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Abstract
Background & Aims—Genetic studies of the serum expression of antibodies to microbial
antigens may yield important clues to the pathogenesis of Crohn’s disease. Our aim was to
conduct a linkage study using expression of anti-CBir1, anti-I2, anti-OmpC, and ASCA as
quantitative traits.

Methods—Expression of antibodies to microbial antigens was measured by ELISA and a
standard ~10cM whole genome microsatellite study was conducted. SNP genotyping was
performed using either Illumina or TaqMan MGB technology. NFKB1 activation in cells from
EBV-transformed cell lines was assessed using EMSA and protein was measured using ELISA
and Western blotting.

Results—Evidence for linkage to anti-CBir1 expression was detected on human chromosome 4
(LOD 1.82 at 91cM). We therefore directly proceeded to test the association of haplotypes in
NFKB1, a candidate gene. One haplotype, H1, was associated with anti-CBir1 (P = 0.003) and
another, H3, was associated with ASCA (P = 0.023). Using cell lines from CD patients with either
H1 or H3, NF-κB activation and NFKB1 p105 and p50 production were significantly lower for
patients with H1 compared to patients with H3.

Conclusions—These results suggest that NFKB1 haplotypes induce dysregulation of innate
immune responses by altering NFKB1 expression. The results also show the use of EBV-
transformed lymphoblastoid cell lines to conduct phenotypic studies of genetic variation.
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Introduction
Chronic relapsing, remitting intestinal inflammation is a characteristic common to all
patients with Crohn’s disease (CD), however, CD demonstrates significant heterogeneity as
patients can exhibit a broad spectrum of disease phenotypes and expression of serum
antibodies to intestinal microbes.[1,2,3] CD has been associated with the presence of
antibodies to Clostridium-related flagellin (anti-CBir1),[4,5] a Pseudomonas fluorescens-
related peptide (anti-I2),[6,7] Escherichia coli outer membrane protein C (anti-OmpC),[2,8]
and Saccharomyces cerevisiae oligomannan (ASCA).[9,10] We have observed that
expression of antibodies to more than one of these antigens, as well as the magnitude of that
expression, is associated with a more aggressive CD phenotype of stricturing, internal
perforating disease and a greater requirement for small bowel surgery.[11] In addition,
antibody to flagellin (anti-CBir1) alone identifies a CD subgroup with a more complicated
CD phenotype [5] and a more aggressive CD behavior in pediatric patients.[12] We and
others have also observed that ASCA and anti-OmpC are familial traits,[13,14,15]
suggesting that genetic variation may lead to alterations in the expression of antibodies to
microbial antigens. Taken together, these observations support the overall paradigm that
genetic variation may alter responses to commensal microbes by either the innate, adaptive
or both immune systems and that such alterations may lead to variations in CD phenotype.
Therefore, genetic studies of these various responses may yield important clues to the
alterations and pathways related to CD pathogenesis.

This concept is further supported by evidence from experimental mouse models in which
alteration of one or more host genes results in colitis when mice are raised under normal
conditions, but not when raised in microbe-free conditions.[16] Pertinent to this study are
the findings that targeted disruption of the IL10 gene in C3H/HeJBir mice causes a severe
colitis but this does not occur in C57BL/6J mice.[17,18] Using this differential
susceptibility/resistance, a major modifying locus for this colitis was identified on mouse
chromosome 3, the Cytokine deficiency-induced colitis susceptibility (Cdcs) 1 locus.[19]
Subsequently, Beckwith and co-workers refined the location of Cdcs1 to a 7 Mb interval
spanning the nfkb1 gene.[20] Using a series of congenics, these authors demonstrated that:
a) all aspects of the colitis phenotype were confined to this interval; b) macrophages from
the C3H/HeJBir strain expressed higher levels of nuclear factor (NF)-kappa (κ)-B p50; c)
C3H/HeJBir showed reduced innate responsiveness both in vivo and in vitro to bacterial
ligands, including flagellin; and d) C3H/HeJBir showed an increased CD4 T cell response
compared to the C57BL/6J strain.

This study is part of our ongoing research on the genetics of sub-phenotypes of IBD, in
particular, the genetics of serum expression of anti-CBir1 antibodies. Beginning with a
whole genome linkage study of antibody expression as a quantitative trait, we report (1) the
evidence for linkage of anti-CBir1 expression to a human region syntenic to the mouse locus
Cdcs1, (2) the association of NFKB1 haplotypes to anti-CBir1 expression, and (3) functional
differences between NFKB1 haplotypes.
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Materials and Methods
Three studies were conducted: a linkage study of the expression of each of four serum
antibodies (anti-CBir1, anti-I2, anti-OmpC, and anti-Saccharomyces cerevisiae, ASCA), a
case-control study of the association of the NFKB1 gene, and a genotype-phenotype study
of NFKB1 function using lymphoblastoid cell lines from CD subjects with various NFKB1
haplotypes.

