risk factors for tuberculosis for
reasons including lack of trust of researchers, community priorities
other than research, and a historical lack of sharing of research
findings. The findings from this study suggest that genetic risk factors
for tuberculosis may play a role in susceptibility and/or resistance in
Canadian First Nations and should be further investigated at the sub-
group level along with social and environmental determinants of
health.

A more detailed understanding of the pathways of the innate
immune response to Mtb among Canadian First Nations may assist in
the development of preventive (i.e. vaccine) and therapeutic modalities
to be implemented in tandem with efforts to address the non-biologic
determinants of this disease. This study is a part of longstanding
research collaboration with First Nations peoples, investigating the
social, environmental, and biological factors influencing the high rates
of TB in their communities. Although the social and environmental
factors are of overwhelming importance in the causation of
tuberculosis in this population, and are amenable to intervention with
supporting political will, greater understanding of the biologic
determinants may also allow for the development and application of
effective medical strategies.

Acknowledgments
We express our respect and thanks to the Dene, Cree and Saulteaux

partners in this research. This work was supported by the National
Sanitarium Association Toronto, Canada.

References
1. Public Health Agency of Canada (2015) Tuberculosis in Canada 2013 –

Pre-release. Minister of Public Works and Government Services, Ottawa,
Canada.

2. Aboriginal Affairs and Northern Development Canada (2014) First
Nation. Ottawa, Canada.

3. Lodge A, Orr P, Larcombe L, Denechezhe L, Oakley L, et al. (2006) In
Tuberculosis in a remote Canadian Dené community: The impact of
virulence, genetic and environmental factors on epidemiology and
control, Congress on 13th International Circumpolar Health.
Novosibirsk, Siberia.

4. Olson LA (1999) Comparative study on the incidence of tuberculosis
among status Indians and other selected groups in Manitoba, Canada.
University of Manitoba, Winnipeg.

5. Larcombe L, Orr P, Turner-Brannen E, Slivinski CR, Nickerson PW, et al.
(2012) Effect of vitamin d supplementation on Mycobacterium
tuberculosis induced innate immune responses in a Canadian Dene First
Nations cohort. PLoS One 7: e40692.

6. Slater J, Larcombe L, Green C, Slivinski C, Singer M, et al. (2013) Vitamin
d and the nutrition transition in a northern Dene community. Int J
Circumpolar Health 72: 20723.

7. Bellamy R, Ruwende C, Corrah T, McAdam KP, Whittle HC, et al. (1998)
Variations in the NRAMP1 gene and susceptibility to tuberculosis in
West Africans. N Engl J Med 338: 640-644.

8. Greenwood CM, Fujiwara TM, Boothroyd LJ, Miller MA, Frappier D, et
al. (2000) Linkage of tuberculosis to chromosome 2q35 loci, including
NRAMP1, in a large aboriginal Canadian family. Am J Hum Genet 67:
405-416.

9. Ryu S, Park YK, Bai GH, Kim SJ, Park SN, et al. (2000) 3'UTR
polymorphisms in the NRAMP1 gene are associated with susceptibility to
tuberculosis in Koreans. Int J Tuberc Lung Dis 4: 577-580.

10. Hoal EG, Lewis LA, Jamieson SE, Tanzer F, Rossouw M, et al. (2004)
SLC11A1 (NRAMP1) but not SLC11A2 (NRAMP2) polymorphisms are
associated with susceptibility to tuberculosis in a high-incidence
community in South Africa. Int J Tuberc Lung Dis 8: 1464-1471.

11. Malik S, Abel L, Tooker H, Poon A, Simkin L, et al. (2005) Alleles of the
NRAMP1 gene are risk factors for pediatric tuberculosis disease. Proc
Natl Acad Sci U S A 102: 12183-12188.

12. Hsu YH, Chen CW, Sun HS, Jou R, Lee JJ, et al. (2006) Association of
NRAMP 1 gene polymorphism with susceptibility to tuberculosis in
Taiwanese aboriginals. J Formos Med Assoc 105: 363-369.

13. Gallant CJ, Malik S, Jabado N, Cellier M, Simkin L, et al. (2007) Reduced
in vitro functional activity of human nramp1 (slc11a1) allele that
predisposes to increased risk of pediatric tuberculosis disease. Genes
Immun 8: 691-698.

14. Soborg C, Andersen AB, Range N, Malenganisho W, Friis H, et al. (2007)
Influence of candidate susceptibility genes on tuberculosis in a high
endemic region. Mol Immunol 44: 2213-2220.

