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Chapter 7 

ABSTRACT 

Inflammatory bowel disease (IBD) is a complex disorder of unknown etiology. 

Epidemiological investigations suggest a genetic basis for IBD. Recent genetic studies 

have identified several IBD linkages. Significance of these linkages will be determined 

by studies in large patient collections. The aim of this study was to replicate IBD 

linkages on chromsomes 12 and 16 in a large European cohort. 359 affected sibling-

pairs from 274 kindreds were genotyped using microsatellite markers spanning 

chromosomes 12 and 16. Affection status of the sibling pairs was defined as Crohn's 

disease or ulcerative colitis. Non-parametric statistical analyses demonstrated linkage 

for both chromosomes. Two-point results for chromosome 12 peaked at D12S303 

(LOD 2.15, p=0.003) for Crohn's disease and D12S75 (LOD 0.92, p=0.03) for 

ulcerative colitis. Multipoint analyses produced a peak LOD of 1.8 for Crohn's 

disease. Chromosome 16 demonstrated linkage for Crohn's disease at marker 

D16S415 (LOD 1.52, p=0.007). Multipoint support peaked above markers D16S409 

and D16S411 (LOD= 1.7). These data are consistent with linkage of IBD to 

chromosomes 12 and 16. The replication of genetic risk loci in a large independent 

family collection indicates important and common susceptibility genes in these regions 

and will facilitate identification of genes involved in IBD. 
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INTRODUCTION 

Inflammatory bowel disease (IBD) is a disorder of unknown etiology characterized by 

chronic relapsing inflammation of the gastrointestinal tract. On the basis of clinical and 

histopathological features, IBD is categorized into two subtypes, Crohn's disease 

(CD) and ulcerative colitis (UC). The phenotypic overlap between CD and UC, 

combined with a lack of clear biochemical markers, complicates differential diagnosis 

and clinical management of IBD. Elucidation of genetic factors involved in 

predisposition to IBD will facilitate our understanding of these disorders and provide 

for improved diagnosis and treatment 

Epidemiologic studies have consistently shown a familial clustering of IBD ( 1 -

3) as well as an increased concordance among monozygotic twins (4, 5). The 

underlying genetic basis of IBD is likely to be complex, suggesting that multiple 

molecular variants will combine to interact with multiple environmental factors, 

ultimately producing a spectrum of disease severity. 

Functional hypotheses for IBD have centered predominantly on the mucosal 

immune system and molecules that mediate cell-cell interactions and activation of 

lymphocytes. Many studies have attempted to implicate genes by showing association 

with IBD phenotypes. The human leukocyte antigens (HLA) have been studied 

extensively and have produced conflicting results. Several studies have demonstrated 

association with HLA class 1 (6-9) and II (10-12) genes while others have failed to 

detect a significant influence of the HLA genotype on IBD (13-17). Other factors 

implicated by association include: ICAM-1 (18), IL-1B and ILl-ra (19-20), TNT-A 

(21), natural resistance-associated macrophage protein gene (22), and intestinal 

mucin-2 (23). Thus far the analysis of functional candidate genes has not provided 

conclusive evidence for an etiologic role in IBD. Therefore, a systematic genome-

wide genetic approach was indicated. 

Genome-wide linkage analyses are beginning to provide insight into the 

genetic basis of IBD and are an important step towards isolating the molecular 

determinants of this disorder. Many putative linkages (24-25) have been reported 

suggesting significant heterogeneity of IBD. Hugot and colleagues (24) defined the 

first IBD linkage and localized a susceptibility locus to chromosome 16. This finding 

is supported by a study of North American families for CD, but not for UC (26). This 

observation is complicated, however, by results from analyses of European families 

which support chromosome 16 linkage to the UC phenotype (27). A second genome-

wide scan consisting of European sibling-pair families identified strong linkage to 
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several IBD loci on chromosomes 3, 7 and 12, but provided little support for the 

chromosome 16 locus. Genetic analyses of complex diseases have indicated the need 

to replicate primary linkage findings by analysis of large family collections (28, 29). In 

this study we conduct a replication study of IBD linkages to both chromosomes 12 

and 16 in a large cohort of families ascertained from Northern Europe. 