Subjects
Recruitment of subjects at the Cedars-Sinai IBD Center was conducted under the approval
of the local Institutional Review Board. Disease phenotype was assigned using a
combination of standard endoscopic, histological, and radiographic features as previously
described.[11] The characteristics of the subjects studied are found in Table 1: a) The
“Linkage Subjects” were members of 80 “CD-only” families, families with at least two
members affected with CD and no known members affected with UC, and 57 “Mixed”
families, families with at least two members affected with either CD or UC: (b) The “Case
Control Subjects” consisted of 763 CD patients and 254 controls, mainly spouses, matched
on ethnicity (Ashkenazi Jewish and non-Jewish); c) “Genotype-Phenotype Subjects” were
case-control subjects selected based on NFKB1 haplotype.

Genotyping
(a) Linkage Study. “Linkage Subjects” (Table 1a) were genotyped for 381 autosomal
microsatellite markers from Weber set 9, average spacing ~10 cM. The length of dye-
labeled polymerase chain reaction products were measured by computer-aided
electrophoresis (Applied Biosystems, Foster City, CA).[21] (b)Case-Control Study. Single
nucleotide polymorphisms (SNPs) markers were genotyped using either Illumina Golden
Gate technology (Illumina, Foster City, CA) [22]or TaqMan MGB technology (Applied
Biosystems, Foster City, CA). [23,24] The SNPs studied are shown in Figure 3.

Enzyme-Linked Immunosorbent Assay (ELISA) of Anti-CBir1, anti-I2, anti-OmpC, and
ASCA antibody

Sera from all subjects in both the Linkage Study and the Case-Control Study were analyzed
for anti-CBir1, anti-I2, anti-OmpC, and ASCA expression in a blinded fashion at the
Cedars-Sinai Medical Center with a fixed ELISA as described previously.[2,5] Anti-CBir1,
anti-I2, and anti-OmpC positive was defined as the mean ± 2 SD of the healthy controls.
Sera showing ASCA reactivity (IgG, IgA, or both) exceeding the reference range were
termed ASCA positive (ASCA+).

Nuclear and Cytosolic Cell Extracts
EBV-transformed lymphoblastoid cell lines were selected based on NFKB1 haplotype in CD
patients (Genotype-Phenotype Subjects, Table 1c) [25]. Nuclear and cytosolic proteins were
extracted from these cell lines from subjects with specific haplotypes. Briefly, cells were
harvested and resuspended in lysing buffer for 5 min. The supernatant (cytosolic fraction)
was stored at − 80 °C until use. The pelletted nuclei were rinsed twice with 1ml of Nonidet
P-40-free lysing buffer. After centrifugation, the pelletted nuclei were resuspended in 60 µl
of nuclear suspension buffer. Nuclear suspensions were centrifuged and the supernatant was
collected for nuclear protein. Protein concentrations were determined by the Bradford
method.
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Electrophoretic Mobility Shift Assay (EMSA)
DNA probe containing a consensus κB enhancer element was used (sc-2505, Santa Cruz
Biotechnology, Santa Cruz, CA). The probe was 5’-endlabeled with γ-32P ATP using T4
polynucleotide kinase (Promega Corporation, Madison, WI). Nuclear protein extracts (5 µg)
were incubated with a 5’-end-labeled probe. Reaction products were separated on 6%
polyacrylamide gels. The gels were dried and visualized by autoradiography. For analysis of
NF-κB activation, the digitized quantification of the specific NF-κB bands in one H1/H1 cell
line was set as 1.0, and the intensities of the bands in other samples were expressed in
relation to this reference value.

NF-κB Activity Assays
NF-κB p50 activities from 5 µg nuclear protein were measured using the Active Motif
TransAM NF-κB ELISA, with bound oligonucleotide containing the NF-κB consensus
binding site, as recommended by the manufacturer (Active Motif, Carlsbad, CA).