15. Li X, Yang Y, Zhou F, Zhang Y, Lu H, et al. (2011) SLC11A1 (NRAMP1)
polymorphisms and tuberculosis susceptibility: updated systematic
review and meta-analysis. PLoS One 6: e15831.

16. Liu J, Fujiwara TM, Buu NT, Sanchez FO, Cellier M, et al. (1995)
Identification of polymorphisms and sequence variants in the human
homologue of the mouse natural resistance-associated macrophage
protein gene. Am J Hum Genet 56: 845-853.

17. North RJ, LaCourse R, Ryan L, Gros P (1999) Consequence of Nramp1
deletion to Mycobacterium tuberculosis infection in mice. Infect Immun
67: 5811-5814.

18. Blackwell JM, Searle S (1999) Genetic regulation of macrophage
activation: understanding the function of Nramp1 (=Ity/Lsh/Bcg).
Immunol Lett 65: 73-80.

19. Ratledge C, Dover LG (2000) Iron metabolism in pathogenic bacteria.
Annu Rev Microbiol 54: 881-941.

20. McDermid JM, Prentice AM (2006) Iron and infection: effects of host
iron status and the iron-regulatory genes haptoglobin and NRAMP1
(SLC11A1) on host-pathogen interactions in tuberculosis and HIV. Clin
Sci (Lond) 110: 503-524.

21. Blackwell JM (1996) Structure and function of the natural-resistance-
associated macrophage protein (nramp1), a candidate protein for
infectious and autoimmune disease susceptibility. Mol Med Today 2:
205-211.

22. Stober CB, Brode S, White JK, Popoff JF, Blackwell JM (2007) Slc11a1,
formerly nramp1, is expressed in dendritic cells and influences major
histocompatibility complex class ii expression and antigen-presenting cell
function. Infect Immun 75: 5059-5067.

23. Karupiah G, Hunt NH, King NJ, Chaudhri G (2000) NADPH oxidase,
Nramp1 and nitric oxide synthase 2 in the host antimicrobial response.
Rev Immunogenet 2: 387-415.

24. Vidal S, Tremblay ML, Govoni G, Gauthier S, Sebastiani G, et al. (1995)
The Ity/Lsh/Bcg locus: natural resistance to infection with intracellular
parasites is abrogated by disruption of the Nramp1 gene. J Exp Med 182:
655-666.

25. Kotlowski R, Bernstein CN, Silverberg MS, Krause DO (2008)
Population-based case-control study of alpha 1-antitrypsin and SLC11A1
in Crohn's disease and ulcerative colitis. Inflamm Bowel Dis 14:
1112-1117.

26. Singal DP, Li J, Zhu Y, Zhang G (2000) NRAMP1 gene polymorphisms in
patients with rheumatoid arthritis. Tissue Antigens 55: 44-47.

27. Rodríguez MR, González-Escribano MF, Aguilar F, Valenzuela A, García
A, et al. (2002) Association of NRAMP1 promoter gene polymorphism
with the susceptibility and radiological severity of rheumatoid arthritis.
Tissue Antigens 59: 311-315.

28. Ates O, Dalyan L, Müsellim B, Hatemi G, Türker H, et al. (2009)
NRAMP1 (SLC11A1) gene polymorphisms that correlate with
autoimmune versus infectious disease susceptibility in tuberculosis and
rheumatoid arthritis. Int J Immunogenet 36: 15-19.

Citation: Larcombe LA, Mookherjee N, Lodge AM, Brown JS, Denechezhe L, et al. (2015) Frequency of NRAMP1 Gene Polymorphisms among
Canadian First Nations Peoples Experiencing Endemic Tuberculosis. Mycobact Dis 5: 193. doi:10.4172/2161-1068.1000193

