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Inflammatory bowel disease and the genes for the 

natural resistance associated macrophage protein-1 

and the interferon-y receptor 1 
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ABSTRACT 

The genes for the interferon-y receptor-1 (IFNGR1) and the natural resistance-

associated macrophage protein-1 (NRAMP1) control the immune response towards 

intracellular microbial pathogens. Such pathogens, in particular Mycobacterium 

paratuberculosis, have been implicated in the pathogenesis of Crohn's disease. Our 

aim was to study markers in the genes for the natural resistance-associated 

macrophage protein-1 and two mutations in y-interferon receptor 1 in relation with 

inflammatory bowel disease. We assessed the allele frequencies of two restriction 

fragment length polymorphisms in the gene for the natural resistance associated 

macrophage protein-1 (NRAMP1) in a group of 270 healthy individuals, 74 patients 

with Crohn's disease, 72 patients with ulcerative colitis and 40 patients with primary 

sclerosing cholangitis. In addition we studied the prevalence of two mutations in the 

interferon-y receptor-1 gene. The markers in NRAMP-1 gene were not associated 

with inflammatory bowel disease. Also, the mutations in IFNGR1 were not found in 

the 186 IBD patients. Therefore neither NRAMP1 nor the mutations in the 

interferon-y receptor 1 are likely to play a important role in the pathogenesis of IBD. 
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INTRODUCTION 

The pathogenesis of chronic idiopathic inflammatory bowel disease (1BD) is thought 

to involve both genetic and microbial factors (1-3). In particular Crohn's disease may 

be triggered by intracellular pathogens in genetically predisposed individuals (4). 

However, the nature of the pathogen and the genes that are involved in the 

pathogenesis remain unknown. 

In this study we focus on two genes with a putative role in the pathogenesis 

of IBD: the natural resistance associated macrophage protein 1 gene and the gene for 

the interferon-y receptor 1. The natural resistance associated macrophage protein 1 

gene (NRAMP1) is a candidate gene, because it potentially would link microbial and 

genetic factors. NRAMP1 was first identified in mice as Ity/LshBcg, the gene 

controlling recessive susceptibility towards intra-cellular pathogens such as 

Salmonella typhimurium, Leishmania donvani and Mycobacterium bovis, and was 

renamed Nrampl (5, 6). The human homologue NRAMP1 has been sequenced and 

mapped to band q35 on chromosome 2 (7-9). 

Studies on Nrampl have indicated that it is expressed within late endosomes 

of macrophages (10). The structure of the protein is related to that of transmembrane 

ion transporters or ion gated channels (11). Functional studies have revealed that 

Nrampl regulates antimicrobial activity of macrophages (12, 14). Hence, NRAMP1 

may be involved in the resistance to intracellular pathogens and this effector of the 

innate immunity might be involved in the pathogenesis of Crohn's disease. 

Several polymorphisms in NRAMP1 have been described (15) (fig. 1). These 

markers can be used as a tool to study the gene in relation to disease. Recently, it was 

shown that polymorphisms in NRAMP1 are associated with susceptibility to 

tuberculosis in West Africans (16). 

The gene for the interferon-y receptor 1 (IFNGR1) is also a candidate gene 

for a role in the pathogenesis of IBD. Normal function of the gene is necessary for an 

adequate antimicrobial response. IFNGR1 encodes the a chain of this receptor and is 

located on the long arm of chromosome 6 (17). Together with a ß-chain, it forms the 

IFN receptor complex. The ct-chain is the ligand binding part of the complex and the 

ß-chain is involved in signal transduction upon binding of the ligand (18, 19). The 

IFN-y receptor a chain is constitutively expressed on the surface of almost all cells, 

whereas the expression of the ß-chain (IFN-ß receptor 2) is low, cell type specific 

and regulated by external stimuli (20-22). 
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Nvamp-1 and the interferon-y receptor 1 

Mice defective for the IFN-y receptor-1 gene suffer from severe mycobacterial 

infections (23-25) and recently, two mutations in the interferon-y receptor 1 were 

shown to determine genetic susceptibility to mycobacterial infection in humans (26-

27) (fig. 1). Children suffering from disseminated atypical mycobacterial infection 

were found to be homozygous for a mutation in 1FNGR1, which results in the 

absence of the interferon-y receptor and a lowered TNF- production by monocytes in 

response to interferon-y (28). 

