Immunogenetics (2002) 53:835–842
DOI 10.1007/s00251-001-0411-y

O R I G I N A L PA P E R

Henning Frenzel · Jochen Hampe · Klaus Huse
Silvia M. Mascheretti · Peter J.P. Croucher
Nicholas J. Lynch · Reiner Siebert · Matthias Platzer
Stefan Schreiber

Mutation detection and physical mapping of the CD11 gene cluster
in association with inflammatory bowel disease
Received: 3 October 2001 / Accepted: 13 November 2001 / Published online: 22 January 2002
© Springer-Verlag 2002

Abstract A genetic component in the etiology of inflammatory bowel disease (IBD) has clearly been demonstrated by epidemiological and genetic linkage studies.
Linkage to IBD on proximal Chromosome (Chr) 16p is
well established and replicated. A stratification experiment showed that the recent identification of a disease
gene on the q arm does not interfere with the approach
on the p arm, and the linkage peak is still significant.
Here we present a candidate gene study of the alpha integrins (CD11A-D) on Chr 16. The alpha integrins play a
key role in inflammatory processes, including leukocyte
adhesion and migration. Their genes are located on the p
arm of Chr 16, and therefore represent excellent positional and functional candidates. Since the assignment of
the CD11 genes in the genome was not clear, we performed physical, radiation hybrid, and fluorescent in situ
hybridization mapping of the gene family. All CD11
genes map on Chr 16p11–12. CD11B–D are arranged in
a gene cluster within 300 kb and CD11A is located about
2.5 Mb telomeric. Thirteen new single nucleotide polymorphisms (SNPs) and eight SNPs from databases were
identified through full-length sequencing. Case-control
statistics demonstrated an association lead in the CD11
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gene cluster, which was not confirmed in further family
based association/linkage analyses using single markers
and haplotypes. It is unlikely that the CD11 genes play
an important role in the pathogenesis of IBD. The marginally significant results could indicate a disease gene
in the vicinity of the gene cluster.
Keywords Integrin · CD11 · Inflammatory bowel
disease · Polymorphism · Linkage disequilibrium
mapping

Introduction
Inflammatory bowel disease (IBD) is a chronic relapsing
disease of the gastrointestinal tract with two major
forms: Crohn’s disease (CD) and ulcerative colitis (UC)
(Hamilton 1987; Podolsky 1991). A genetic factor in the
etiology of IBD has clearly been shown by epidemiological and genetic linkage studies. There is consistent evidence for a clustering within families (Orholm et al.
1991) and an increased concordance of the IBD phenotype in monozygotic twins (Thompson et al. 1996; Tysk
et al. 1988).
Genome-wide linkage analyses have identified several susceptibility regions on different chromosomes. The
linkage region on Chromosome (Chr) 16 was detected
through a genome-wide linkage analysis in 1996 and
designated IBD1 (from inflammatory bowel disease 1)
(Hugot et al. 1996). This region has subsequently been
replicated in several independent populations (Annese et
al. 1999; Brant et al. 1998; Cavanaugh 2001; Curran et
al. 1998). The region extends over both sides of the centromere and has multiple peaks of linkage on both the p
and the q arm. The first disease gene predisposing to CD
has been identified on Chr 16q12 near the microsatellite
D16S3136 (Hampe et al. 2001a; Hugot et al. 2001;
Ogura et al. 2001a). A series of mutations in the NOD2
gene are highly associated with CD but not with UC. A
frame shift mutation through a C-insertion in exon 13
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conveys the strongest risk of developing CD. It leads to
the truncation of the NOD2 protein, which appears to be
associated with an altered activation of NFkB by NOD2
in response to lipopolysaccharide (Ogura et al. 2001a, b).
While mutations in the NOD2 gene can explain the genetic risk of developing CD in a subset of patients, other
genetic variations will be responsible for the remaining
population of patients with IBD.
Several studies (Annese et al. 1999; Brant et al. 1998;
Cho et al. 1998; Curran et al. 1998) have demonstrated
linkage of IBD to the proximal p arm of the chromosome, whereas NOD2 is located on the q arm. A formal
exclusion analysis demonstrated that the linkage peak
observed in this region is independent of a contribution
by the NOD2-positive patients (Hampe et al. 2001b).
Additional candidate gene studies in this area to detect
additional disease-associated genetic variations on 16p
are therefore warranted.
Integrins are heterodimeric integral membrane glycoproteins composed of one alpha and one beta chain in
non-covalent binding. The integrin alpha L (CD11A), integrin alpha M (CD11B), integrin alpha X (CD11C), and
integrin alpha D (CD11D) chains share a uniform integrin beta chain (CD18). CD11/CD18 is expressed on
blood leukocytes and is known for the key role in leukocyte adhesion to blood vessels and migration into inflamed tissue lesions (Kishimoto et al. 1989). There are
16 alpha and eight beta chains located on different chromosomes. The CD11 genes are located on the proximal p
arm of Chr 16p11.2 with neighboring positions of
CD11C and CD11D (Callen et al. 1998; Corbi et al.
1988; Noti et al. 2000; Shelley et al. 1998). Contrary to
these publications, the annotation information provided
by the Human Genome Project Working Draft, National
Center for Biotechnology Information (NCBI), Ensemble, and Celera databases have profound differences in
their physical maps, even in the chromosomal localization. Therefore the construction of a physical map was
needed prior to a genetic investigation.
While CD11 genes are excellent positional candidates,
there is also functional evidence to suggest their involvement in the pathophysiology of intestinal inflammation.
Increased expression of CD11 has been shown in colonic
and ileal tissue of patients with CD (Bernstein et al. 1998;
Malizia et al. 1991). Differential regulation is seen between patients with CD and UC (Vainer et al. 2000).
Signaling through CD11/CD18 influences cellular inflammation pathways involving MAPK and IL1-ß
(Rezzonico et al. 2000; Schmidt et al. 2001), JNK activation by TNF-alpha (Avdi et al. 2001) or NF-kappaB,
MIP-1alpha and MIP-1beta (Rezzonico et al. 2001). Most
of these inflammation pathways and molecules have been
suggested to be important in the pathophysiology of IBD.
In addition, compounds inhibiting members of the integrin-ICAM family appear to be promising therapeutic
candidates for CD (Gordon et al. 2001; Schreiber et al.
2001; Yacyshyn et al. 1998). Genetic variations in the integrin genes can have a large impact on the function of
the protein. Functional studies showed that single amino

