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Background & Aims: Previous studies in Crohn’s disease
suggest global loss of tolerance with sonicated bacteria
preparations containing hundreds of antigens. Monoasso-
ciation studies show that a solitary bacterium can induce
colitis in one animal model, whereas another is responsi-
ble in other models. Among patients with Crohn’s disease,
serum responses have been documented to microbial and
autoantigens (antibodies to the Escherichia coli outer-
membrane porin C and the Pseudomonas fluorescens-
associated sequence I2, antisaccharomyces cerevisiae an-
tibody (ASCA), and perinuclear antineutrophil cytoplasmic
antibodies). Our aim was to determine whether there are
heterogeneous responses to these specific antigens.
Methods: Sera from 330 Crohn’s patients were analyzed.
Immunoglobulin A enzyme-linked immunosorbent assays
to ASCA, outer-membrane porin C, or I2 and immunoglob-
ulin G enzyme-linked immunosorbent assay to ASCA and
ANCA determined the presence and level of antibodies.
Perinuclear antineutrophil cytoplasmic antibodies were de-
termined by immunofluorescence. Results: ASCA was de-
tected in 56% of patients; 55% were seroreactive to outer-
membrane porin C, 50% were seroreactive to I2, and 23%
were perinuclear antineutrophil cytoplasmic antibody pos-
itive. Eighty-five percent responded to at least 1 antigen;
only 4% responded to all 4. Among microbial antigens,
78% responded to at least 1, and 57% were double posi-
tive, but only 26% responded to all 3. The level of response
was stable over time and with change in disease activity.
Among patients with the same qualitative antigen-re-
sponse profiles, quantitative response differed. Cluster
analysis of these antibody responses yielded 4 groups:
ASCA, outer-membrane porin C/I2, perinuclear antineu-
trophil cytoplasmic antibodies, or no/low response.
Conclusions: Rather than global loss of tolerance, there
seem to be patient subsets with differing responses to
selected microbial and autoantigens.

Numerous genetically engineered and T-cell manip-
ulated animal models of intestinal inflammation

have been generated over the last 10 years.1–3 Two com-

mon pathogenic mechanisms important for expression of
these diseases have been defined. First, alteration of T-
cell regulation renders the mucosa particularly suscepti-
ble to chronic inflammation. Second, expression of colitis
in these animals is completely dependent on the presence
of commensal colonic bacteria.1–3 In some models, a
single bacterial strain can induce colitis. However, the
same strain in a different animal model may have no
effect on the development of colitis. For example, the
addition of Bacteroides vulgatus to a group of 5 bacteria
isolated from Crohn’s disease (CD) patients induced co-
litis in HLA B27 transgenic rats4 but did nothing in
interleukin (IL)-10 knockout mice5 or in E26 transgenic
mice (B. Sartor, personal communication, July 2001).
Because the HLA B27 rats and the IL-10 knockout
mouse are different species and have different genetic
backgrounds, direct comparisons may be difficult. Even
so, IL-10 knockout mice monoassociated with Streptococ-
cus faecalis develop colitis.6 A second study in IL-10
knockout mice from one laboratory developed colitis
after Helicobacter reintroduction.7 These studies show that
some animal systems develop colitis as a result of sensi-
tivity to particular bacteria. In fact, Cong et al.8 have
shown in the C3H/HEJ/BIR mouse model that serolog-
ical and T-cell sensitivity occurs in response to a limited
selection of the multitude of bacterial antigens in lysates
of cecal flora.
The role of bacterial antigens in human inflammatory

bowel disease has been studied with several approaches.

Abbreviations used in this paper: ASCA, antisaccharomyces cerevi-
siae antibody; BSA, bovine serum albumin; CSMC, Cedars–Sinai Med-
ical Center; ELISA, enzyme-linked immunosorbent assay; GST, gluta-
thione S-transferase; IL, interleukin; OmpC, outer-membrane porin C;
pANCA, perinuclear antineutrophil cytoplasmic antibody; SDS, sodium
dodecyl sulfate.
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In CD, some patients experience ameliorated symptoms
from manipulation of bacteria by antibiotics.9,10 Rut-
geerts et al.11 showed that reintroduction of the diverted
fecal stream into a segment of bowel can reactivate CD
within a short time period. Many specific organisms have
been proposed as directly contributing to the develop-
ment of CD, including mycobacteria,12–17 Bacteroides,18,19