Western Blot Analysis
10 µg nuclear and cytosolic proteins were separated by 10% SDS-polyacrylamide gel
electrophoresis and transferred onto PDVF membranes (Invitrogen, Carlsbad, CA). NF-κB
subunit p65, p50 and p105 were stained with a rabbit anti-human NF-κB/p65 antibody
(Santa Cruz Biotechnology) and p50 and its precursor p105 with a rabbit anti-human NF-
κB/p50 and p105 antibody (Santa Cruz Biotechnology). HRP-conjugated goat anti-rabbit
IgG was used for secondary antibody.

Statistical Analysis
The antibody serum levels were log transformed to enable analyses based on the normal
distribution. These levels were used as a quantitative trait in the Linkage Study and the
Case-Control Study. Variance components linkage analysis as implemented in the SOLAR
computer program was used to test for linkage of the microsatellite markers.[26] The LOD
score was used, not to establish linkage, but as a method of ranking the genetic regions in
which to look for candidate genes. For the Case-Control Study, haplotypes were assigned
from individual SNP data using the computer program PHASE v2.[27] Association of
NFKB1 haplotypes was tested using chi-square and the significance of results was assessed
by applying a permutation test to the data in order to correct for the multiple testing of
haplotypes in Haploview.[28],[29] Wilcoxon test was used to analyze the results in ELISA
and densitometric data of EMSA and Western blotting. Differences were considered
significant at P < 0.05.

Results
Linkage Study: Linkage of anti-CBir1 expression to human chromosome 4

Genomic regions showing support for linkage to anti-CBir1, anti-I2, anti-OmpC, and ASCA
are shown in Figure 1. The highest LOD score for anti-CBir1 was 1.82 on Chr4, for anti-I2
was 1.14 on Chr1, for anti-OmpC was 1.1 on Chr 6, and for ASCA was 1.8 on Chr 5. The
heritability for anti-CBir1 level was 0.19 (p = 0.0005). Since we have previously observed
that CD severity is associated with the number of antibodies expressed in a given subject,
bivariate linkage of two antibodies was calculated pairwise. No new peaks with LOD > 1
were observed, and only one peak showed a very modest increase (data not shown except
for anti-CBir1 and ASCA expression and Chr 4, see below).

With bivariate linkage analysis of anti-CBir1 and ASCA together, the anti-CBir1 peak on
Chr 4 increased from 1.82 to 1.99 (Figure 2). We observed that the −1 LOD region of this
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peak included both the human NFKB1 gene, located as shown in Fig 1B, and the region
syntenic to the mouse Cdcs1 locus, approximately located between human markers MFD324
and AFM248ZG9 (~105–113cM).[30] Since aspects of the mouse Cdcs1 phenotype are
similar to the human expression of anti-CBir, we directly tested NFKB1 as a candidate gene
for anti-CBir1 and ASCA expression.

Case-Control Study: Association of anti-CBir1 and ASCA with NFKB1
We observed 6 NFKB1 haplotypes with frequency greater than 1% (Figure 3). Haplotype 1
(H1) was associated with the presence of anti-CBir1 expression (Figure 4A) and H3 was
associated with the presence of ASCA expression (Figure 4B). We did not observe an
association between CD or UC and these NFKB1 haplotypes, nor with a previously reported
NFKB1 insertion/deletion polymorphism (data not shown; [31]). When the families with
NFKB1 H1 were removed, there was a modest decrease in the observed LOD, from 1.8 to
1.6.

Genotype-Phenotype Study: The anti-CBir1-related NFKB1 haplotype (H1) is associated
with the down-regulation of NF-κB

To investigate whether anti-CBir1 related NFKB1 haplotype (H1) affects NF-κB activation,
EBV transformed B cell lines were generated from peripheral blood cells of CD patients
known to be homozygous for specific haplotypes. We prepared 14 cell lines from H1
positive (+) patients and 24 cell lines from H1 negative (−) patients including 11 from
ASCA associate haplotype H3. First, nuclear proteins were extracted from these cell lines
and EMSA was performed to measure NF-κB activation (Figure 5A). NF-κB activation was
quantitated by densitometric analysis. The median NF-κB activation was significantly lower
for patients with H1 (+) compared with patients with cells without H1 (−)(Figure 5B open
and close triangle) (median NF-κB relative ratio for H1(+) was 1.28 compared to H1 (−)
1.71, P < 0.01) as well as H1(+) compared to H3(+)(Figure 5B open triangle)(median NFKB
relative ratio for H1 1.28 compared to H3 1.79 P = 0.02) There were too few H1(+)
heterozygotes (n = 3) to establish any gene dose effect.