Page 5 of 6

Mycobact Dis
ISSN:2161-1068 MDTL, an open access journal

Volume 5 • Issue 5 • 1000193

http://phac-aspc.gc.ca/tbpc-latb/pubs/tbcan13pre/assets/pdf/tbcan13pre-eng.pdf
http://phac-aspc.gc.ca/tbpc-latb/pubs/tbcan13pre/assets/pdf/tbcan13pre-eng.pdf
http://phac-aspc.gc.ca/tbpc-latb/pubs/tbcan13pre/assets/pdf/tbcan13pre-eng.pdf
http://www.aadnc-aandc.gc.ca/eng/1100100013791/1100100013795
http://www.aadnc-aandc.gc.ca/eng/1100100013791/1100100013795
http://www.ncbi.nlm.nih.gov/pubmed/9486992
http://www.ncbi.nlm.nih.gov/pubmed/9486992
http://www.ncbi.nlm.nih.gov/pubmed/9486992
http://www.ncbi.nlm.nih.gov/pubmed/10882571
http://www.ncbi.nlm.nih.gov/pubmed/10882571
http://www.ncbi.nlm.nih.gov/pubmed/10882571
http://www.ncbi.nlm.nih.gov/pubmed/10882571
http://www.ncbi.nlm.nih.gov/pubmed/10864190
http://www.ncbi.nlm.nih.gov/pubmed/10864190
http://www.ncbi.nlm.nih.gov/pubmed/10864190
http://www.ncbi.nlm.nih.gov/pubmed/15636493
http://www.ncbi.nlm.nih.gov/pubmed/15636493
http://www.ncbi.nlm.nih.gov/pubmed/15636493
http://www.ncbi.nlm.nih.gov/pubmed/15636493
http://www.ncbi.nlm.nih.gov/pubmed/16103355
http://www.ncbi.nlm.nih.gov/pubmed/16103355
http://www.ncbi.nlm.nih.gov/pubmed/16103355
http://www.ncbi.nlm.nih.gov/pubmed/16638645
http://www.ncbi.nlm.nih.gov/pubmed/16638645
http://www.ncbi.nlm.nih.gov/pubmed/16638645
http://www.ncbi.nlm.nih.gov/pubmed/17157384
http://www.ncbi.nlm.nih.gov/pubmed/17157384
http://www.ncbi.nlm.nih.gov/pubmed/17157384
http://www.ncbi.nlm.nih.gov/pubmed/21283567
http://www.ncbi.nlm.nih.gov/pubmed/21283567
http://www.ncbi.nlm.nih.gov/pubmed/21283567
http://www.ncbi.nlm.nih.gov/pubmed/10531233
http://www.ncbi.nlm.nih.gov/pubmed/10531233
http://www.ncbi.nlm.nih.gov/pubmed/10531233
http://www.ncbi.nlm.nih.gov/pubmed/10065630
http://www.ncbi.nlm.nih.gov/pubmed/10065630
http://www.ncbi.nlm.nih.gov/pubmed/10065630
http://www.ncbi.nlm.nih.gov/pubmed/11018148
http://www.ncbi.nlm.nih.gov/pubmed/11018148
http://www.ncbi.nlm.nih.gov/pubmed/16597321
http://www.ncbi.nlm.nih.gov/pubmed/16597321
http://www.ncbi.nlm.nih.gov/pubmed/16597321
http://www.ncbi.nlm.nih.gov/pubmed/16597321
http://www.ncbi.nlm.nih.gov/pubmed/11256747
http://www.ncbi.nlm.nih.gov/pubmed/11256747
http://www.ncbi.nlm.nih.gov/pubmed/11256747
http://www.ncbi.nlm.nih.gov/pubmed/7650477
http://www.ncbi.nlm.nih.gov/pubmed/7650477
http://www.ncbi.nlm.nih.gov/pubmed/7650477
http://www.ncbi.nlm.nih.gov/pubmed/7650477
http://www.ncbi.nlm.nih.gov/pubmed/18340647
http://www.ncbi.nlm.nih.gov/pubmed/18340647
http://www.ncbi.nlm.nih.gov/pubmed/18340647
http://www.ncbi.nlm.nih.gov/pubmed/18340647
http://www.ncbi.nlm.nih.gov/pubmed/10703607
http://www.ncbi.nlm.nih.gov/pubmed/10703607
http://www.ncbi.nlm.nih.gov/pubmed/12135431
http://www.ncbi.nlm.nih.gov/pubmed/12135431
http://www.ncbi.nlm.nih.gov/pubmed/12135431
http://www.ncbi.nlm.nih.gov/pubmed/12135431
http://www.ncbi.nlm.nih.gov/pubmed/19055603
http://www.ncbi.nlm.nih.gov/pubmed/19055603
http://www.ncbi.nlm.nih.gov/pubmed/19055603
http://www.ncbi.nlm.nih.gov/pubmed/19055603


29. Delgado JC, Baena A, Thim S, Goldfeld AE (2002) Ethnic-specific genetic
associations with pulmonary tuberculosis. J Infect Dis 186: 1463-1468.