acid changes can cause a restored inside-out function of
CD11A (Bleijs et al. 2001) and the deletion of the functional I domain can change the receptor function
(Leitinger and Hogg 2000). Therefore the full-length
screening of these genes for sequence variations and investigation for disease association is important.
In this study physical, radiation hybrid (RH), and fluorescent in situ hybridization (FISH) mapping data confirm the arrangement of CD11B, C, D in a gene cluster
on Chr 16p. By complete screening of the CD11A-D
genes, 13 new sequence variations and eight single nucleotide polymorphisms (SNPs) suggested by database
search were identified and evaluated as predisposing factors for IBD.

Materials and methods
Family ascertainment and phenotypes
The cohort was recruited in Germany at the Charité University
Hospital (Berlin, Germany) and the Department of Internal Medicine I, University Hospital, Kiel, Germany. All study participants
gave informed, written consent. The recruitment protocols were
approved prior to study initiation by the institutional review
boards. The diagnosis of IBD and the classification into CD and
UC were determined by standard diagnostic criteria (LennardJones 1989; Truelove and Pena 1976). Ascertainment criteria were
determined prior to the initiation of patient collection. Clinical, radiological, and endoscopic (type of lesions, distribution) examinations were performed to unequivocally confirm the diagnosis of
either UC or CD. Histological findings also had been confirmatory
or compatible with this diagnosis. In case of uncertainty, the diagnosis of indeterminate colitis was assigned and the patient excluded from the study. If possible, the patients were directly examined
by one or more of the principal investigators. Alternatively, two
written records containing a detailed disease history and results of
all diagnostic procedures were obtained for each patient and reviewed by the principal investigators. A venous blood sample was
obtained from the affected siblings and their parents, if possible.
Normal controls were recruited through the blood donor system at
the University Hospital in Kiel. An overview of the family cohort
is given in Table 1.
Mapping
RH mapping was performed using the Stanford G3 and TNG panels. Sequence tagged site-polymerase chain reactions (STS-PCRs)
to all integrins were performed in the panels. RH vectors were analyzed using the Stanford RH mapping server (at http://shgc.stanford.edu/) and by using the RADMAP extension of the MULTITable 1 Cohorts investigated: affected sibling pairs are ordered
according to sibship size and disease type [mixed refers to sibships with both ulcerative colitis (UC) and Crohn’s disease (CD)]
within the family. The number of sibships and affected sib pairs
(in parentheses) is given in each category
Sibship size