NF-κB is a heterodimer consisting of NF-κB p50 from NFKB1 and p65 from ReIA. To
further assess NFKB1/p50 expression, we performed ELISA to measure the quantitation of
NF-κB p50 for nuclear protein-DNA binding to consensus NF-κB motif by using NF-κB
p50 antibodies. These data show that NF-κB p50 from H1 (+) cells significantly bound the
consensus NF-κB motif less than p50 from H3 (+) cells (median NF-κB relative ratio for H1
was 0.94 compared to H3, 1.39, P=0.02) (Figure 6).

Because NF-κB1/p105 is the inactive precursor of p50 and is localized to the cytoplasm,
with p50 being translocated into the nucleus upon activation, we next measured the
production of the NF-κB1 proteins (both p105 and p50) in cytosolic and nuclear proteins by
Western blot to investigate whether the different NFKB1 haplotypes influence the
production of NF-κB1 proteins such as p105 and p50. In cytosolic protein, levels of both
p105 and p50 proteins from H1 homozygotes were lower than the levels seen in H3 patients
by densitometrical analysis (median p105 relative ratio for H1 was 0.85 compared to H3,
1.00, P = 0.02, and median p50 relative ratio for H1 was 0.93 compared to H3 1.00, P =
0.035) (Figure 7A). There was no significant difference in NF-κB p65 cytosolic or nuclear
protein production between H1 and H3. In nuclear protein, p50 from H1 group was lower
than from H3 B cells (median p50 relative ratio for H1 was 0.84 compared to H3 1.00, P =
0.02) (Figure 7B). Taken together, these functional studies demonstrated the anti-CBir1-
related NFKB1 haplotype is associated with decreased p105 and p50 expression and
function, leading to down-regulated NF-κB activation.
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Discussion
A genome wide linkage study of antibody expression in Crohn’s disease patients has led, by
way of human synteny to a mouse locus for a related phenotype, to the identification of
NFKB1 haplotypes associated with anti-CBir1 and ASCA expression. Furthermore, an anti-
CBir1-related haplotype, NFKB1 H1, results in lowered expression of NFKB1 in human H1/
H1 EBV-transformed lymphoblastoid cell lines. These observations support the concepts
that the NFKB1 gene is involved in human antibody expression and that changes in NF-κB1
expression are involved in anti-CBir1-expression in human CD. Since we have observed the
association of antibody expression and severity of CD, perhaps alterations in NF-κB
expression may be involved in disease progression or severity as well. The observations
reported here afford a great opportunity to study further details of the relationships between
NFKB1 variation, NF-κB expression, immune dysregulation, and serum expression of
antibodies to microbial antigens in CD patients.

Our linkage evidence supports a region of chromosome 4 as a quantitative trait locus for the
serum expression of anti-CBir1 and ASCA in CD subjects. However, we observed only a
modest reduction of the variance components LOD score when subjects with NFKB1 H1
were omitted from analysis. There are several possible reasons for this finding: first,
expression of anti-CBir1 and ASCA probably have a large environmental component that
complicates the analysis of this complex trait. Second, the number of NFKB1 mutations in
CD subjects may be very large, so that a family-based study will detect transmission to
affected subjects, but an association study based on major haplotypes may not detect
mutations on a varied haplotypic background. Third, there may be other genetic variation at
this locus that determines response to microbial antigens. While the human region syntenic
to the mouse Cdcs1 locus is relatively narrow, the linkage region is not. The minus 1 LOD
interval, roughly between GATA72G09N and GATA62A12, spans other candidate genes,
most notably IGJ, CXCL1–6, 9–11, 13, and IL8. This is not unusual with a complex trait.
There is evidence that the three common CD associated variants within NOD2 do not
explain the entire CD linkage signal at the IBD1 locus on chromosome 16 [32] and that
TCF7L2 does not explain the majority of the chromosome 10 linkage signal in type 2
diabetes[33]. Interestingly, despite the fact that TCF7L2 is the most-widely replicated loci in
type 2 diabetes, the original linkage signal in Caucasians implicating this region revealed a
multipoint LOD score of less than 2.0[34].

The only other locus with a LOD score of greater than 1.5 was linkage of ASCA to
chromosome 5. The most interesting candidate gene located under this peak is PTGER4. A
Franco-Belgian GWAS identified a number of variants in a gene desert on chromosome
5p13 strongly associated with CD[35]. Using a study of global expression these
investigators identified that these variants were associated with altered expression of the
prostaglandin receptor PTGER4 (EP4)[36] and this locus in a cohort of ASCA serotyped CD
cases is worthy of further research. These results support the experimental approach of using
expression of antibodies to CD associated microbial antigens and population wide genetic
techniques to search and find genetic variants otherwise not found in the population at large.

