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Chapter 4 

ABSTRACT 

The human leukocyte antigen class II molecules play a central role in the cellular 

immune response. Because allelic variants influence peptide binding and presentation, 

HLA class II molecules may determine genetic susceptibility to autoimmune diseases. 

Several studies have reported associations between HLA class II genes and 

inflammatory bowel disease (IBD), but many results remain inconclusive. To date, 

molecular typing of the HLA-DR genes offers a more reliable and specific method 

than the serological typing that was used in the past. The aim of our study was to 

determine HLA-DR frequencies in a group of Dutch IBD patients Sixty-nine 

Caucasian Crohn's disease (CD) patients, 70 ulcerative colitis (UC) patients, and a 

group of 420 kidney donors were included. Typing of the HLA-DRB1/B3/B4/B5 

genes was performed by means of polymerase chain reaction with sequence specific 

primers (PCR-SSP). Data on clinical characteristics were obtained from the medical 

database of the IBD outdoor patients clinic of our hospital. HLA-DR15/16 was 

significantly more prevalent in patients with ulcerative colitis as compared to controls. 

(42.9% vs. 29.7%, x2=48, OR 1.8, CI 1.1-3.0). In addition, HLA-DR103 was more 

frequently detected in ulcerative colitis patients when compared to controls. (4.3% vs. 

0.2%, x2 =12.1, p=0.01, OR=21.4, CI=1.9-183.0) No associations between HLA-DR 

phenotypes and CD were found. We confirm the earlier reported association of HLA-

DR15 and DR 103 with ulcerative colitis and do not find associations with Crohn's 

disease. 
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INTRODUCTION 

Genetic factors are strongly involved in the pathogenesis of inflammatory bowel 

disease (IBD). A positive family history is the strongest known risk factor for 

inflammatory bowel disease, with a relative risk of at least 10(1). Twin studies report 

higher disease concordance between monozygotic twins than dizygotic twins (2-3). 

Because a monogenic model cannot explain this genetic predisposition, it is now 

hypothesised that several genes determine disease susceptibility in combination with 

certain environmental factors (4-6). 

The HLA-genes, in particular the HLA-DR genes, have received most 

attention as candidates for a role in the pathogenesis of IBD. Located on the short 

arm of chromosome 6, these genes encode the HLA-DR complex that is expressed by 

antigen presenting cells (APC). This complex consists of an a-chain and a ß-chain 

that form a groove in which the antigenic peptide, a part of the antigen that is 

processes by the APC, is presented to the T-cell receptor. Thus, the T-cell is activated 

resulting in a specific, cellular immune response (7). Experimental and clinical studies 

show a prominent role for T-cells in the pathogenesis of IBD. In addition, differences 

in antigen presentation may result in abnormal production of regulatory cytokines, 

that is observed in inflammatory bowel disease (8). 

Serological typing of the HLA-DR phenotypes of IBD populations with 

various racial backgrounds has yielded multiple putative associations between HLA-

DR genes and either IBD or CD and UC alone (1). Because of differences in the 

ethnic background, methodological differences and disease heterogeneity, the data 

remained inconclusive. Molecular typing techniques using sequence specific primers 

has made HLA typing more reliable (9). 

Molecular typing of IBD patients has yielded associations between UC 

patients and HLA-DRB1*15 (10-12), HLA-DRB1* 0103 and HLA-DRB1*12 (13). 

For CD the data of HLA class II alleles are less consistent than for UC. Associations 

with the DR1 DQ5 haplotype (14) or DR1 alone (15), could not be confirmed by 

others (16) (17). One study reported a highly significant increase of the 

HLADRB3*0301 allele carriage rate in a group of 42 CD patients (18), while others 

reported an association with allele DRB1*07 (15-16). A few linkage studies have 

indicated that for Crohn's disease the HLA region has little or no share in the genetic 

predisposition (13, 19-21). One linkage study has shown that the HLA region might 

contain a disease susceptibility gene for ulcerative colitis (13), but this finding could 

not be confirmed by others (21). 
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To investigate the contribution of HLA-DR alleles in the Dutch Caucasian population 

to IBD, we determined the distribution in patients and controls. In addition, we 

analysed the data when taking potential associations with clinical disease 

characteristics into account. 

PATIENTS AND METHODS 

Patients 

Blood samples were obtained from 70 Caucasian ulcerative colitis (UC) patients and from 

69 Caucasian Crohn's disease (CD) patients. Eighteen patients with UC and 9 CD patients 

had concomitant PSC The UC patients (31 female) had a median age of 39.1 years, with a 

median age of disease onset of 29.9 years and median disease duration of 8.9 years. The 

CD patients (40 female) had a median age of 38.2 years, a median age of disease onset of 

25.3 years, and median disease duration of 8.5 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. 