CD

UC

Mixed

Total

1 (trios)
2
3
Total
Controls

304
94 (94)
7 (21)
419
–

65
44 (44)
–
109
–

–
27 (27)
5 (15)
42

369
165 (165)
12 (36)
570
380
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Table 2 Single nucleotide
polymorphism (SNP) markers
identified in this study. Positions are given in the corresponding intron (i) or exon (e).
Allele frequencies are based on
healthy controls. The novel
SNPs have been submitted to
dbSNP

SNP

Position

Nucleotide/
amino acid

Allele
frequency

SNP-ID

Genotyped?

CD11A-i08
CD11A-i11–1
CD11A-i11–2
CD11A-i12
CD11A-i18
CD11A-e21–1
CD11A-e21–2
CD11A-i21
CD11A-i22
CD11B-e03
CD11B-e10
CD11B-e12
CD11B-e16
CD11B-e20–1
CD11B-e20–2
CD11B-e21
CD11B-e29
CD11B-e30
CD11C-e09
CD11C-e15
CD11C-I31

+132
+9
+54
+137
+927
+6
+61
+95
+360
+96
+20
+109
+106
+108
+136
+68
+87
+49
+44
+50
+75

C/T
T/G
G/A
C/T
G/A
G/C, Arg/Thr
C/T, synonymous
C/A
G/A
G/A, Arg/His
C/A, Ser/Arg
T/C, Met/Thr
C/T, synonymous
C/A, synonymous
G/A, synonymous
C/T, Ala/Val
C/T, synonymous
C/T, Pro/Ser
G/A, Ala/Thr
C/G, Pro/Arg
A/G

T=45.1%
G=0.5%
A=42.4%
T=8.3%
A=29.1%
C=27.8%
T=10.7%
A=2.5%
A=22.1%
A=11.9%
A=0.3%
C=16.3%
T=2.5%
A=2.5%
A=33.4%
T=17.5%
T=2.5%
T=17.3%
A=20.3%
G=31.6%
G=17.6%

New, ss4318992
New, ss4318993
New, ss4318994
New, ss4318995
New, ss4318996
New, ss4318997
New, ss4318998
New, ss4318999
New, ss4319000
Confirmed, rs1143679
New, ss4319001
Confirmed, rs1143680
Confirmed, rs1143681
New, ss4319002
Confirmed, rs1143682
Confirmed, rs1143683
Confirmed, rs1143677
Confirmed, rs1143678
New, ss4319003
New, ss4319004
Confirmed, rs2929

Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
No
Yes
Yes
No
Yes
Yes
Yes
Yes

MAP program. Marker order and the distance separating each
marker were defined using information derived from our pedigrees
using the automated mapping program MULTIMAP v. 2.0.
(Matise et al. 1994). The maps were confirmed by comparison
with published genetic maps (CHLC and GENETHON at
http://www.ncbi.nlm.nih.gov).
The physical map was built by PCR-based screening of CIT-B
(California Institute of Technology Human BAC library B:
CIT978SK) clone library. We used gene-specific primers based on
Genebank sequences (NM_000632, NM_000887, U37028). The
contig was verified by end sequence-specific PCR of identified
clones (AF449707/-12). All sequences were masked using
REPATMASKER
(http://repeatmasker.genome.washington.edu).
Additionally, BLAST searches against publicly available databases
(http://www.ncbi.nlm.nih.gov/BLAST/) was performed to identify
previously sequenced clones and genes. The orientation of the genes
and the fine mapping of markers were based on sequence data.
FISH mapping of clones CIT-B 178P10 and CIT-A 635H12
was performed with SpectrumOrange (SO, Vysis, Downers Grove,
USA) or SpectrumGreen (SG, Vysis) labeled BAC-DNA using
standard protocols (Schlegelberger et al. 1999).
Mutation detection
The CD11A gene was screened by genomic re-sequencing in 24
unrelated individuals with IBD, including all exons with their
flanking intron structure, based on a GenBank sequence (AC002310).
The CD11B-D genes were screened by cDNA sequencing (oligodT primed, reversed transcribed mRNA from Epstein-Barr virus
transformed B-lymphocyte cultures) in the same 24 unrelated individuals, based on GenBank sequences (NM_000632, NM_000887,
U37028). There were insufficient genomic sequences available for
genomic sequencing. Fluorescent sequencing of templates was
carried out using Big Dye Cycle Sequencing (PE Biosystems,
Foster City, Calif., USA) and products were analyzed on an ABI
PRISM 3700 automated DNA sequencer (PE Biosystems).
Genotyping
All SNPs were genotyped using the Taqman (PE Biosystems)
system. The primers we used are shown in Table 2. Previously
published SNPs (http://www.ncbi.nlm.nih.gov/SNP) were included in our study. Genomic DNA was prepared from whole blood