30. Gao PS, Fujishima S, Mao XQ, Remus N, Kanda M, et al. (2000) Genetic
variants of NRAMP1 and active tuberculosis in Japanese populations.
International Tuberculosis Genetics Team. Clin Genet 58: 74-76.

31. Archer NS, Nassif NT, O'Brien BA (2015) Genetic variants of SLC11A1
are associated with both autoimmune and infectious diseases: systematic
review and meta-analysis. Genes Immun 16: 275-283.

32. First Nations Centre (2007) OCAP: Ownership, Control, Access and
Possession. First Nations Information Governance Committee, Assembly
of First Nations, National Aboriginal Health Organization, Ottawa,
Canada.

33. Liu W, Cao WC, Zhang CY, Tian L, Wu XM, et al. (2004) VDR and
NRAMP1 gene polymorphisms in susceptibility to pulmonary
tuberculosis among the Chinese Han population: a case-control study. Int
J Tuberc Lung Dis 8: 428-434.

34. Raymond M, Rousset F (1995) Genepop (version 1.2): Population
genetics software for exact tests and ecumenicism. J Hered 86: 248-249.

35. Larcombe LA, Orr PH, Lodge AM, Brown JS, Dembinski IJ, et al. (2008)
Functional gene polymorphisms in Canadian Aboriginal populations
with high rates of tuberculosis. J Infect Dis 198: 1175-1179.

36. Dubaniewicz A, Jamieson SE, Dubaniewicz-Wybieralska M, Fakiola M,
Nancy Miller E, et al. (2005) Association between SLC11A1 (formerly
NRAMP1) and the risk of sarcoidosis in Poland. Eur J Hum Genet 13:
829-834.

37. Merza M, Farnia P, Anoosheh S, Varahram M, Kazampour M, et al.
(2009) The NRAMPI, VDR and TNF-alpha gene polymorphisms in
Iranian tuberculosis patients: the study on host susceptibility. Braz J
Infect Dis 13: 252-256.

38. Singh A, Gaughan JP, Kashyap VK (2011) SLC11A1 and VDR gene
variants and susceptibility to tuberculosis and disease progression in East
India. Int J Tuberc Lung Dis 15: 1468-1474, i.

39. Sahiratmadja E, Wieringa FT, van Crevel R, de Visser AW, Adnan I, et al.
(2007) Iron deficiency and NRAMP1 polymorphisms (INT4, D543N and
3'UTR) do not contribute to severity of anaemia in tuberculosis in the
Indonesian population. Br J Nutr 98: 684-690.

40. Putera I, Pakasi TA, Syahmar I, Bramantyo AA, Karyadi E, et al. (2015)
Effectiveness of the Bacillus Calmette-Guerin vaccine in an Indonesian
population with D543N NRAMP1 polymorphism. J Infect Dev Ctries 9:
42-47.

41. Motsinger-Reif AA, Antas PR, Oki NO, Levy S, Holland SM, et al. (2010)
Polymorphisms in IL-1beta, vitamin D receptor Fok1, and Toll-like
receptor 2 are associated with extrapulmonary tuberculosis. BMC Med
Genet 11: 37.

42. Soborg C, Andersen AB, Madsen HO, Kok-Jensen A, Skinhøj P, et al.
(2002) Natural resistance-associated macrophage protein 1
polymorphisms are associated with microscopy-positive tuberculosis. J
Infect Dis 186: 517-521.

43. Asai S, Abe Y, Fujino T, Masukawa A, Arami S, et al. (2008) Association
of the slc11a1 gene polymorphisms with susceptibility to mycobacterium
infections in a japanese population. Infectious Diseases in Clinical
Practice 16: 230-234.

44. Ateay O, Dalyan L, Hatemi G, Hamuryudan V, Topal-Sarikaya A (2009)
Genetic susceptibility to Behçet's syndrome is associated with NRAMP1
(SLC11A1) polymorphism in Turkish patients. Rheumatol Int 29:
787-791.

45. Blackwell JM, Searle S, Mohamed H, White JK (2003) Divalent cation
transport and susceptibility to infectious and autoimmune disease:
continuation of the Ity/Lsh/Bcg/Nramp1/Slc11a1 gene story. Immunol
Lett 85: 197-203.

46. Shaw MA, Clayton D, Atkinson SE, Williams H, Miller N, et al. (1996)
Linkage of rheumatoid arthritis to the candidate gene NRAMP1 on 2q35.
J Med Genet 33: 672-677.

