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ABSTRACT 

Genome scans have identified a region spanning 40 cM on the long arm of 

chromosome 12 as a susceptibility locus for inflammatory bowel disease (IBD). This 

locus contains several candidate genes for IBD, one of which is the gene for the 

natural resistance associated macrophage protein 2 (NRAMP2). This protein is a 

divalent cation transporter and is expressed in many cells and tissues. The putative 

role of this protein in innate immunity prompted us to investigate a possible 

relationship between NRAMP2 and inflammatory bowel disease. We assessed the 

frequency of three restriction fragment length polymorphisms (IVS2+11A/G, 

IVS4+44C/A, 1254T/C and IVS15Exl6-16C/G) in a group of 155 CD patients, 114 

UC patients, and 189 healthy controls. Linkage analysis was performed in a group of 

70 families with multiple members suffering from IBD. We searched for additional 

intra-genic markers and mutations by sequence analysis of the natural resistance 

associated macrophage 2 gene of 33 Crohn's disease patients, with a positive family 

history for IBD. We identified one novel restriction fragment length polymorphism 

in intron 15 of the gene. The frequency of the rare allele is: 0.08 in our control 

population. An increased frequency of this allele was found in CD patients, but this 

difference did not reach statistical significance. A weak association between Crohn's 

disease and homozygosity for the G allele of the IVS2+11A/G was found (OR=2.2 

CI=1.3-3.9, x2=8.4, p=0.013). Non-parametric linkage analysis and transmissions 

disequilibrium tests did not provide evidence for linkage of Nramp2 to IBD, UC or 

CD. Sequence analysis of the exons and the iron responsive element in a panel of 33 

Crohn's disease patients did not reveal any mutations in NRAMP2. Our association, 

linkage and sequence analysis in IBD shows that the putative genetic risk factor on 

chromosome 12 most likely is not NRAMP2. The weak association between the G/G 

genotype of IVS2+11A/G and CD may be due to linkage disequilibrium with a 

nearby disease-causing gene. 
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INTRODUCTION 

Research on the genetic background of inflammatory bowel disease has been boosted 

by large genome scans, using genetic markers maps that are now available for the 

entire human genome. A region spanning 40 cM on the long arm of chromosome 12 

has been identified as a susceptibility locus for both Crohn's disease and ulcerative 

colitis. (1, 2, Curran, this thesis) The next piece in the puzzle of the genetically 

complex background of IBD is the identification of the chromosome 12 gene that 

determines disease susceptibility. To date, four candidate genes are known to be 

located on the susceptibility locus of chromosome 12: interferon-y, integrin ß7, 

ERBB3 and the natural resistance associated macrophage protein-2 (3, 4), but their 

role in the pathogenesis remains to be examined. Here, we report on the relationship 

between the gene for natural resistance associated macrophage protein-2 (NRAMP2) 

and IBD. 
NRAMP2 is structurally related to the natural resistance associated 

macrophage protein-1. Both proteins are membrane associated and transport divalent 

cations (5). NRAMP1 was first identified in mice as the gene responsible for 

resistance against intracellular pathogens such as mycobacteria (Beg gene). (6) 

NRAMP1 is specifically expressed in phagocytes, which express the protein within 

the endosomes and lysosomes (7, 8). Dysfunction of NRAMP1 in mice leads to 

ineffective lysosomal activity and defective innate immunity towards intracellular 

pathogens. (9-12) An association between NRAMP1 and susceptibility towards 

tuberculosis has been found in humans (13). Since intracellular micro-organisms 

have repeatedly been implicated in the pathogenesis of Crohn's disease (CD) we 

studied genetic markers in NRAMP1 in a group of CD patients and controls but we 

did not find any association (Slokkers Int. J Colored. Dis. 1999). Unlike NRAMP1, 

its family member NRAMP2 is supposed to be ubiquitously expressed. NRAMP2 

mediates the Fe2^ uptake in enterocytes and mice suffering from microcytic anaemia 

were shown to have a defect in this gene. (14-16) However, other divalent cations are 

also transported by NRAMP2 (5) NRAMP2 may therefore be involved in many 

processes, varying from innate immunity to signal transduction and its pleiotropic 

actions in relation to innate immunity render it a candidate gene for immune 

diseases. 
In the present study we investigated the gene in relation with IBD using three 

approaches. First approach was an association study in which the frequency of 

several genetic markers were established in IBD patients and controls. Second, a 

linkage analysis was carried out in a panel of 70 multiply affected families. Thirdly, 
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in a panel of 33 probands from the families suffering from CD, we sequenced the 

exons and the iron responsive element of NRAMP2. 