MATERIALS AND METHODS 

Patient Recruitment and Phenotyping 

Individual kindreds consisting of at least two siblings diagnosed with either Crohn's 

disease or ulcerative colitis were identified and collected in collaboration with IBD 

programs located at the following European institutions: King's College School of 

Medicine, Guy's Hospital and St. Mark's Hospital (London, UK), Charité University 

Hospital (Berlin, DE), AMC (Amsterdam), Tabea IBD Center (Hamburg, DE), Kalk 

Hospital (Cologne, DE) and other central European centers. Informed, written 

consent was obtained from all study participants. Collection protocols were subject to 

approval by institutional review committees at each participating center. Diagnosis of 

IBD and definition of Crohn's disease and ulcerative colitis phenotypes were 

determined by standard diagnostic criteria (30). The structure of the investigated 

family cohort is presented in table 1, with the number of affected sibling pairs (ASP) 

totaling 359. 

Table 1: Structure of the family cohort: affected sibling pairs are ordered according to sibship size 

and disease type (Mixed refers to UC-CD sibships) within the family. The number of sibships and 

affected sib pairs (ASP in brackets) is given in each category. 

Sibship size CD UC Mixed All 

2 119(119) 78 (78) 39(39) 236 (2.36) 

3 14(42) 12(36) 9(27) 35(105) 

4 1(6) 0 (0) 2(12) 3(18) 

Total 134(167) 90(114) 50 (78) 274 (359) 
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Genotyping 

Blood samples were obtained from all siblings and - when possible - from one or both 

parents. Genomic DNA was prepared using the Puregene system (Gentra Systems, 

Minneapolis, MN). A total of 30 highly polymorphic microsatellite markers, 20 

spanning chromosome 12 and 10 spanning chromosome 16 were genotyped using 

fluorescent methods as described (31). Briefly, individual DNA samples were arrayed 

in 96 well microtiter plates and subjected to PCR with individual marker amplicons. 

Marker sets were pooled post-PCR, denatured and electrophoresed on denaturing 

Polyacrylamide gels. Data collection utilized ABl 377 automated DNA sequencers 

and data analyses were performed with the Genescan 672 and Genotyper software 

programs. Allele analyses and individual allele calling were performed as described 

(31,32). 

Stalistical Analyses 

Two point and multipoint analyses were performed using the Mapmaker/SIBS 

program. (29) Probability values for all maximum LOD scores (MLS) were 

determined by simulation of the genotypes in the families, in which all allele 

frequencies, familial relationships, phenotypic data, and missing genotype patterns 

were preserved. Simulations were run 5,000 times for each MLS score. An additional 

program, TWOLOC (33), was used to conduct tests of interactions between the loci 

on chromosomes 12 and 16. 

RESULTS 

Maximum LOD score (MLS) curves for CD, UC and all IBD pairs for chromosome 

12 are shown in Figure 1A. Although the magnitude of MLS varies among disease 

categories, the linkage region is defined by the same markers for Crohn's and all-

pairs, D12S85 and D12S346, in a 47cM region. MLS curves for both Crohn's and all-

pairs had a similar pattern. The UC disease category had a somewhat similar shape, 

but was associated with smaller LOD scores. The highest multipoint MLS was 1.82 

for Crohn's (D12S303-DI2S326) and 1.60 (D12S379-D12S88) for all-pairs. Two-

point analyses confirmed the presence of these peaks (Table 2). Two-point MLS was 

2.15 (p=.003) at D12S303 for Crohn's and 1.10 (p=.02) at D12S88 for all-pairs, with 

average allele sharing of 0.60 and 0.55, respectively. The apparent shoulder proximal 

to the linkage peak seemed to replicate between Crohn's and all-pairs, and was 

included in the 47cM region. 
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Figure 1: Multipoint MLS curves for chromosomes 12 (Panel A) and 16 (Panel B). Multipoint 

analyses were carried out using the MAPMAK.ER/SIBS program. Results for Crohn's disease 

(CD. thick solid line), ulcerative colitis (UC. thin solid line) and all-pairs (dashed line) are 

shown. Genetic distances between markers, estimated from the data set, arc shown in Table 2. 