47. Searle S, Blackwell JM (1999) Evidence for a functional repeat
polymorphism in the promoter of the human NRAMP1 gene that
correlates with autoimmune versus infectious disease susceptibility. J Med
Genet 36: 295-299.

48. Zaah MG, Robson KJ, Warnich L, Kotze MJ (2004) Expression of the
SLC11A1 (NRAMP1) 5'-(GT)n repeat: opposite effect in the presence of
-237C-->T. Blood Cells Mol Dis 33: 45-50.

49. Awomoyi AA (2007) The human solute carrier family 11 member 1
protein (SLC11A1): linking infections, autoimmunity and cancer? FEMS
Immunol Med Microbiol 49: 324-329.

50. Li HT, Zhang TT, Zhou YQ, Huang QH, Huang J (2006) SLC11A1
(formerly NRAMP1) gene polymorphisms and tuberculosis
susceptibility: a meta-analysis. Int J Tuberc Lung Dis 10: 3-12.

51. Meisner SJ, Mucklow S, Warner G, Sow SO, Lienhardt C, et al. (2001)
Association of NRAMP1 polymorphism with leprosy type but not
susceptibility to leprosy per se in west Africans. Am J Trop Med Hyg 65:
733-735.

52. Visser ME, Grewal HM, Swart EC, Dhansay MA, Walzl G, et al. (2011)
The effect of vitamin A and zinc supplementation on treatment outcomes
in pulmonary tuberculosis: a randomized controlled trial. Am J Clin Nutr
93: 93-100.

53. Larcombe L, Rempel JD, Dembinski I, Tinckam K, Rigatto C, et al. (2005)
Differential cytokine genotype frequencies among Canadian Aboriginal
and Caucasian populations. Genes Immun 6: 140-144.

 

Citation: Larcombe LA, Mookherjee N, Lodge AM, Brown JS, Denechezhe L, et al. (2015) Frequency of NRAMP1 Gene Polymorphisms among
Canadian First Nations Peoples Experiencing Endemic Tuberculosis. Mycobact Dis 5: 193. doi:10.4172/2161-1068.1000193