We postulate that heterozygosity for the mutations might affect the immune 

response to intracellular organisms. We therefore studied the allele frequencies of 

two polymorphisms in the Nrampl gene in a population IBD patients and a healthy 

control group. Additionally, we screened 186 IBD patients for the presence of the 

mutations in IFNGR1. 

MATERIALS AND METHODS 

Patients 

Blood samples were obtained from 270 healthy individuals recruited among the hospital 

employees, from 75 ulcerative colitis (UC) patients, from 74 Crohn's disease (CD) 

patients and from 40 patients with primary sclerosing cholangitis (PSC). Twenty-seven 

patients with PSC had concomitant UC, and 10 CD. The UC patients (34 female) had a 

median age of 38.4 years, with a median age of disease onset of 28.9 years and a 

median disease duration of 9.1 years. The CD patients (55 female) had a median age of 

38.6 years, a median age of disease onset of 27.7 years, and a median disease duration 

of 10.9 years. The PSC patients (17 female) had a median age of 45.2 years (median 

age of onset and disease duration are not known for this group). For all the IBD patients 

the family history on IBD was negative. All patients were unrelated inhabitants of the 

Amsterdam area. The diagnosis of inflammatory bowel disease had been made prior to 

the study by conventional radiological, endoscopic and histological criteria. 

DNA isolation: 

White blood cells were isolated from 10 ml EDTA blood samples followed by 

SDS/proteinase-K digestion. DNA extraction was performed by means of phenol/high 

salt extraction and ethanol precipitation (29). The DNA was resuspended in TE-buffer 

(pH 8) and the samples were stored at 4 °C 
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Polymorphism screening 

We studied the polymorphisms 274C/T and 823C/T in respectively exon 3 and exon 

8 of NRAMP1. (fig lb) We used the polymerase reaction with specific primers and 

subsequent digestion with specific enzymes as described (15). All reactions were 

performed blinded with respect to patients characteristics. The results are given as 

genotype, allele and carrier frequencies, the latter being defined as the sum off 

individuals that carry at least one copy of the specific allele, divided by total number 

of individuals studied. 

Mutation screening 

The A to C substitution in at nucleotide 146 in exon 3 of 1FNGR1 was identified by 

means of the method described (26). The mutation at nucleotide 45 of exon 2 of the 

same gene was done by amplification with the primers: 5'-CCA ACT AAT GTT AC A 

ATT GAA TCC TAT AAC ATG GGC C-3', and 5'-CCA AGC CAC AAC ACA 

TGG GAA TTT CCA AGG-3'. Amplification was done on a Perkin Elmer 

thermocycler 9700, 30 seconds at 94°C, 40 seconds at 58°C and 40 seconds at 72°C, 30 

cycles. The forward primer is a mutant primer inserting an Apal restriction site in 

individuals without the mutation, but not in individuals with the mutation (fig. 2 A & 

B). 

Statistics 

The results are presented as genotype, allele and carrier frequencies for each 

polymorphism. Chi-square tests for statistical significance were performed on 

genotype frequencies. The significance was assessed with aid of the CLUMP 

computer program, which uses a Monte Carlo approach (30). The CLUMP program 

performs repeated simulations to generate tables having the same totals as the tested 

results, and counts the number of times that the found chi-square value is achieved 

by the randomly simulated data. We used the T4 statistic of the CLUMP program 

performing 10000 simulations. 

RESULTS & DISCUSSION 

We hypothesised that increased susceptibility towards intracellular pathogens is 

genetically determined by a number of immune modulatory genes. In this context we 

decided to study the relationship between Crohn's disease and the genes for 

NRAMP1 and 1FNGR1, which were shown to determine the inflammatory response 

to intracellular micro-organisms (5, 26). 
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The allele frequencies, the genotype frequencies and the carrier rates of the 

polymorphisms in NRAMP1 are listed in table 1 and 2. Allele frequencies of the 

823CT and 274CT RFLP's did not significantly differ between the groups tested. 

Interestingly, PSC patients were more often carriers of the infrequent allele of both 

RFLP's (17.9% in PSC versus 9.2%, in controls for 823CT (p=0.4) and 60.0% versus 

49.4% for 274CT (p=0.16) respectively), but this difference was not statistically 

significant. 

We screened 186 IBD patients for two mutations in IFNGR1. We did not find 

these mutations in any of the patients. Figure 2b shows an example of a PCR product 

that was digested with the specific enzyme, which indicates absence of the mutation 

inexon2ofIFNGRl . 