Linkage disequilibrium mapping of the entire minus 1 LOD interval on chromosome 4 is
currently underway in order to find other genetic determinants of expression of anti-CBir1
antibody and therefore determinants of the response to bacterial flagellin. It is also possible
that these haplotypes could be in LD with variants in neighboring genes. The data from the
HapMap [37] project suggest that in Caucasians there is a recombination hot spot
centromeric to NFKB1 with little if any LD in this direction. In the telomeric direction, LD
extends beyond NFKB1 into the gene encoding lysosomal mannosidase beta (MANBA)
which contains genetic variants associated with the autosomal recessive lysosomal storage
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disease beta-mannosidosis (mental retardation, cutaneous manifestations and an absence of
any reported gastrointestinal manifestations).

The NF-κB family consists of RelA (p65), NF-κB1 (p50/p105), NF-κB2 (p52/p100), c-Rel,
and RelB. In many cell types, the most abundant form of NF-κB is the p50/p65 heterodimer,
which regulates the expression of genes involved in the immune and acute-phase responses.
Aberrant activation of NF-κB controls the expression of many genes of inflammatory
cytokines involved in the pathogenesis of IBD.[38] The three CD associated mutations in
the NOD2/CARD15 gene on chromosome 16 all have a defect in their ability to activate NF-
κB.[39] Recent evidence suggests that this may result in a defect in the innate immune
system’s ability to protect the gut against invasive bacteria.[40] Furthermore, an insertion/
deletion variant (−94ins/del ATTG) in the promoter of NFKB1 has previously been
associated with ulcerative colitis in humans from North America, with homozygosity for the
deletion conferring a moderate increase in ulcerative colitis (UC) risk (OR 1.57, 95% CI
1.14–2.16).[31] Therefore, the association between NF-κB and the dysregulation of innate
immune responses may be involved in the pathogenesis of IBD.

EBV-transformed B cell lines have been used recently to demonstrate heritable variation in
human gene expression,[41] and specific germ-line determinants that regulate gene
expression have been identified.[42] Here, we demonstrate that immortalized B cell lines
can reflect the functional consequences associated with different haplotypes of a specific
gene. Furthermore, the effects of individual polymorphisms that impact NF-κB activation
were detected in this study. Given that this assay has detected herein significant effects of
SNPs in NFKB1, it is likely that it can be used to detect novel polymorphisms with similar
phenotypes and that it provides a tool to perform ex vivo human genetic studies. In this
study, we showed that B cell lines with the anti-CBir1-associated haplotype (H1) had lower
NFKB1 activity than non-H1+ B cell lines. Furthermore, B cell lines with the anti-CBir1-
associated haplotype (H1) also had lower protein production of NFKB1 than the ASCA
associated haplotype (H3), which was likely the reason for the reduced NF-κB activation in
H1 cell lines. The difference in p105/p50 expression using Western blots were not dramatic,
nonetheless, significant, where as p65 was not. Importantly, however, these data are
completely in accordance with the magnitude of differences seen with two other assays
(EMSA & ELISA).

Taken together, we demonstrated that the genetic variation identified by haplotypes affects
NFKB1 differentially. Previous animal studies provide evidence in vivo and in vitro that the
C3Bir Cdcs1 susceptibility allele confers a reduced innate immune response to bacterial
antigens signaling through Toll-like receptors (TLRs), including TLR2, TLR5 and TLR9,
and NOD2. Our results in humans are consistent with the reduced induction of NFKB1
driven inflammatory genes that is associated with this colitogenic Cdcs1 locus in the mouse.
Our present findings indicate that NF-κB is less activated in anti-CBir1 positive CD patients
and suggests that NF-κB may abrogate the innate immune response to bacteria in this
subpopulation of CD patients. This relative defect could be permissive to an upregulated
adaptive immune response leading to intestinal inflammation.