using the Puregene system (Gentra Systems, Minneapolis, Minn.,
USA). DNA samples were arrayed in 96- and 384-well microtiter
plates and subjected to Taqman-PCR. The products were directly
read in an ABI 7700 and ABI7900 (Applied Biosystems). The data were managed and checked for mendelian inheritance errors
through an integrated database system. (Hampe et al. 2001c).
Statistical analysis
Genetic analyses were conducted using the two standard diagnostic categories CD and UC, as described. The IBD category represents all affected individuals as a single phenotype for analysis.
Case-control analyses were performed using chi-squared and Fisher’s exact tests, with one affected individual picked at random
from multiplex families.
Family-based linkage and association analyses were calculated
using the TRANSMIT program (Clayton 1999; Clayton and Jones
1999) with the robust variance estimator option. Significance was
verified using 10,000 bootstrap samples.
Haplotype frequencies for pairs of SNPs were estimated using
EH (Terwilliger and Ott 1994). Linkage disequilibrium (LD) coefficients D′=D/Dmax between pairs of SNPs were obtained according to Devlin and Risch (1995).

Results
Map
The RH mapping experiments suggested a distance of
108 cR (G3 panel) between CD11A and CD11B-D, corresponding to 2.5 Mb. CD11B-D were located within
130 cR (TNG panel), corresponding to 516 kb. CD11A
was telomeric to CD11B-D.
The genomic structure was known for the CD11A
gene, which was located on a sequenced bacterial artificial chromosome (BAC) (CIT-A 635H12/AC002310).
The relative positions of CD11B-D were previously not
known. As the RH mapping suggested a cluster of the
CD11B-D genes within 500 kb, we built a physical map

838

Fig. 1 a Radiation hybrid map. G3 and TNG map of CD11 genes,
distances given in centirays. b Physical map. Genomic structure of
the CD11 gene cluster; arrows indicate the orientation of genes.
BAC clones are indicated by horizontal lines. CIT clones were
identified by PCR. RP11 clones were identified by BLAST;
* working draft sequence. 178P10-sp6 aligns with Cox6ah gene,
287H19-sp6 aligns with the putative intron 5 of CD11D. Orientation of ASC and FUS is unknown

Fig. 2 Chromosomal assignment of the CD11A gene and the
CD11B-D gene cluster by fluorescent in situ hybridization. Both
clones 635H12 (red fluorescence) and 178P10 (green fluorescence) containing the CD11A gene and the CD11B-D gene cluster,
respectively, show hybridization signals only in the short arms of
both Chromosomes 16

Table 3 The primers and probes of the TAQMAN assays genotyped in this study. Some assays are designed on the reverse strand
SNP

Primers

Probes

CD11A-i08

F: TCTCCTTGGTCTGAAAATGCTTT
R: TGCTGCTTCCTGCATCATATCT
F: AGAGCAGGCTATTTGGGTGAGT
R: GAGCCACCAGGACCAGCTAC
F: GTGGGCTCTTTGAGGTTCAGTT
R: GCAGCCCCTGTGCTAAACAT
F: GTATGTCCTTGCCCTGCTGAG
R: GCACAAATGGCAGTAGGCTGA
F: TTACTCAGGCTCAGCTCCACAGA
R: CCATCTTTCCCTGATCATCCC
F: CTTGCGGAAGGAGAGTCCC
R: TCTAACTGCTTTTGCCAGCCTC
F: GAGCTGTTTACCAGTGTATTAAACATCA
R: TTGGTTGCCTCATCTTTGCA
F: TGCCTGGAAAGTCCCTATGTG
R: CAGGAGATAGTGGCTGCCAAC
F: GGTGCCCTTGACATTAGCGT
R: ATCGGCCTGGTAGCGATGT
F: CTGTGAGAAATGATGGTGAGGACT
R: GTGAGCGCTGGTTCTGGAAG
F: CCTGGCCTGTGAGTCTGCCT
R: GGGGTGGTTTATGCTGCAGC
F: CAAGCGGCAATACAAGGACAT
R: CCGTCACCTACCCACACGC
F: TAGGCACCGATTGTTCCATG
R: TGTCGCCTTCTTTCTTCCCA
F: TTCTGCAGTGGAGAAGGTGGT
R: AAACAGGTAGACAGCACCCCG
F: TCCCCACTTACTTACCCTCACC
R: AAGCAGGCCCATCCCAG