MATERIAL AND METHODS 

Patients and families 

Patients were ascertained through the register of the outpatients IBD clinic of the 

Academic Medical Center and through an advertisement in the newsletter of the 

Dutch Crohn's and Ulcerative Colitis Foundation. Through these probands, we 

collected families with one or more members suffering from IBD. All family 

members were interviewed in person or by a survey to obtain information on 

diagnosis, family and medical history. Blood samples for DNA isolations were 

obtained from 439 individuals of 69 IBD affected families. This family collection 

contained 13 kindreds with more than two affected members. Twenty five families 

suffered from UC only, 29 from CD only, and 15 were "mixed" 

UC/CD/indeterminate. These families yielded 43 sib pairs, (16 UC affected, 16 CD 

affected and 11 mixed pairs), 26 parent-child pairs (10 UC affected, 13 CD affected, 

3 mixed pairs) and 34 distant relative pairs (9 UC affected, 17 CD affected and 18 

mixed pairs). For the sequence analysis the 29 probands of the CD only families and 

4 CD affected probands from the mixed pedigrees were selected. 

For the association study blood samples were obtained from 189 healthy 

individuals recruited among the employees of our hospital, from 114 ulcerative colitis 

(UC) patients and from 155 Crohn's disease patients (CD). The UC patients (62 female) 

had a median age of 36.3 years, with a median age of disease onset of 28.3 years and 

median disease duration of 8.8 years. The CD patients (95 female) had a median age of 

38.6 years, a median age of disease onset of 27.0 years, and a median disease duration 

of 10.6 years. 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. (17) The DNA was resuspended in TE-buffer 

pH 8 and the samples were stored at 4 °C. 
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Genotyping 

Genotyping was done by polymerase chain reaction amplification, and overnight 

digestion with the specific endonucleases followed by gel electrophoresis. The specific 

conditions per marker were: 

IVS2+11A/G: Amplification with sense primer 5'-CAA-TTT-GGT-TTT-GAA-GTC-

TTG-CC-3' and anti-sense primer 5'-ATT-TAC-AGC-CTA-AGT-CAC-CAG-3', 

followed by digestion with the endonuclease Acil. The product length is 460 bp, which 

corresponds to the length of the A allele. The G allele consists of a fragment of 3 15 bp 

and 145 bp. 

IVS4+44C/A: Amplification with sense primer 5'-GAC-ACA-TGC-AAT-ATC-TGA-

CA-TTG-3' and anti-sense primer 5'-AGG-CTA-CTA-TCC-AAC-ATG-CAG-3' 

followed by digestion with the endonuclease Mnll. The product length is 352 bp and 

contains three Mnll sites, yielding four fragments of 183 bp, 100 bp, 35 bp and 34 bp 

when allele C is present. In presence of allele A three fragments of 217 bp, 100 bp and 

35 bp result. (18) 

1254T/C. Amplification with sense primer 5' CTT-TGC-CCG-AGT-GGT-TCT-GAC-

TCG-CTC-GAT-3'and anti-sense primer 5' TTC-CTC-TCA-ATA-TCC-CCC-3'. The G 

that is underlined in the sense primer inserts a Mbol restriction site when the C allele is 

present. The product length is 227 bp when the T allele is present and 198 bp and 29 bp 

when the C allele is present. 

IVS15ExI6-16C/G: Amplification with sense primer 5-GTG-CTG-TGT-GAG-CAG-

TCA-TGG-3' and anti-sense primer 5'-CTG-GCT-CTG-ATG-GCT-ACC-TGC-3' 

followed by digestion with the endonuclease Nla3. The product length is 215 bp, and 

digestion results in fragments of 130 bp, 40 bp 30 bp and 15 bp when the C allele is 

present and 130 bp, 70 bp and 15 bp when the G allele is present. 