Data on disease extent, localisation and surgical intervention were obtained from the 

medical database of the IBD outdoor patients clinic of our hospital. 

Controls 

Generic HLA-DRB typing of 420 unrelated Dutch cadaveric kidney donors was done at 

the Leiden University Medical Center (LUMC) and this group was used as a control 

population (22). The HLA-DRB3 subtyping of this same control group was available for 

the alleles DRB3*0101,*02 and *0301. 

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 (23). The DNA was resuspended in TE-buffer pH 8 

and the samples were stored at 4 °C 

HLA-DR typing: 

HLA-DRB1 and HLA-DRB3 PCR-SSP genotyping of the patients was carried out by 

means of commercially available DynaL HLA-DRB 1* "low resolution" and HLA-

DRB3* "low to medium" resolution SSP typing kit (Dynal* AS., Oslo, Norway), 

according to the manufacturers instructions at the Central Laboratory of the 
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Netherlands Red Cross Blood Transfusion Service (CLB), Amsterdam. Briefly, 100 

ng genomic DNA was amplified in a 10 u.1 PCR mixture containing 0.25 mM allele-

and group specific primers, 500mM KCL, 15 mM MgCl2, lOOmM Tris-HCl pH 8.3, 

0.01% gelatine, 10 mM of each of the four deoxiribonucleotide phosphates and 0.375 

units of Taq polymerase (U.S. Promega Corp., Madison, WI). DNA amplification 

consisted of 1 cycle for 2 minutes at 94°C followed by 10 cycles each for 10 seconds 

at 94°C, 60 seconds at 65°C and 20 cycles each for 10 seconds at 94°C, 50 seconds 

at 61°C and 30 seconds at 72°C. 

Statistics: 

The results are presented as phenotype frequencies. Chi-square and p-value's were 

calculated with aid of the CLUMP computer program, which uses a Monte Carlo 

approach (24). 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 method 

has the advantage that a Bonferroni correction is not necessary and is slightly more 

conservative than the conventional methods. Risk estimates were made from 2x2 

contingency tables and 95% confidence intervals were calculated for the different 

disease classifications in carriers of specific alleles (25). P-values were corrected for 

the number of alleles tested. The etiological fraction and preventive fraction, which 

estimate the relative contribution of a marker to the disease susceptibility or 

prevention, was calculated as described (26, 27). 

RESULTS 

HLA-DR phenotypes in relation with I BD 

Table 1 shows the HLA-DR phenotype frequencies in ulcerative colitis patients (UC) 

and the reference panel (HC). HLA-DR15/16 was significantly more frequent in 

patients with UC as compared to controls (42.9% vs. 29.7%, x2=48, OR 1.8, CI 1.1 -

3.0). This corresponds with an etiological fraction of 0.19 Furthermore, the rare 

allele DRB 1*0103 was found in three UC patients, which amounted to a frequency of 

4.3% versus a frequency of 0.2% in controls, (x2=12.1, p=0.01, OR=21.4, CI=1.9-

183.0, etiological fraction: 0.04). 

Table 2 shows the HLA-DR phenotype frequencies in Crohn's disease patients 

(CD) and the reference panel (HC). Between HLA-DR phenotypes and CD no 

associations were found. 
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Table 1 HLA-DR phcnotypc frequencies in ulcerative colitis (UC) patients and controls (HC) 

Phcnotypc frequency UC versus HC 

HLA UC HC OR (CI) x2 P value 

antigen n=70 N=420 

DRB1 

DR1 10(14.2) 94(22.3) 0.7(0.3-1.4) 

DR15/16 30 (42.9) 125(29.7) 1.8(1.1-3.0) 4.8 0.04 

DR3 14 (20.0) 82(19.1) 1.0(0.5-1.9) 

DR4 14(20.0) 110(26.2) 0.7(0.4-1.3) 

DR11 7(10.0) 86(20.5) 0.4(0.2-1.0) 4.2 0.04* 

DR12 1 (1.4) 26 (6.2) 0.2(0.0-1.6) 

DR13 20 (28.5) 118(28.4) 1.0(0.6-1.8) 

DR14 8(11.4) 27 (6.4) 1.9(0.8-4.3) 

DR7 13 (20.0) 86 (20.5) 0.9(0.5-1.7) 

DR8 5(7.1) 27 (6.4) 1.1 (0.4-3.0) 

DR9 2 (2.8) 9(2.1) 1.3 (0.3-6.4) 

DR10 1(14) 4(1.0) 1.5(0.2-13.7) 