G: AGGGAGTGGAGAGTGAGGAGCTGAAATCC
A: AGGGAGTGGAGAGTGAAGAGCTGAAATCC
A: TCAGATGGTCACTCAGCCTGGCTTCC
G: TCAGATGGTCGCTCAGCCTGGCTT
G: AGGGCTTACCTCTGTGTGTTATGAGGGATAAATGT
A: AGGGCTTACCTCTGTGTATTATGAGGGATAAATGTGA
C: AAGGAGAGCCGGAGGGGCAGG
T: TGAAGGAGAGCTGGAGGGGCAGG
C: TTAGACGCAGGGCTCTGGATCTGTGG
G: TTAGACGCAGGGCTGTGGATCTGTGG
G: AGTAAGCATCTTCTTCCAAGTTACTCAGGCTCAGC
A: AGTAAGCATCTTCTTCCAAATTACTCAGGCTCAGC
C: TGAGGAGCAGCCTCATGGCCC
T: CATGAGGAGCAGTCTCATGGCCCC
C: CCCTGCAGGCGGATGGGCT
T: CACCCTGCAGGTGGATGGGCTC
C: AGGCAGAACACTGGCACGTGGGAGT
T: AGGCAGAACACTGGCATGTGGGAGTC
G: CGGAGGGTGTCCACGCTCCAGGTA
A: CGGAAGGTGTCCACACTCCAGGTAGC
C: CGAAGTGTCTGGGGCCTTGAAGAGC
T: CCGAAGTGTCTGGGGTCTTGAAGAGCA
T: ATGAGTGAAGGGGGTTCCCCGG
C: ATGAGTGAAGGGGGTCCCCCG
A: CCGTAGGGATGCCACCAAAATTCTCT
G: CCGTAGGGATGCCGCCAAAATTC
C: AGGGCCACCCCTGGGGTCG
G: AGGGCCACCGCTGGGGTCG
G: CTGACGGGGAGGAACCACTGGAC
A: CTGACGGGGAAGAACCACTGGACC

CD11A-i11
CD11A-i12
CD11A-i18
CD11A-e21–1
CD11A-e21–2
CD11A-i22
CD11B-e03
CD11B-e12
CD11B-e20–2
CD11B-e21
CD11B-e30
CD11C-e09
CD11C-e15
CD11C-i31
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Table 4 Statistical analyses. In
the case-control statistic only
significant values are given; for
all other markers there was no
significant difference between
cases and controls. For marker
frequencies see Table 2. Single
marker and haplotype TRANSMIT analyses were not significant after bootstrap simulation;
* indicates marginally significant haplotypes (four-marker
window) before bootstrap in
CD patients

Marker

Case-control

Single

Haplotype

CD11A-i08
CD11A-i11
CD11A-i12
CD11A-i18
CD11A-e21–1
CD11A-e21–2
CD11A-i22
CD11B-e03
CD11B-e12

P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
Allele frequency (C):
16.3% (NC)
13.9% (CD), P>0.05
13.9% (UC), P >0.05
15.1% (IBD), P >0.05
P>0.05
P>0.05
P>0.05
p >0.05
Allele frequency (G):
31.6% (NC)
37.8% (CD), P=0.01
34.2% (UC), P>0.05
36.8% (IBD), P=0.02
P>0.05