Marker allele frequencies were calculated from the full sample. Average heterozygosity was 0.77 

for chromosome 12 (range: 0.52-0.92), and 0.76 for chromosome 16 (range: 0.65-0.84). 
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Table 2 Maximum LOD Scores (MLS) and empirical p-values (in brackets) from analyses of 

ulcerative colitis sib pairs. Crohn's disease, and all-pairs combined on chromosomes 12 and 16. 

UC CD All 

Marker Distance Average MLS (P)" Average MLS (P)1' Average MLS (P)b 

(Alf sharing sharing sharing 

D12S99 6.1 0.51 0.00 (.54) 0.50 0.00 (.58) 0.50 0.00 (.57) 

D12S336 13.9 0.53 0.12 (.28) 0.50 0.00 (.56) 0.50 0,00 (.40) 

D12S310 14.5 0.50 0.00 (.56) 0.53 0.14(25) 0.50 0.00 (.54) 

D12S345 5.2 0.55 0.65 (.07) 0.51 0.02 (.45) 0.51 0.05 (.39) 

D12S85 3.8 0.56 0.32 (.14) 0.50 0.00 (.56) 0.50 0.00 (.56) 

D12S368 0.7 0.53 0.16 (.25) 0.56 1.00 (.02) 0.53 0.40 (.11) 

D12390 4.9 0.57 0.76 (.04) 0.54 0.40 (.12) 0.52 0.27 (.17) 

D12S83 5.8 0.52 0.07 (.35) 0 55 0.74 (.05) 0.53 0.42 ( 10) 

D12S75 8.1 0.58 0.73 (.04) 0.56 0.44 (.10) 0.55 0.87 (.03) 

D12S303 6.4 0.60 0.92 (.03) 0.60 2.15 (.003) 0.55 0.98 (.02) 

D12S326 4.0 0.53 0.10 (.30) 0.57 1.30(007) 053 0.45 (.10) 

D12S379 1.3 0.54 0.18 (.33) 0.57 0.81 (035) 0.54 0.54 (.09) 

D12S88 3.0 0.57 0.64 (.55) 0.55 0.54 (.08) 0.55 1.10 (.02) 

D12S351 2.4 0.54 0.22 (.20) 0.55 0.54 (.08) 0.53 0.33 (.13) 

D12S95 6.8 0.50 0.00 (.53) 0.55 0.46 (.11) 0.51 0.05 (.37) 

D12S346 4.9 0.50 0.00 (.54) 0.50 0.00 (.53) 0.51 0.05 (.37) 

D12S78 12.3 0.55 0.46 (.11) 0.50 0.00 (.58) 0.50 0.01 (.51) 

D12S79 4.2 0.50 0.00 (.53) 0.53 0.13(29) 0.51 0.11 (.31) 

D12S86 11.3 0.52 0.11 (.30) 0.51 0.04 (.41) 0.53 0.45 (.11) 

D12S324 0.54 0.15(25) 0.51 0.02 (.44) 0.53 0.24(.I7) 

D16S405 15.3 0.56 0.56 (.08) 0.53 0.17 (.45) 0.53 0.41 (.11) 

D16S401 9.4 0.53 0.14 (.26) 0.51 0.03 (.41) 0.52 0.14 (.24) 

D16S4Ü9 0.9 0.52 0.04 (.42) 0.59 1,40 (.006) 0.55 0.87 (.042) 

D16S411 6.0 0.53 0 08 (.32) 0.58 1.33 (.01) 0.56 1.25 (.01) 

D16S415 5.7 0.56 0.65 (.07) 0.58 1.33 (.01) 0.56 1.60 (.003) 

D16S4Ü8) 8.5 0.50 0.00 (.55) 0.56 0.46 (.12 0.53 0.30 (.15) 

D16S503 8.0 0.55 0.29 (.17) 0.55 0.72 (.055) 0.54 0 79(03) 

D16S515 4.7 0.56 0.38 (.13) 0.50 0.00 (.43) 0.50 0.00 (.57) 