Page 6 of 6

Mycobact Dis
ISSN:2161-1068 MDTL, an open access journal

Volume 5 • Issue 5 • 1000193

http://www.ncbi.nlm.nih.gov/pubmed/12404162
http://www.ncbi.nlm.nih.gov/pubmed/12404162
http://www.ncbi.nlm.nih.gov/pubmed/10945666
http://www.ncbi.nlm.nih.gov/pubmed/10945666
http://www.ncbi.nlm.nih.gov/pubmed/10945666
http://www.ncbi.nlm.nih.gov/pubmed/25856512
http://www.ncbi.nlm.nih.gov/pubmed/25856512
http://www.ncbi.nlm.nih.gov/pubmed/25856512
http://cahr.uvic.ca/nearbc/documents/2009/FNC-OCAP.pdf
http://cahr.uvic.ca/nearbc/documents/2009/FNC-OCAP.pdf
http://cahr.uvic.ca/nearbc/documents/2009/FNC-OCAP.pdf
http://cahr.uvic.ca/nearbc/documents/2009/FNC-OCAP.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15141734
http://www.ncbi.nlm.nih.gov/pubmed/15141734
http://www.ncbi.nlm.nih.gov/pubmed/15141734
http://www.ncbi.nlm.nih.gov/pubmed/15141734
http://jhered.oxfordjournals.org/content/86/3/248.full.pdf
http://jhered.oxfordjournals.org/content/86/3/248.full.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18713057
http://www.ncbi.nlm.nih.gov/pubmed/18713057
http://www.ncbi.nlm.nih.gov/pubmed/18713057
http://www.ncbi.nlm.nih.gov/pubmed/15702130
http://www.ncbi.nlm.nih.gov/pubmed/15702130
http://www.ncbi.nlm.nih.gov/pubmed/15702130
http://www.ncbi.nlm.nih.gov/pubmed/15702130
http://www.ncbi.nlm.nih.gov/pubmed/20231985
http://www.ncbi.nlm.nih.gov/pubmed/20231985
http://www.ncbi.nlm.nih.gov/pubmed/20231985
http://www.ncbi.nlm.nih.gov/pubmed/20231985
http://www.ncbi.nlm.nih.gov/pubmed/22008758
http://www.ncbi.nlm.nih.gov/pubmed/22008758
http://www.ncbi.nlm.nih.gov/pubmed/22008758
http://www.ncbi.nlm.nih.gov/pubmed/17466092
http://www.ncbi.nlm.nih.gov/pubmed/17466092
http://www.ncbi.nlm.nih.gov/pubmed/17466092
http://www.ncbi.nlm.nih.gov/pubmed/17466092
http://www.ncbi.nlm.nih.gov/pubmed/25596570
http://www.ncbi.nlm.nih.gov/pubmed/25596570
http://www.ncbi.nlm.nih.gov/pubmed/25596570
http://www.ncbi.nlm.nih.gov/pubmed/25596570
http://www.ncbi.nlm.nih.gov/pubmed/20196868
http://www.ncbi.nlm.nih.gov/pubmed/20196868
http://www.ncbi.nlm.nih.gov/pubmed/20196868
http://www.ncbi.nlm.nih.gov/pubmed/20196868
http://www.ncbi.nlm.nih.gov/pubmed/12195379
http://www.ncbi.nlm.nih.gov/pubmed/12195379
http://www.ncbi.nlm.nih.gov/pubmed/12195379
http://www.ncbi.nlm.nih.gov/pubmed/12195379
http://journals.lww.com/infectdis/Fulltext/2008/07000/Association_of_the_SLC11A1_Gene_Polymorphisms_With.7.aspx
http://journals.lww.com/infectdis/Fulltext/2008/07000/Association_of_the_SLC11A1_Gene_Polymorphisms_With.7.aspx
http://journals.lww.com/infectdis/Fulltext/2008/07000/Association_of_the_SLC11A1_Gene_Polymorphisms_With.7.aspx
http://journals.lww.com/infectdis/Fulltext/2008/07000/Association_of_the_SLC11A1_Gene_Polymorphisms_With.7.aspx
http://www.ncbi.nlm.nih.gov/pubmed/18998137
http://www.ncbi.nlm.nih.gov/pubmed/18998137
http://www.ncbi.nlm.nih.gov/pubmed/18998137
http://www.ncbi.nlm.nih.gov/pubmed/18998137
http://www.ncbi.nlm.nih.gov/pubmed/12527228
http://www.ncbi.nlm.nih.gov/pubmed/12527228
http://www.ncbi.nlm.nih.gov/pubmed/12527228
http://www.ncbi.nlm.nih.gov/pubmed/12527228
http://www.ncbi.nlm.nih.gov/pubmed/8863160
http://www.ncbi.nlm.nih.gov/pubmed/8863160
http://www.ncbi.nlm.nih.gov/pubmed/8863160
http://www.ncbi.nlm.nih.gov/pubmed/10227396
http://www.ncbi.nlm.nih.gov/pubmed/10227396
http://www.ncbi.nlm.nih.gov/pubmed/10227396
http://www.ncbi.nlm.nih.gov/pubmed/10227396
http://www.ncbi.nlm.nih.gov/pubmed/15223010
http://www.ncbi.nlm.nih.gov/pubmed/15223010
http://www.ncbi.nlm.nih.gov/pubmed/15223010
http://www.ncbi.nlm.nih.gov/pubmed/17378896
http://www.ncbi.nlm.nih.gov/pubmed/17378896
http://www.ncbi.nlm.nih.gov/pubmed/17378896
http://www.ncbi.nlm.nih.gov/pubmed/16466030
http://www.ncbi.nlm.nih.gov/pubmed/16466030
http://www.ncbi.nlm.nih.gov/pubmed/16466030
http://www.ncbi.nlm.nih.gov/pubmed/11791966
http://www.ncbi.nlm.nih.gov/pubmed/11791966
http://www.ncbi.nlm.nih.gov/pubmed/11791966
http://www.ncbi.nlm.nih.gov/pubmed/11791966
http://www.ncbi.nlm.nih.gov/pubmed/21068353
http://www.ncbi.nlm.nih.gov/pubmed/21068353
http://www.ncbi.nlm.nih.gov/pubmed/21068353
http://www.ncbi.nlm.nih.gov/pubmed/21068353
http://www.ncbi.nlm.nih.gov/pubmed/15674369
http://www.ncbi.nlm.nih.gov/pubmed/15674369
http://www.ncbi.nlm.nih.gov/pubmed/15674369

	Contents
	Frequency of NRAMP1 Gene Polymorphisms among Canadian First Nations Peoples Experiencing Endemic Tuberculosis
	Abstract
	Keywords:
	Introduction
	Study design and research methodology

	Results
	Discussion
	Conclusions
	Acknowledgments
	References