DR103 3 (4.3) 1 (0.2) 21.4(1.9-183.0) 12.1 0.01 

DRB5/3/4 

DR51 30 (42.9) 125(29.7) 1.8(1.1-3.0) 4.8 0.04* 

DR52 38(54.3) 293 (69.8) 0.5 (0.3-0.9) 6.6 0.02* 

DR53 25(35.7) 185 (44.0) 0.7(0.4-1.2) 

*Not significant after correction for the number of alleles tested. 
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Table 2 HLA-DR phcnotype frequencies in Crohn's disease (CD) patients and controls (HC) 

Phcnotype frequency CD versus HC 

HLA CD HC OR (CI) x2 P value 

antigen n=69 N=420 

DRB1 

DR1 18(26.1) 94(22.3) 1.2(0.7-2.2) 

DR15/16 17 (24.6) 125 (29.7) 0.8(0.4-1.4) 

DR3 12(17.4) 82(19.1) 0.9(0.4-1.7) 

DR4 13 (18.8) 110(26.2) 0.6(0.3-1.2) 

DR11 9(13.0) 86(20.5) 0.6(0.3-1.2) 

DR12 1 (1.4) 26 (6.2) 0.2 (0.0-1.7) 

DR13 29 (42.0) 118(28.4) 1.8(1.1-3.1) 5.5 0.03* 

DR14 5 (7.2) 27 (6.4) 1.1 (0.4-3.1) 

DR7 19(27.5) 86 (20.5) 1.5 (0.8-2.6) 

DR8 5 (7.2) 27 (6.4) 1.1 (0.4-3.1) 

DR9 - 9(2.1) 

DR 1(1 3 (4.3) 4(1.0) 4.7(1.0-21.5) 

DR103 1 (1.4) 1 (0.2) 6.2 (0.4-99.7) 

DRB5/3/4 

DR51 17 (24.6) 125 (29.7) 0.8(0.4-1.4) 

DR52 45 (65.2) 293 (69.8) 0.8(0.5-1.4) 

DRS3 23 (33.3) 185 (44.0) 0.6(0.4-1.1) 

* Not significant after correction for the number of alleles tested. 
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The HLA-DliB3*0301 allele in relation with /BD: 

The DRB3*0301 allele is found only in individuals that carry the DR13 main antigen 

(28). We therefore typed DRJB3 locus for patients that were DR13 positive (Table 3). 

CD patients, the highest allele frequency was found, but this was not statistically 

different when compared to controls (17.4% in CD versus 12.4% in HC, OR=1.5, 

C1=0.7-2.9). 

Tabic 3: HLA-DRB3*0301 phenotypc 

frequency in IBD patients versus controls 

Phenotypc 
frequency 

DRB3*0301 

OR (CI) 

C n=420 52(12.4) -
CD n=69 12(17.4) 1.5 ((1.7-2.9) 

UC n=70 8(11.4) 0.9 (0.4-2.0) 

HLA-DR phenotypes in relation to 

clinical characteristics: 

Nineteen out of the 70 UC patients 

underwent surgical resection during the 

course of their disease. Eleven out of 

these 19 patients were HLA-DR15/16 

positive (OR=3.2, CI=1.3-8.3 x^b.l 

p=0.01). No other associations were 

found (table 4). 

For the population CD patients 

we did a subgroup analysis taking the 

disease localisation into account. Fourteen of the 69 CD patients had disease 

restricted to the colon. We could not detect a relationship of HLA-DR alleles with 

disease localisation (data not shown). Twenty CD patients had a positive history for 

fistulas and 35 patients had a positive record for stenoses. In the subgroup of patients 

with fistulas 50% was a carrier of HLA-DR13 (Table 5). 

DISCUSSION 

The present study confirms the association reported by others between UC and HLA-

DR15/16, which are the split antigens of DR2 (11, 12, 14, 29). Earlier studies 

reported high DR2 frequencies in Japanese patients. In this population allele 

DRB1*1502 seems to contribute most to this association (10, 30-33). In Caucasians, 

the data have not been as consistent as in the Japanese community. Studies from the 

UK (13) but also from Sweden (34) and the USA (18, 35) showed an equal or lower 

frequency of the HLA-DR15 phenotype. This is probably due to the genetic 

heterogeneity of the populations studied. Nonetheless, our data indicate that alleles of 

the DR15/16 main antigens may play a role in the susceptibility to UC among 

Caucasians as well. Considering the fact that only 1 UC patient carried the DR16 

phenotype, the association with DR15/16 is probably caused by DR15 alleles. So far, 
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Table 4 Surgical intervention in UC patients in relation to HLA-DR phenotypes 

HLA UC patients Controls Patients versui i Controls 

n= =70 n=42fl 

Surgical PF PF OR (CI) %2 P 
treatment value 

DR15/16 Yesn=19 11 (57.9) 3.2(1.3-8.3) 6.7 0.01 

No n=51 19(37.3) 125(29.7) 1.4(0.8-2.6) 