and Listeria20; however, immune responses to antigens
from these specific microbes have been variable. By using
serological and T-cell responses as measures, it has been
proposed that patients with CD or ulcerative colitis have
lost tolerance to their own bacterial populations.21–23 All
of these studies have been performed with sonicates of
multiple bacteria that yield a multitude of bacterial
antigens as the test antigenic stimuli for the loss of
tolerance.21–23 However, the heterogeneity of antigenic
responses in individual patients with CD has not been
addressed.
We have recently shown immune responsiveness to

several specific microbial antigens in patients with CD
and ulcerative colitis.18,24–27 Using phage display tech-
nology, we have developed monoclonal antibodies that
have similar reactivity to polyclonal antibodies seen in
the sera of ulcerative colitis patients who are perinuclear
antineutrophil cytoplasmic antibody (pANCA) positive
(pANCA�).28–31 We have determined that these mono-
clonal antibodies cross-react with specific bacterial anti-
gens, such as the outer-membrane porin C (OmpC) from
E. coli and OmpW from Bacteroides.18 Recently, we
showed that a subset of patients with CD express an
immunoglobulin A (IgA) response to OmpC.32 Several
groups have shown reactivity to an oligosaccharide from
Saccharomyces cerevisiae in CD patients.24,26,33–37 This
likely represents cross-reactivity to cell wall structures of
multiple bacteria. We have also recently reported that
the bacterial sequence of I2 is present in the mucosa of
patients with active CD.38 Reactivity to this antigen as
measured by IgA is far more frequent in CD than ulcer-
ative colitis or control inflammatory conditions.24 Re-
cently, this sequence has been shown to be associated
with Pseudomonas fluorescens39; however, an exhaustive
search of the other Enterobacteriaceae species to determine
the specificity of this association has yet to be completed.
The purpose of this study was to define the Ig immune

response to S. cerevisiae, OmpC, I2, and pANCA in CD
patients. Results in our study show heterogeneity in
immune responses as well as the magnitude of that
response within patients with CD. Rather than a global
loss of tolerance to bacteria, as has been previously de-
scribed, there seem to be subsets of CD patients with
differing immune responses to selected microbial and

autoantigens. The relationship of the pattern (presence
and magnitude) of these serological responses in a given
patient to disease behavior is yet to be determined.

Materials and Methods
Study Populations

Cedars–Sinai Medical Center clinical cohort. The
primary cohort consisted of 151 consecutively ascertained pa-
tients with an established diagnosis of CD evaluated by the
Cedars–Sinai Medical Center (CSMC) Inflammatory Bowel
Disease Center and who consented to have serum drawn for
research purposes. This study was reviewed and approved for
human subject participation by the Cedars–Sinai Institutional
Review Board. Diagnosis of CD was rigorously defined by the
presence of a combination of established features from at least
2 of the following categories: (1) clinical—perforating or fis-
tulizing disease, obstructive symptoms secondary to small-
bowel stenosis, or stricture; (2) endoscopic—deep linear or
serpiginous ulcerations, discrete ulcers in normal-appearing
mucosa, cobblestoning, or discontinuous or asymmetric in-
flammation; (3) radiographic—segmental disease (skip le-
sions), small-bowel or colon strictures, stenosis, or fistula; and
(4) histopathologic—submucosal or transmural inflammation,
multiple granulomas, marked focal cryptitis or focal chronic
inflammatory infiltration within and between biopsies, or skip
lesions, including rectal sparing in the absence of local therapy.
Patients with primary sclerosing cholangitis and autoimmune
hepatitis and those with chronically increased transaminase or
alkaline phosphatase levels were excluded to avoid confusion
with non–inflammatory bowel disease ANCA.40,41

Cedars–Sinai Medical Center longitudinal cohort.
A second, similarly defined cohort of 73 patients with CD
under treatment with infliximab was followed up over time
and assessed for disease activity. Of the 73 patients in this
cohort, there were 26 patients who experienced a Crohn’s
Disease Activity Index (CDAI) change of at least 70 at time
points at least 4 months apart. These 26 were studied for
changes in marker antibody expression over time relative to
disease activity.