Sequence analysis 

The exons and the iron responsive element of NRAMP2 of 33 probands with CD from 

the family panel were sequenced following standard procedures Briefly, regions of 

interest were amplified with specific primers (primer sequences are available upon 

request). Next, the PCR products were purified using the Qiaquick PCR purification 

system (Qiagen). Sequence reactions were performed using the Big Dye Terminator 

Cycle Sequencing Kit (Applied Biosystems/Perkin Elmer, Foster City, USA) using the 

primers that were used for the initial PCR amplification. After electrophoresis on a 

sequencing gel the samples were analysed on an ABI Prism 377 DNA sequencer. 

Analysis of the sequence data was done by means of Auto Assembler software (Applied 

Biosystems/Perkin Elmer, Foster City, USA) 
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Statistical analysis 

Association studies: The results of the association study are presented as genotypes, 

allele frequencies and allele carrier rates for each polymorphism Chi-square (%2) 

tests for statistical significance were performed on genotype and estimated haplotype 

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

program, which uses a Monte Carlo approach. (19) 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. This means that the significance levels assigned are 

unbiased (the accuracy being dependent on the number of simulations performed) 

and that no special account needs to be taken of continuity corrections or small 

expected values. We used the T4 statistic of the CLUMP program performing 10000 

simulations. 

Estimations of the haplotype frequencies were done by means of the program 

Arlequin versionl.l (20). This program estimates the maximum-likelihood (ML) 

haplotype frequencies from the observed data using an Expectation-Maximisation 

(EM) algorithm for multilocus genotypic data when the gametic phase is not known. 

The final haplotype estimations that result from this procedure were checked by 

repeating the computations from several different starting points (initial haplotype 

frequencies). No gross differences between the different runs were observed. The 

settings that were used for the estimation presented in this paper were an epsilon-

value of 1.10" , initial random conditions for EM of 500 and a maximum of 10' 

iterations. The standard deviations of the haplotype frequencies were estimated by a 

parametric bootstrap procedure, generating random samples from the maximum 

likelihood haplotype frequencies. From the bootstrap replicates new haplotype 

estimates were generated by the EM algorithm, resulting in new maximum likelihood 

haplotype frequencies. Standard deviation of each haplotype frequency was 

calculated from these new haplotype frequencies. In order to keep the standard 

deviation computation conservative the initial number for bootstrap was set to 10. 

Linkage analysis: Statistical analysis of the family genotype data was carried out 

using the GENEFfUNTER computer program (21). This program performs 

multipoint non-parametric analysis (no specification of the mode of inheritance is 

required) of genetic marker data in complex disorders. This analysis is performed by 

comparing the estimated number of shared haplotypes between pairs of affected 

relatives with that which would be predicted by Mendelian segregation. The non-
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parametric linkage scores presented in this paper have been generated using the 

"score all" function, as it is more powerful than the "score pairs" function. 

Transmission disequilibrium test: The transmission disequilibrium test (TDT) is 

considered to combine the advantages of linkage and association studies. (22, 23) In 

the family panel we counted the number of times a parent transmitted a haplotype to 

an affected offspring and the number of times this haplotype was not transmitted. 

Under the hypothesis of no linkage, the expected number of allele transmissions and 

non-transmissions is equal. The resulting 2 x N table was tested by a Chi-square (/2) 

statistic 

RESULTS 

The genotype and allele frequencies for all the polymorphisms tested are depicted in 

table 1. The GG genotype of the IVS2+11A/G genotype was significantly more 

frequent in CD patients, when compared to controls. (OR=2.2 CI=1.3-3.9, x2=8.4, 

p=0.013) No other associations were detected. The difference between CD patients 

and controls was reflected in a higher G allele frequency, 46.6% in CD versus 40.2% 

in controls, but this difference was not statically significant. 

Maximum-likelihood haplotype frequency estimations yielded 12 haplotypes 

that are formed by the four polymorphisms. Three frequent haplotypes were noted 

(table 2, bold fonts), the haplotype A C T C, consisting of the frequent alleles of the 

polymorphisms and the haplotypes G C T C and G A C C. When compared to 

controls, a shift from the common A C T C to the G C T C haplotype was observed 

in CD, whereas in UC the common A C T C haplotype was more frequently noted 

(table 2). 