P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05

P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05
P>0.05*
P>0.05*

P>0.05
P>0.05
P>0.05
P>0.05
P>0.05

P>0.05
P>0.05
P>0.05*
P>0.05
P>0.05

P>0.05

P>0.05

CD11B-e20–2
CD11B-e21
CD11B-e30
CD11C-e09
CD11C-e15

CD11C-i31

using BAC clones. In order to establish a genomic contig
carrying the CD11B-D genes, we screened a BAC library
with gene-specific PCR primers. We identified four
clones carrying the entire CD11 gene cluster, spanning a
region of approximately 300 kb. The contig was verified
with end-sequence and multiple gene-specific PCRs.
BLAST search in the NCBI database identified two more
clones and three other genes in that region. They were
confirmed by specific PCR.
The order of genes is CD11B, CD11C, and CD11D,
all in the same orientation. The COX6AH gene (U66875)
is downstream of CD11D in the same orientation. The
genes ASC (NM_013258) and FUS (NM_004960) are located on the clone RP11–388M20. along with the first
six exons of CD11B. An overview of the mapping results
is given in Fig. 1.
We confirmed the neighboring position of CD11C and
CD11D as described before (Noti et al. 2000; Shelley et
al. 1998) and also showed that the CD11B gene is adjacent to this cluster. FISH mapping of BAC clone CIT-B
178P10 and CIT-A 635H12 confirmed their assignment
to chromosome region 16p11–12 (Fig. 2). Double-color
FISH showed CIT-B 178P10 to be located centromerically of CIT-A 635H12 (data not shown).
Novel mutations in the CD11 genes
We screened a total of 14 kb of genomic sequence and
identified nine novel SNPs in the CD11A gene. We
screened a total 12 kb of cDNA and identified two
novel SNPs in the CD11B gene and confirmed the
published SNPs (rs1143677–1143683). Two novel SNPs
in the CD11C gene were identified and the known
SNP (rs2929) was confirmed. The published SNPs

Genotype frequency (TT/TC/CC):
71.3%/24.8%/3.9% (NC)
72.6%/28.9%/0.5% (CD), P=0.002
73.9%/24.2%/1.8% (UC), P >0.05
71.1%/27.6%/1.3% (IBD), P=0.03

Genotype frequency (CC/CG/GG):
45.1%/46.6%/8.3% (NC)
38.7%/47.0%/13.3% (CD), P=0.02
43.5%/44.0%/12.5% (UC), P >0.05
39.6%/47.1%/13.3% (IBD), P=0.04

(rs1574566–1574568) of the CD11C gene were not observed in our cohort or controls. According to our data,
these SNPs do not exist in the German population or the
published mRNA (NM_000887) is incorrect (ss4319005).
The correct sequence at position 684/685 is GC instead of
CG, and the correct amino acid at position 209 is Ser instead of Thr. We did not identify any new SNPs in the
CD11D gene by cDNA sequencing. The SNPs identified
in this study are listed in Table 2. SNPs inducing amino
acid changes or having a frequency >10% were chosen
for genotyping and analyses in our patient cohort.
Genetic analysis
A total of 177 multiplex families of German descent,
369 German trios (sporadic cases and their families),
and 380 German controls were analyzed. Primers and
probes used for genotyping by TaqMan are detailed in
Table 3.
Between the genotyped markers in the CD11 genes
the following LD values were observed. The exonic
markers of CD11B-D are in strong pairwise LD, |D′|>0.7.
The intronic marker is in weak LD with the exonic markers, |D′|<0.3. In the CD11A gene there are two LD
groups with |D′|>0.8 with a break between the markers
CD11A-i18 and CD11A-e21–1.
An exploratory case-control analysis with all genotyped markers identified a series of potential association
leads (Table 4). The SNP in exon 15 of CD11C demonstrated a significantly increased allele frequency of the
mutated allele and of the homozygote genotype in CD
patients, with 59 observed over 47 expected patients
(P value=0.02). The SNP in exon 20–2 of CD11B is in
strong LD, |D′|=0.93 and shows a non-significant trend
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in the same direction (P value=0.08). The SNP in exon
12 of CD11B shows a significantly decreased frequency
of the rare homozygote genotype in CD patients, with
two observed over eight expected patients (P value=
0.002). No effect was observed in allele frequency. No
significance was seen in the other markers.
In order to verify the observed significances in the
case-control statistics a single marker TDT was run. We
used TDT as implemented in the TRANSMIT program.
The family based linkage and association was negative
for all single markers.
In haplotype analyses we observed marginally significant results in the CD11B-D genes. These haplotypes
have a population frequency of 0.5–2% and show an increased transmission in CD patients. Under strong simulation conditions using the bootstrap option the significance dropped. There was no consistency between the
case-control statistic and the association/linkage analysis; the significant markers CD11C-e15 and CD11B-e12
show no effect in transmission.