Additional Crohn’s disease patients for cluster
analysis (Cedars–Sinai Medical Center genetics cohort).
The CSMC genetics cohort of 153 patients with CD diagnosed
by standard clinical, radiographic, endoscopic, and histopatho-
logic criteria was grouped with the CSMC clinical cohort to
enlarge our population for adequate cluster analysis.

Determination and Characterization of
Serum Antisaccharomyces Cerevisiae
Antibody (ASCA)

Sera were analyzed for ASCA expression in a blinded
fashion by Prometheus Laboratories (San Diego, CA) with a
fixed enzyme-linked immunosorbent assay (ELISA). High-
binding polystyrene microtiter plates were coated with puri-
fied phosphopeptidomannans extracted from yeast S. uvarum, a
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subspecies of S. cerevisiae. Coded patient sera were diluted and
added to the wells. After incubation and washing, alkaline
phosphatase-conjugated goat anti-human F(ab�) fragment–
specific IgG (Pierce, Rockford, IL) or alpha chain–specific IgA
( Jackson Immunoresearch Labs, Inc., West Grove, PA) was
added. After incubation, wells were washed, and p-nitrophenol
phosphate substrate was added. Color development was pro-
portional to concentrations of antibody present in the sera.
Samples were read at 405 nm with a reference wavelength of
650 nm on a Molecular Devices (Menlo Park, CA) E-Max
microtiter plate reader. Levels were determined and results
expressed as ELISA units relative to a Prometheus Laboratory
standard, which was derived from a pool of patient sera with
well-characterized CD found to have reactivity to this antigen.
Sera showing ASCA reactivity (IgG, IgA, or both) exceeding
the reference range were termed ASCA positive (ASCA�).

Serum ANCA Determination and ANCA
Subtype Characterization

Serum ANCA expression and ANCA subtype charac-
terization were performed in a blinded fashion by Prometheus
Laboratories. ANCA presence was determined by fixed neu-
trophil ELISA as previously described.42 Polystyrene microti-
ter plates were coated with 2.5 � 105 normal human donor
whole peripheral blood neutrophils per well, which were then
fixed with 100% methanol. Cells were incubated with bovine
serum albumin (BSA; 0.25%) in phosphate-buffered saline
(PBS) to block nonspecific antibody binding. Next, control
and coded sera were added at a 1:100 dilution. After incuba-
tion and washing, goat F(ab�)2 anti-human IgG (� chain–
specific) antibody (Jackson Immunoresearch) conjugated to
alkaline phosphatase was added at a 1:1000 dilution to label
neutrophil-bound antibody. Substrate solution containing p-
nitrophenol phosphate was then added. Color development
was allowed to proceed until absorbance at 405 nm, with a
reference wavelength of 650 nm on a Molecular Devices E-Max
microtiter plate reader, in the positive control wells was 0.8–
1.0 optical density units greater than that in blank wells.
Levels were determined relative to a Prometheus Laboratory
standard consisting of pooled sera obtained from well-charac-
terized pANCA� ulcerative colitis patients. Results were ex-
pressed as ELISA units. Sera with circulating antineutrophil
cytoplasmic IgG antibody exceeding the reference range value
were termed ANCA�. Numerical values that were below the
reference range were termed ANCA�.
ANCA� sera were further subtyped via indirect immuno-

fluorescence staining to determine the ANCA neutrophil bind-
ing pattern. Glass slides containing approximately 105 normal
human donor whole peripheral blood neutrophils per slide
were prepared by cytocentrifugation (Shandon Cytospin,
Cheshire, England). Cells were fixed in 100% methanol, air-
dried, and stored at �20°C. The coded patient sera were
diluted (1:20) and then layered over the fixed neutrophils,
incubated at 37°C, and washed. Fluorescein-labeled F(ab�)2 �
chain–specific goat anti-human antibody was added and incu-
bated and then washed, as previously described.42 The slides

were examined by fluorescence microscopy by using an epi-
fluorescence-equipped Nikon microscope (Garden City, NJ).
Sera showing perinuclear highlighting which then lost this
characteristic staining pattern with deoxyribonuclease treat-
ment were termed pANCA�.43