Abbreviations

Ab Antibody

ASCA anti-Saccharomyces cerevisiae antibody

Cdcs Cytokine deficiency-induced colitis susceptibility

EBV Epstein-Barr virus
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ELISA enzyme-Linked Immunosorbent Assay

EMSA electro-mobility shift assay

I2 a Pseudomonas fluorescens-related peptide

NF-κB nuclear factor-kappa-B

OmpC a Escherichia coli outer membrane protein C

SNPs single nucleotide polymorphisms

TLR Toll-like receptor
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Figure 1. Linkage study of antibody expression
The levels of serum expression of anti-CBir1, anti-I2, anti-OmpC, and ASCA were treated
as quantitative traits and LOD scores were calculated using the variance components method
as implemented in the SOLAR computer program.[26] Average spacing of microsatellite
markers was ~10 cM. (A) anti-CBir1, (B) anti-I2, (C) anti-OmpC, and (D) ASCA.
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Figure 2. Linkage of anti-CBir1 expression to human chr 4
Detail for the highest LOD score on chromosome 4 (LOD = 1.82 at 91 cM). The dotted line
represents anti-CBir1 expression alone, and the solid line is for a bivariate analysis of anti-
CBir1 and ASCA together. The position of the human region syntenic to the mouse
sequence for the Cdcs1 locus is also shown.
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Figure 3. NFKB1 SNPs and haplotypes
This figure showing the location of NFKB1 SNPs studied was created with the aid of the
UCSC Genome Browser (http://genome.ucsc.edu). Diagram of the NFKB1 gene. Vertical
lines show the position of exons. [31] List of SNPs studied. Accession numbers (“rs
numbers”) in the dbSNP of the National Center for Biotechnology Information
(www.ncbi.nlm.nih.gov) are listed along with arrows showing their position along the
NFKB1. The most common NFKB1 haplotypes as observed in this study. The SNP
combinations that make up the six major haplotypes are shown, along with the frequency in
the controls of this study are listed. "2" refers to the minor allele observed in the controls.
Except for rs3774934 and rs1609798 the pairwise r2 between all SNPs shown is >85%. The
r2 for rs3774934 ranged from >90% with rs747559 to rs1599961 and 76% with rs230533 to
rs3774968. The r2 for rs1609798 was >88% except with rs3774934 (66%) and rs4648022
(53%).
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Figure 4. Association of anti-CBir1 and ASCA with NFKB1 haplotypes
The proportion of subjects positive for either anti-CBir1(a) or ASCA (b) is shown in relation
to NFKB1 haplotype. Haplotypes of NFKB1 were tested for association with the presence or
absence of antibody expression by chi-square test. P-values are empirical P-values by
permutation test in order to correct for multiple comparisons (n=6 haplotypes).
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Figure 5. Down-regulation of NF-κB activation in B cell lines from Crohn’s Disease patients with
anti-CBir1 related NFKB1 haplotype
Haplotype specific B cell lines were prepared from peripheral blood of CD patients. EMSA
analysis was performed in non H1/non H1 (n = 24) including H3/H3 and H3/X (non H1) (n
= 11) and H1/H1 and H1/X (non H3) (n = 14). (A) NF-κB-specific band from H3/H3 and
H1/H1 was shown. (B) Densitometric readings were obtained. The median NF-κB relative
expression was lower for H1/H1 and H1/X (closed circle) (1.28) compared to non H1
(closed and opened triangle). The median NF-κB relative expression was lower for H1/H1
and H1/X (1.28) compared to H3/H3 and H3/X (opened triangle). All P-values are generated
by Wilcoxon test.
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Figure 6. Association of NF-κB p50 with NFKB1 haplotypes
ELISA analysis of NF-κB p50 from nuclear protein in H3/H3 and H3/X (non H1) (n = 11)
and H1/H1 and H1/X (non H3) (n = 14) subjects. The median NF-kB p50 expression was
lower for H1 compared to H3 patients.
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Figure 7. Productions of NF-κB p105, p50 and p65 with NFKB1 haplotypes in cytosolic and
nuclear protein
NF-κB p105, p50 and p65 expression from cytosolic (A) and p50 and p65 expressions from
nuclear protein (B) in H3/H3 and H1/H1 subjects were analyzed by Western blot analysis.
(A)
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Table 1

Characteristics of Subjects

a. Linkage Subjects

"CD Only" Families "Mixed" Families

Number of Families 80 57

Number of subjects with CD 202 84

Number of subjects with UC 71

Number of subjects unaffected 285 238

Total number of subjects genotyped & with complete serum measurements for all 4 antibodies 358 292

b. Case-Control Subjects

CD Cases Controls

Jewish 306 51

Non-Jewish 441 201

c. Genotype-Phenotype Subjects-zEBV-transformed Cell Lines

NFKB1 H1/H1 11

NFKB1 H1/X 3

NFKB1 H3/H3 8

NFKB1 H3/X 3

NFKB1 X/X 13
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