Discussion
Genetic linkage to Chr 16 is well established and results
in multiple linkage peaks. Recent studies using positional cloning as well as candidate gene approaches in different populations led to the identification of the first IBD
disease gene on the q arm of Chr 16. Through formal exclusion of the contribution of NOD2 variant patients to
the linkage findings, an independent linkage peak on Chr
16p can be demonstrated (Hampe et al. 2001b). The
identification of NOD2 in the French population (Hugot
et al. 2001) cannot explain the entire linkage findings on
Chr 16 with mutations on the q arm. Therefore the alpha
integrins as excellent positional and functional candidates had to be evaluated.
In this study a physical map of all alpha integrins on
Chr 16p11.2 is shown. The genes CD11B-D are adjacent
in a cluster of approximately 300 kb. We confirm the
neighboring position CD11C and CD11D and found evidence that CD11B is part of the cluster, whereas CD11A
is located at a distance of 2.5 Mb towards the telomere.
The map shown in Fig. 1 describes the exact position
and genomic arrangement of these four genes, which is
correcting the human genome project working draft of
the international public consortium and the Celera assemblies. BLAST search identified two recently submitted working draft BAC clones (RP11–388M20,
RP11–452L6), which support the mapping results. Our
laboratory based results correct the automated annotation
of an ITGAD-like gene to the clone RP11–452L6. We
conclude that the ITGAD-like gene is identical to ITGAD
(CD11D) itself. The arrangement of CD11B-D in a gene
cluster and the positioning of CD11A away from that
cluster fit with a duplication model for integrin evolution. The clustered genes share a significantly higher homology with each other than with CD11a, 63% versus
35%. Therefore the hypothesis is that a primordial gene

for the leukocyte alpha integrin subunit duplicated and
gave rise to CD11A and a primordial cluster gene. Further duplication of the cluster gene gave rise to the
CD11B-D genes (Kishimoto et al. 1989).
In order to thoroughly investigate the role of genetic
variations for IBD all four genes were re-sequenced.
Full-length mutation detection on genomic DNA for
CD11A and on cDNA for CD11B-D was performed (1)
to give us a dense map of genetic variations for linkage
analyses covering the region of interest and (2) to detect
hypothetical disease-causing or population-specific mutations. We confirmed eight known and identified 13
new SNPs (Table 2). There was a difference in the number of exonic SNPs in the genes, with CD11B showing a
much higher number of SNPs than the other genes. No
SNPs are listed in the database for CD11D and we also
did not detect any sequence variations. The SNPs were
chosen for genotyping on the basis of information content (allele frequency >10%) and functional relevance
(causing amino acid changes). Because the two IBD subphenotypes (CD and UC) may be associated with different genetic determinants, separate and combined statistical analyses were carried out to determine whether different frequency of genotypes and excess transmission of
alleles or haplotypes of these markers could be detected.
Exploratory analyses with case-control statistics
yielded two leads. One was in the genotype and allele
frequency of the SNP in exon 15 of CD11C and one was
in the genotype frequency of the SNP in exon 12 of
CD11B. We felt that the polymorphism CD11C-e15 was
most meaningful, as a linked additional SNP (CD11Be20–2) showed a similar although not significant trend.
Confirmatory association/linkage analyses of these and
other single markers were negative. Sliding window haplotype analyses of all markers were calculated with
TRANSMIT. The initial analysis showed higher transmissions than expected for a few haplotypes with a low
population frequency. Under simulation conditions using
the bootstrap option of TRANSMIT the significance did
not hold. Therefore, these distortions of transmissions
have to be regarded as a statistical artifact or alternatively can be seen as week signals of a nearby relevant genetic variation.
Given these results it is unlikely that the alpha integrin sequence variations on 16p themselves have a major
influence on the development of IBD, although we cannot completely exclude false-negative results. It is possible that marginally significant results in case-control and
haplotype analyses could point to a disease-relevant variation in the vicinity of the CD11 gene cluster. Although
not relevant in the etiology of IBD, the CD11 genes appear to be important elements of disease pathophysiology and may be important therapeutic targets. The mapping results of this study and the SNPs described here
may provide an excellent basis for specific investigations
of other inflammatory diseases.
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