Bacterial Antigen Purification

Outer-membrane porin C purification. Trimeric
OmpC was biochemically purified from an OmpF1�/�/
OmpA�/� disruptive insertion mutant E. coli K12 (provided
by R.M.). Mutant E. coli glycerol stocks were inoculated into
10–20 mL of Luria-Bertani broth supplemented with 100
�g/mL of streptomycin (LB-Strep, Teknova, Half Moon Bay,
CA) and cultured vigorously at 37°C for approximately 8
hours to log phase, followed by expansion to 1 L in LB-Strep
over 15 hours at 25°C. Cells were harvested by centrifugation,
washed twice with 100 mL of ice-cold 20 mmol/L of Tris-Cl
pH 7.5, and resuspended in cold spheroplast-forming buffer
(20 mmol/L Tris-Cl, pH 7.5; 20% sucrose; 0.1 mol/L EDTA,
pH 8.0; 1 mg/mL lysozyme). Spheroplasts were allowed to
form for 1 hour on ice with occasional mixing and then lysed
by 14-fold dilution into ice-cold 10 mmol/L of Tris-Cl pH 7.5,
1 mg/mL of deoxyribonuclease I, and vigorous vortexing fol-
lowed by pulse sonication (4 � 30 seconds; on time, 1 second
at high power). Cell debris was obtained by low-speed centrif-
ugation, and membrane preparation was collected by ultracen-
trifugation at 100,000g in a swing bucket rotor. Membrane
pellet was resuspended by homogenizing into 20 mmol/L
Tris-Cl pH 7.5 and extracted for 1 hour in 20 mmol/L Tris-Cl
pH 7.5 and 1% sodium dodecyl sulfate (SDS) by rotating at
37°C. Pre-extracted membrane preparation was then pelleted
by ultracentrifugation and resuspended by homogenizing into
20 mmol/L Tris-Cl pH 7.5, as previously, and OmpC was
extracted for 1 hour rotating at 37°C with 20 mmol/L Tris-Cl
pH 7.5, 3% SDS, and 0.5 mol/L NaCl. Membrane was then
pelleted by ultracentrifugation, and the supernatant contain-
ing trimeric OmpC was collected. SDS was removed from
OmpC preparations by detergent exchange dialysis against
more than 10,000 volumes of 0.2% Triton X-100 followed by
dialysis against more than 10,000 volumes of Tris-Cl pH 7.5.
Purified OmpC was quantified with the Bradford reagent
(Bio-Rad, Hercules, CA), and purity of �95% was validated
by SDS polyacrylamide gel electrophoresis and silver staining
(Bio-Rad). Purified protein was aliquoted and stored at –20°C
until use.

I2 purification. Antigen purification and ELISA tech-
niques have been previously published.24 Briefly, the 100–
amino acid open reading frame of I2 was subcloned into
pGEX-KG44 and expressed in E. coli XL-1 blue (Stratagene, La
Jolla, CA). I2/glutathione S-transferase (GST) fusion protein
was present as an inclusion body and was purified according to
the manufacturer’s instructions by differential solubilization in
0.1% SDS. The GST control was produced with unmodified
pGEX-KG and XL-1 blue cells and was present approximately
50% in the soluble and inclusion body fractions. The latter was
purified exactly as I2-GST, and the former was purified by G
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Sepharose (Amersham-Pharmacia, Piscataway, NJ) affinity
chromatography. All protein preparations were �90% pure by
SDS polyacrylamide gel electrophoresis and Coomassie blue
protein staining. The presented data used the soluble material;
however, both preparations of the GST control yielded the
same level of reactivity with patient sera.