Thus, we did not find any association between the polymorphisms in 

NRAMP1 and IBD or CD alone, nor did we find heterozygosity for the mutations in 

the gene for the interferon-y receptor 1 in a group of 186 IBD patients. 

Table 1 & 2: Frequencies of genotypes, alleles and allele earners of the 832CT &247CT RFLP's in 

patients and healthy controls. 

823CT 

1/1 

Genotypes Alleles Ca r r i e r s 

1/1 'A 2/2 1 2 1 2 

HC 90.8% 7.6% 1.7% 94.5% 5.5% 98.3% 9.2% 

n=238 216 18 4 450 26 234 22 

CD 88.0% 12.0% 94.0% 6.0% 100% 12.0% 

n=75 66 9 141 9 75 9 

CU 88.0% 10.7% 1.3% 93 .3% 6.7% 98.7% 12.0% 

n=75 66 8 1 140 10 74 9 

PSC 82 .1% 17.9% 91.0% 9.0% 100% 17.9% 

n=39 32 7 71 7 39 7 

247CT Genotypes Alleles Ca r r i e r s 

1/1 '/2 2/2 1 2 1 2 

HC 50.6% 40.8% 8.6% 70.6% 29.0% 91 .3% 49.4% 

n=255 129 104 22 362 148 233 126 

CD 44 .5% 48.6% 6.8% 69.0% 31 .1% 93.2% 55.4% 

n=74 33 36 5 102 46 69 41 

CU 47 .3% 37.8% 14.9% 66.2% 33.8% 8 5 . 1 % 52.7% 

n=74 35 28 11 98 50 63 39 

PSC 40.0% 45.7% 14.3% 65.4% 34.6% 87.2% 56.4% 

n=39 17 17 5 51 27 34 22 
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For NRAMP1 this indicates that it is not likely to play an important role in the 

pathogenesis of IBD or Crohn's disease. However, the power of this study does not 

allow exclusion of NRAMP1 as a minor risk factor for IBD. Additional studies, with 

greater numbers of subjects could resolve this issue. 

Currently, strategies for susceptibility gene identification rely on genome 

scans followed by studies focussing on the genes that are found on the susceptibility 

loci identified by the scans; a positional candidate gene approach (31). The a priori 

chance of identifying a susceptibility gene by this approach is higher than by 

studying candidate genes that are not located on susceptibility loci. The 

chromosomal regions 2q35 and 6q, that harbour NRAMP1 and INFGR1 

respectively, have not been identified as susceptibility loci for IBD so far (32-34, 

Hampe, J. personal communication). 

Furthermore, the mutations we studied in the IFN-y gene cannot be used as a 

genetic marker, because the frequency of the mutation in the population is very low: 

we did not find a single mutation in 186 individuals tested. To date no genetic 

markers in this gene have been reported which hamper case control association 

studies of this gene. 

Figure 2: (A) Screening for the C-deletion in exon 2 of IFNGR1: a restriction site is created by a 
mutant pnmer in the PCR product of the normal gene. The primer inserts two Guanosine residues 
creating the Apal restriction sequence GGGCCC. In the case of a c-delclion no restriction site is 
created (GGGCC ) . (B) Gel electrophoresis of the PCR products after overnight digestion with Apal. 
Lane 1 contains the undigested PCR product, lane 2 contains the digested product and in the last lane 
a DNA ladder indicates the size of the products. 

A W I 
Exon2 IFNGRA2= acaattgaatcctataacatgaaccctataccgtaga 

Primer 

Mutant 
product= 

Normal 
product= 

5'-acaattgaatcctataacatgggcc 

acaattgaatcctataacatgggcc-tataccgtaga 

acaattqaatcctataacatqqqccctatacccrtaqa 

\ 
22 0 bp A p a 1 restriction 
2 01 bp site (gggccc) 

154 bp 
134 b p 
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Despite the negative results, the concept of genetic susceptibility to an infection with 

some intracellular pathogen remains an intriguing model for the pathogenesis of 

Crohn' s disease. Recently, several susceptibility loci for CD have been identified by 

means of non-parametric linkage studies in families with Crohn's disease. In addition 

a gene that is related to NRAMP1, the natural resistance macrophage protein-2, is 

located nearby the susceptibility locus on chromosome 12 (35). This provides a 

strong rationale for further association studies on this novel candidate gene in 

relation to inflammatory bowel disease. 
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