Neither linkage analysis nor the TDT did yield evidence for linkage of 

NRAMP2 to CD, UC or IBD (table 3). Highest NPL scores were obtained for families 

that featured only CD. The multipoint NPL scores for the different family groups (CD 

only, UC only, Mixed, and IBD total) are plotted in figure 1. 

Sequence analysis the exons of NRAMP2 in a panel of 33 CD probands resulted 

in the identification of a novel polymorphism (IVS15exl6-16C/G). This polymorphism 

is located in intron 15 16 bp upstream of exon 16 and the rare allele has a low frequency 

in the general population (0.08, table 1). Apart from the polymorphisms that were 

recently reported we did not find any other sequence variants. The iron responsive 

element that is located in intron 16 was also sequenced, but no mutations were detected. 
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Table 1 Genotype and allele frequencies of the marker in NRAMP2 

IVS2+11A/G 
Genotypes n (%) 

AA AG GG 
Alleles 

A 
n (%) 

G 

H (n=179) 61 (34.1) 92(51.4) 26(14.5) 214(59.8) 144 (40.2) 

CD (n=145) 50 (34.5) 55 (37.9) 40 (27,6)# 155(53.4) 135 (46.6) 

CU (n=107) 41 (38,3) 57(53.3) 9 (8,4) 139(65.0) 75 (35.0) 

1BD (n=287) 109(38.0) 122(42.5) 56(19.5) 340 (59.2) 234 (40.8) 

IVS4+44C/A CC CA AA C A 

H (n=171)) 95 (55.6) 61(35.7) 15 (8.8) 251 (73.4) 91 (26.6) 

CD(n=143) 86(60.1) 49 (34.3) 8 (5.6) 221 (77.3) 65 (22.7) 

CU(n=105) 70 (66.7) 32 (30.5) 3 (2.9) 172(81.9) 38(18.9) 

IBD (n=283) 175 (61.8) 95 (33.6) 13(4.5) 445 (78.6) 121 (21.4) 

1254T/C TT TC CC T C 

H (n=186) 126(67.7) 50 (26.9) 10(5.4) 302(81.2) 70(18.8) 

CD(n=148) 102(68.9) 42 (28.4) 4 (2.7) 246(83.1) 50(16.9) 

CU (n=109) 78(71.5) 29 (26,6) 2(1.8) 185 (84.9) 33 (15.1) 

IBD (n=292) 204 (69.9) 81 (27.7) 7 (2.4) 489 (83.7) 95 (16.3) 

IVS15Exl6-
16C/G 

CC CG GG C G 

H (n=177) 163 (92.1) 14(7,9) 340 (96.0) 14 (4.0) 

CD(n=143) 124(86,7) 19(13.3) 267 (87.8) 19(6.3) 

CU(n=112) 107 (95,5) 5 (4.5) 219(97.8) 5 (2.2) 

IBD (n=288) 260 (90.3) 28 (9.7) 548(95.1) 28 (4.9) 

# y.2=8.4 vs controls. p=0.013 
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Table 2 Maximum likelihood haplotype frequency estimations. The estimated haplotype frequencies 

(f) and the corresponding numbers (n) are listed for the different groups. 

Haplotype C CD uc IBD 

Locus n f(sd) n f(sd) n f(sd) n f(sd) 

1 2 3 4* 

A C T C 185 0,571 

(0,020) 

133 0,499 

(0,032) 

122 0,603 

(0,041) 

288 0,540 

(0,028) 

A C C C 4 0,013 

(0,006) 

4 0,016 

(0,006) 

1 0,007 

(0,004) 

6 0,011 

(0.006) 

A A T C 4 0,014 

(0,010) 

1 0,005 

(0,005) 

2 0,008 

(0,005) 

3 0,006 

(0.004) 

A A T G 1 0,004 

(0,004) 

0 1 0,003 

(0.005) 

2 0,004 

(0.004) 

A A C C 1 0,004 

(0,005) 

4 0,014 

(0.009) 

5 0,023 

(0,010) 

14 0,026 

(0.008) 

A A C G 0 1 0,004 

(0,006) 

0 1 0.001 

(0.003) 

G C T C 49 0,151 

(0,028) 

60 0,225 

(0,019) 

40 0,198 

(0,024) 