Determination and Characterization of the
Outer-Membrane Porin C/I2 Response

Human IgA antibodies that bind I2 or OmpC were
detected by direct ELISA assays. Plates (Greiner, USA Scien-
tific, Ocala, FL) were coated overnight at 4°C with 100 �L per
well of GST alone and I2-GST (5 �g/mL) or OmpC (0.25
�g/mL) in borate-buffered saline, pH 8.5. After 3 washes in
0.05% Tween 20 in PBS, the plates were blocked with 150 �L
per well of 0.5% BSA in PBS, pH 7.4, for 30 minutes at room
temperature. The blocking solution was then discarded, and
100 �L per well of sera diluted 1:100 was added and incubated
for 2 hours at room temperature. The plates were washed as
before, and alkaline phosphatase–conjugated goat anti-human
IgA (� chain specific) or IgG (� chain specific; Jackson Im-
munoresearch) at a dilution of 1:1000 in BSA/PBS was added
for 2 hours at room temperature. The plates were washed 3
times with 0.05% Tween 20 in PBS followed by another 3
washes with Tris-buffered normal saline, pH 7.5. Substrate
solution (1.5 mg/mL of disodium p-nitrophenol phosphate
[Amresco, Solon, OH], 2.5 mmol/L MgCl2 , and 0.01 mol/L
Tris, pH 8.6) was added at 100 �L per well, and color was
allowed to develop for 1 hour, at which time the plates were
read at 405 nm. Nonspecific bindings of sera to GST alone
(typically 	0.1) were subtracted from raw values of I2/GST
binding to obtain I2-specific absorbances.

Statistical Methods

Test stability of antibodies. From the longitudinal
cohort, patients who experienced a CDAI change of at least 70
at time points at least 4 months apart were analyzed. The
statistical significance of the mean difference between patients
was evaluated by analysis of variance. To evaluate the relation-
ship between changes in antibody levels and disease activity
(CDAI), nonparametric Spearman’s correlation was calculated.
To measure the stability of antibody levels within a patient
relative to the variation among patients, the coefficient of
intraclass correlation45 was calculated for each antibody [r 

�B

2/(�B
2 � �w

2)]. A high value (maximum is 1) of the coef-
ficient means that there is relatively little variability within a
patient. A nonsignificant correlation between changes of CDAI
and changes in antibody titers indicates the independence of
antibody level and disease activity within each patient.

Test heterogeneity of antibody distribution in
Crohn’s disease patients. Cluster analysis46 of quantitative
antibodies in CD patients (from the combined CSMC clinical
cohort and CSMC genetics cohort, n 
 304) was performed by
using the k-means method to characterize the patient clusters
by minimizing within-cluster variance. Two to 10 clusters
were evaluated. The pseudo-F statistic was used, and the

cluster number corresponding to the largest value was deter-
mined to be the optimal number of clusters. The correlation
between antibodies was calculated by using nonparametric
Spearman’s correlations.
The antibody levels were log-transformed for all analyses

and also standardized to mean 0 and variance 1 for cluster
analysis. All statistical analyses were performed by SAS Ver-
sion 6.12 (SAS Institute Inc., Cary, NC).

Results
Relationship of Qualitative Serum
Reactivity to ASCA, OmpC, I2, and pANCA
in the CSMC Clinical Cohort of CD Patients

We and others have previously published the
relationship of the expression of serum antibodies to
ASCA and pANCA in patients with CD. Forty to fifty-
six percent were reactive to either IgG or IgA ASCA with
similar ELISA-based technologies (reviewed in Vasiliaus-
kas et al.47). In addition, 10%–40% of CD patients were
shown to have serum reactivity to pANCA with different
technologies.25 Furthermore, we have recently shown
that 54% of CD patients are reactive to the CD-related
bacterial antigen I2 and that 56% are reactive to
OmpC.32

Our next goal, therefore, was to determine the rela-
tionship of serum reactivity to these different antigens in
the CSMC clinical cohort. Figure 1 shows the serum
reactivity to each of these antigens in this cohort of 151
CD patients. Although ASCA and pANCA assays were
performed previously on this cohort for different analy-
ses,25,47 serum samples were reassayed for this study. I2
and OmpC were run for the first time on this cohort.

Fifty-six percent of patients in this group were serum
reactive to ASCA, 55% reacted to OmpC, 50% reacted
to I2, and 23% reacted to pANCA (Figure 2A ). With
the relatively high frequency of reactivity in this cohort,
the question arose as to whether the same patients would
react to all 3 of the microbe-related antigens. In such a
case, the circles in this Venn diagram (Figure 2B) would
completely overlap. However, as seen in Figure 2B–D,
there is a complex relationship of serum reactivity to
these antigens in any given patient. Only a relatively
small percentage of patients are reactive to all antigens.
By using combinations of these antigens, 79%–84% of
the population reacts to 1 or more of these antigens, and
only 16%–22% did not react (Figure 2B–D).