D16S516 23.6 0.58 0.84 (.04) 0.57 1.17(.018) 0.55 1.10 (.02) 

D16S520 0.54 0.33 (.16) 0.50 0.00 (.58) 0.51 0.05 (.37) 

Ä Marker distances were calculated from the families analyzed using the program CRIMAP (35) 

B Probability values for all maximum LOD scores (MLS) were determined by Monte Carlo simulation of the genotypes in 

the families under analysis, in which all allele frequencies, familial relationships, phenotypic data, and missing genotype patterns 

were preserved. Probability values shown thus represent the proportion of times that MLS values greater than or equal to the 

observed statistic were observed in the simulations. The simulations were conducted 5.000 times for each MLS score Complete 

genotype data for the markers on chromosome 12 were available for 1 14. 167. and 359 affected sibling pairs tor l.'C. Crohns 

disease, and all families combined, respectively. Complete genotype data for the markers on chromosome 16 were available tor 1 14. 

166. and 358 affected sibling pairs for UC. Crohn's disease, and all families combined, respectively. 
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MLS curves for Crohn's and all-pairs were similar for chromosome 16, with two 

apparent peaks at D16S409-DI6S411 and at D16S503 (figure IB). The UC category 

again showed a different, and mostly nonsignificant, LOD curve pattern. The highest 

multipoint MLS was observed for Crohn's (1.71) over DI6S409 and D16S41 1. The 

two-point LOD scores were 1.52 (p=007) and 1.4 (p=.006) for D16S411 and 

D16S409, respectively. Average allele sharing was 0.58 and 0.59, respectively. The 

second peak carried a multipoint MLS of approximately 1.4 and 1.3 for all-pairs and 

Crohn's, respectively. Two-point scores were marginally significant for either disease 

category (table 2). 

Two loci, D12S303 and D16S411, closest to the peak on each chromosome, 

were chosen to investigate possible epistatic interactions using the TWOLOC 

program. (33) Two-point MLS results from TWOLOC were similar to the results 

obtained from single point MAPMAKER/SIBS (2.29 for D12S303 and 1.59 for 

D16S41 1). Two different models were then tested: 1) a general model in which both 

additive effects and epistatic interaction were allowed and 2) an additive model with 

additive effects but no epistatic interactions. MLS values for the two models were 

3.93 and 3.90, respectively. This indicates no significant evidence for epistatic 

interaction between the two loci suggesting that their effects may be additive. 

DISCUSSION 

Genome-wide linkage analyses have implicated multiple candidate regions for IBD. 

(24, 25) The strongest evidence for linkage in the initial studies was provided for the 

susceptibility regions on chromosomes 12 and 16. To evaluate the importance of 

these linkages in IBD, it is important to replicate these findings in a large independent 

sample. In this study, we demonstrate support for IBD susceptibility regions on both 

chromosome 12 and 16. Interestingly, these data show strongest support for both loci 

when analyzed for the CD phenotype and for all-pairs. This observation is consistent 

with conclusions from prior studies of chromosome 16. (26, 34) To investigate the 

genetic relationship of these susceptibility loci, we tested for epistatic interaction 

using the TWOLOC program. (33) Results from these analyses suggest that the loci 

on chromosome 12 and 16 influence the phenotype additively rather than epistatically. 

The relevance of different levels of statistical significance with regard to 

potential genetic differences between the CD and UC phenotypes is unclear. 

Interpretation of these data is confounded by the difficult clinical overlap between CD 

and UC (30), and the small number of UC pairs as compared to CD pairs available for 
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analysis. Intriguingly, while the two-point results for UC pairs alone are not 

significant, the underlying multipoint curves are similar in shape to the CD and all-

pairs curves. It is possible, therefore, that chromosomes 12 and 16 harbor genetic 

variants that are important for both CD and UC. This hypothesis is supported by a 

recent study of extended UC families which demonstrated support for a locus on 

chromosome 16 (27). This issue will not be resolved until the actual predisposing 

mutations are identified. 

In conclusion, these data support linkage to both chromosomes 12 and 16 in a large 

European family collection, suggest that these loci act in additive fashion, and provide 

important replication of linkage upon which efforts to identify IBD genes can build. 
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