113 0,212 

(0,018) 

G C C C 0 7 0,028 

(0,007) 

3 0,014 

(0.008) 

10 0,019 

(0.006) 

G C T C 11 0,033 

(0,014) 

8 0,030 

(0,011) 

5 0,023 

(0.017) 

15 0,028 

(0.008) 

G C T G 12 0,036 

(0,009) 

17 0,064 

(0.021) 

3 0,017 

(0,010) 

23 0,044 

(0.009) 

G C C C 57 0,174 

(0,016) 

31 0,116 

(0,010) 

20 0,100 

(0,038) 

57 0,107 

(0,017) 

G C C G 0 0 1 0,005 

(0.003) 

1 0.002 

(0.003) 

X2 (p-value) 

disease vs controls 15.8 (0.004) 10.1(0.06) 13.3 (0.02) 

Locus 1 = IVS2+11A/G Locus 2 = IVS4+44C/A Locus 3 = 1254T/C Locus 4 = IVS15Exl6-16C/G 

DISCUSSION 

Our research on the relationship between NRAMP2 and IBD relied on three strategies 

First, we sequenced the gene, in particular the exons, to identify novel genetic markers 

and functional mutations. Second, we analysed the frequency of the genetic markers 

and their haplotypes in NRAMP2 in different populations: a panel of 189 controls and a 
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Figure 1 Multipoint NPL-score for the markers in NRAMP2. The NPL-score (y-axis) for the combined 

markers is plotted against a map starting 5cM before the first marker (IVS2+11A/G) in NRAMP2 and 

ending 5cM after die last marker (IVS15EX16-16C/G). 

1,5 
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0,5 

0 

-0,5 

NPL-score for the combined markers in 
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-5 -4 4 5 

CM 

CD 

UC 
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panel of 148 CD patients and 109 UC patients. Third, we performed a non-parametric 
linkage analysis using these markers in 69 families, with multiple affected members. 

We identified one novel polymorphism and confirmed the polymorphisms that 
were reported at the time that our analysis was in progress. The population study 
yielded a significant association between CD and NRAMP2, reflected in a higher 
frequency of the G/G genotype of IVS2+11C/G marker between the CD population 
and controls. However, linkage analysis did not support this association: the NPL-
score of 1.15 in the CD-only families did not reach statistical significance (p=0.09). 
Moreover, we did not find any functional mutation in the exons or the iron 
responsive element in NTIAMP2 of the 33 CD probands we sequenced. 

Table 3 Transmission disequilibrium test 

CD families UC families 

Haplotype Transmitted 

40 

Not transmitted 

39 

Transmitted Not transmitted 

A C T C 

Transmitted 

40 

Not transmitted 

39 49 42 

G C T C 21 25 13 19 

G C C C 14 15 12 15 

A C C C 4 0 0 2 

G C C G 7 7 6 3 

G A C C 2 1 

X2 (p-value) 4.1 (NS) 3.2 (NS) 
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The positive association between CD and the GG genotype of the IVS2+11C/G can be 

explained in three ways: First, NRAMP2 is not a genetic risk factor and the observed 

association is false positive. Association studies are prone to false positive results due to 

population admixture. The data from our linkage, TDT and sequence analysis are in 

concert with this explanation. Second, NRAMP2 is not the genetic risk factor and the 

positive association is due to linkage disequilibrium with the actual genetic risk factor 

on chromosome 12. This explanation could fit with the linkage results from the CD 

only families, which almost reached statistical significance. Obviously, the negative 

findings of the sequence analysis are in concert with this explanation. Third, the 

positive association is true and NRAMP2 is the genetic risk factor on chromosome 12. 

In this case, the failure to provide evidence for linkage could be explained by a lack of 

power and disease heterogeneity (the number of families from our panel, in which 

NRAMP2 is the genetic risk factor could be too small to detect linkage). Arguments 

against this explanation are the fact that we did not find one single disruptive mutation 

in the panel of 33 CD patients and the negative results of the TDT. Therefore, we 

favour the first two explanations and conclude that not NRAMP2 but another gene on 

chromosome 12 determines a risk factor for EBD. Several genes on this susceptibility 

locus, such as the gene for integrin b7, remain positional candidates and targets for 

future investigations. 
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