Looking at the expression of all 4 antigens at once
(Figure 3), the complexity of this relationship can further
be seen. The expression of the 3 microbe-associated an-
tigens is lower among pANCA� patients compared with
pANCA� patients. However, the groupings of these
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antigens are similar in the pANCA� and pANCA�

groups.

Antibody Stability

To address the relationship between the expres-
sion and level of these antibody responses over time and
also in relationship to clinical disease activity, we took
advantage of a cohort of 73 CD patients that we had
followed up prospectively before and after infliximab
treatment of CD (CSMC longitudinal cohort). Within
this cohort, 26 patients responded by a decrease of at
least 70 in their CDAI (range, 85–375; median, 179) and
had an interval in between serum draws of at least 4
months (range, 4–14; median, 6.1 months). These cri-
teria would allow a definition of a durable response after
infliximab treatment and allow enough time for changes
in the Ig expression after treatment response. The results

for these 26 patients showed that even though there is
variation in the antibody levels before and after the
therapy within a patient, the intraclass correlation was
high for all 5 antibodies (0.69, 0.82, 0.96, 0.99, and
0.87 for OmpC, ANCA, IgA ASCA, IgG ASCA, and I2,
respectively; all P 	 0.0001). Figure 4 shows that the
vast majority of patients did not change antibody expres-
sion. Those patients who did change expression had
negative levels that changed to very low levels of posi-
tivity or were low-level positives that changed to nega-
tives. However, the magnitude of responses among the
patients with higher-level reactivity to these antigens
stayed stable over time despite great changes in disease
activity. These results, combined with the previous data,
emphasize the importance of assessing both the magni-
tude and the qualitative expression of these responses.

Evidence for Selective, Not Global, Loss of
Tolerance to Bacterial Antigens in Patients
With CD

The results presented previously show the heter-
ogeneity of serum reactivity in patients with CD to a
series of microbial and autoantigens. Articles in the
literature using serum Ig response to multiple bacterial
antigen preparations have suggested that all CD patients
have a global loss of tolerance to these commensal bac-
teria.19,21,22 In this study, we used 3 antigens of micro-
bial origin and 1 that is likely to be composed of several
autoantigens (pANCA), all likely to have multiple cross-
reactivities with commensal bacterial antigens.18,27,31

Given the heterogeneous responses we have shown in
patients with CD, it is likely that the degree of loss of
tolerance is not equivalent in all patients with CD.
This wide variation in both the number and magni-

tude of serum responses within the CSMC clinical cohort
(n 
 151) is shown by 2 � 2 analysis (Figure 5). For
example, patient 1 (Figure 5A–C) does not have reactiv-
ity to ASCA or I2 but does have high reactivity to
OmpC. In contrast, there are other CD patients who have
a high level of response to both I2 and ASCA (see patient
2, Figure 5A–C), but no response to OmpC.

Even among those CD patients who are responsive to
all 3 microbial antigens (n 
 39)—ASCA, I2, and
OmpC—there is variability in the magnitude of the
response. There is moderate correlation among these
antibodies. The correlation between IgA ASCA and
OmpC is 0.079 (P 
 0.643), between I2 and OmpC is
0.208 (P 
 0.216), and between IgA ASCA and I2 is
0.306 (P 
 0.065). The variability in response is shown
by the distribution of quartile sums in Figure 6, in which
the level of reactivity to the different antigens is divided
into quartiles with scores of 1, 2, 3, and 4, assigned to

Figure 1. Level of antibody response in the CD cohort to previously
described antigens: IgA ASCA (A), IgG ASCA (B), ANCA (C), OmpC (D),
and I2 (E). In each panel, the dashed line indicates the division
between positive and negative, as defined by 2 SD above the mean of
normal controls; (●) ASCA-, pANCA-, OmpC-, and I2-positive samples.
O.D., optical density.
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quartiles 1, 2, 3, and 4, respectively. If a particular
patient has the highest reactivity to all 3 antigens (fourth
quartile), the sum of the quartiles would be 12. In
contrast, if a given patient had a low reactivity to all 3
antigens (first quartile), the sum of the quartiles would
be 3. Any other variability in the level of reactivity to
these antigens would have a sum of the quartiles some-
where between 12 and 3. As can be seen in Figure 6, very