DR3 Yesn=19 3(15.8) 0.8 (0.2-2.7) 

Non=51 11 (21.6) 82(19.1) 1.1 (0.6-2.3) 

DRU Yesn=19 2 (10.5) 0.5(0.1-2.0) 

Non=51 5 (7.8) 86 (20.5) 0.3 (0.1-0.9) 4.7 0.04* 

DR52 Yes n=19 9 (47.4) 0.4(0.2-1.0) 

No n=51 29 (56.9) 293 (69.8) 0.6(0.3-1.0) 

DR103 Yesn=19 - -
No n=51 3 (5.9) 1 (0.2) 26.1 (2.7-256.8) 

* Not significant after correction for the number of alleles tested. 

Table 5 Clinical characteristics of CD patients in relation to HLA-DR phenotypes 

CD Patients Controls 

n=420 

Subgroup versus Controls 

Subgroup PF PF OR (CI) %2 P value 

DR3 

DR1 

DR7 

DR13 

Fistulas n=20 2 (10.0) 0.5 (0.1-2.0) 

Stenoses n=35 2 (5.7) 82(19.1) 0.2(0.0-1.1) 

Fistulas n=20 8 (40.0) 2.3 (0.9-5.8) 

Stenoses n=35 9 (25.7) 94(22.3) 1.2 (0.5-2.7) 

Fistulas n=20 5 (25.0) 1.3 (0.5-3.7) 

Stenoses n=35 10 (28.6) 86 (20.5) 1.6(0.7-3.4) 

Fistulas n=20 10 (50.0) 2.6(1.0-6.3) 

Stenoses n=35 14 (40.0) 118(28.4) 1.7(0.8-3.5) 

4.4 0.04* 

* Not significant after correction for the number of alleles tested. 

only one other study has studied the DR103 phenotype frequency in relation with 

(13), and we confirm the association of this rare allele with UC. 

HLA-DR4 was repeatedly found to confer protection to ulcerative colitis, ( 14, 

31, 32, 36) but we have not found this negative association. Furthermore, we cannot 
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confirm the positive association between ulcerative and HLA-DR6 (36) or HLA-

DR12Q3). 

Several groups have studied HLA-DR alleles in relation to clinical parameters. 

Thus, an association between disease severity and HLA-DR3, DR15 and DR103 was 

noted. (10, 12, 13, 29, 33) and patients that carried DR103 more often needed 

surgical intervention (29). Unlike disease extent, which is a clinical parameter that 

tends to fluctuate in time, surgical intervention can be used for defining disease 

severity. We do not confirm an association of UC susceptibility alleles with disease 

severity; the three DR 103 positive UC patients did not undergo surgical treatment, 

and did not find a significant association between this clinical parameter and the DR3 

phenotype. 

We cannot confirm the association of Crohn's disease with DRB3*0301. This 

finding has earlier been reported in a rather small group of patients and controls. 

Therefore it is possible that this association is due to a type 1 error. Moreover, we do 

not confirm reported associations between CD and HLA-DR1 and DR7 (14-16). 

A subgroup classification of CD has been proposed, based on the presence of 

fistulas and stenoses (37). Although it remains questionable whether this classification 

qualifies in the clinical setting, the presence of fistulas and stenoses can be used as a 

parameter for disease severity. DR3 was recently described as conferring disease 

resistance in a group of CD patients with peri-anal fistulas (38). In our study we did 

not find this association, but this may be due to the fact that, in contrast to the Bouma 

study, our study is retrospective and includes fewer patients with fistulas. 

A question concerns importance of the found associations with respect to the 

total genetic contribution to disease susceptibility. Therefore, we calculated the 

etiological and preventive fractions of these associations. The etiological fraction we 

find for DR15/16 is 0.19 and for DR103 is 0.04. In familial ulcerative colitis the 

contribution of the HLA region was estimated as large as 60% to 100% (13). 

Therefore, it is likely that other HLA alleles or other genes in the MHC contribute to 

the genetic predisposition of UC. 

There has been much debate on the contribution of the HLA region to disease 

susceptibility in Crohn's disease. Linkage studies on familial CD have yielded 

conflicting results, some finding evidence for linkage (39-41) while others could not 

confirm these findings (13, 19-21, 42). One linkage study estimated the contribution 

of the HLA region to disease susceptibility as being rather small (13) and the results 

of our analysis support this finding. 
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Concluding, there is accumulating evidence that susceptibility to ulcerative colitis is in 

part mediated by the HLA-DR15/16 and 103 alleles. For Crohn's disease the role of 

the HLA-DR genes remains uncertain and is probably small. 
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