few patients have the highest or lowest reactivity to all 3
antigens. The vast majority (89.7%; n 
 35; 95% con-
fidence interval, 79.6%–99.8%) had levels of reactivity
in between.
In addition, we used cluster analysis as a separate

mathematical approach to evaluate patient responses
without bias to antibody distribution. This cluster anal-
ysis evaluated the quantitative levels of the 5 antibodies
among the combined group of patients in the CSMC
clinical cohort and the genetics cohort (total n 
 304).
The pseudo-F statistic ranged from 87.6 to 152.38
among 2 to 10 clusters. On the basis of the largest
pseudo-F statistic, we considered 4 clusters to be optimal
in this sample. As shown in Figure 7, cluster 1 was
characterized by high pANCA, cluster 2 by both high
IgA ASCA and high IgG ASCA, and cluster 3 by high
OmpC and I2; cluster 4 consisted of individuals with low
reactivity in all 4 antibodies. Table 1 shows the mean
values of the standardized levels of antibody response for
each cluster displayed in Figure 7. This shows that
among CD patients, the multidimensional distribution
of these antibodies shows distinct clusters rather than
random overlaps. Thus, these clusters represent those
individuals in whom 1 or 2 reactivities predominate at
very high levels. These results in conjunction with the
heterogeneous positive responses reported previously
show a difference in the degree and magnitude of serum

Figure 2. Relationships between marker antibodies in the CD cohort by presence vs. absence. (A) Percentage of the CD cohort that is positive
for each marker. (B–D) Intersections of those groups. In each panel, the percentage of the entire cohort defined by the Venn diagram is shown.

Figure 3. Population distribution of patients as defined by marker
antibody presence. Bars represent the percentage of the CD cohort
that fits the described category.
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reactivity among patients with CD to a limited panel of
microbial antigens. Therefore, the loss of tolerance to
microbial antigens is relatively selective, not global, and
varies among CD patients.

Discussion
In this study, we show variable serologically de-

termined responses to a panel of microbial and autoan-
tigens. Twenty-four percent to 56% of CD patients have
an immune response to a single antigen. We showed that
the expression of immune responses to these antigens in
a given CD patient is heterogeneous. The vast majority
of patients respond to at least 1 antigen; however, some
are responsive to several. The vast majority of patients
also had stable expression of these markers over time,
independently of disease activity. The magnitude of the
immune response to specific antigens varies within a
given patient. Even among those patients who have
serum responses to all antigens, there is variability in the
magnitude of their response. Further independent anal-
ysis of the magnitude of antibody reactivity showed 4
distinct clusters of response.
We have previously shown that not only the pres-

ence, but also the magnitude, of individual seroreac-

tivity may relate to disease behavior in both CD and
ulcerative colitis.25,47,48 CD patients with high levels
of IgG and IgA ASCA and the absence of pANCA have
more aggressive, small-bowel fistulizing and fibrosing
disease, and patients with high-level pANCA, in the
absence of ASCA, have an ulcerative colitis–like co-
lonic disease.25,47,48 In ulcerative colitis, those patients
with very high levels of pANCA have a much greater
chance of developing chronic bacteria-associated, an-
tibiotic-dependent pouchitis.48 Therefore, serum reac-
tivity to these antigens may indicate sensitivity in a
given patient to selected antigens within the mucosa
that could generate different forms and severity of
disease. However, this could reflect the transmural
nature of the inflammation in some patients with CD.
Furthermore, not answered by this study is whether
these immune responses initiate or sustain inflamma-
tion patterns of disease or are a sequela, simply mark-
ing for a form of inflammation.
Reactivity to bacterial antigens was first shown by

Blaser et al.49 in 1984, who showed a modest increase in
serum antibodies to 7 bacterial pathogens in a group of
CD patients. Subsequently, several investigators have
suggested serum responses to various bacterial and my-

Figure 4. Relationship of antibody expression level to disease activity over time. (A) CDAI and antibody expression levels are shown for 26
patients at 2 connected time points. Dashed lines indicate CDAI level of 150 for reference and the division between negative and positive for
the antibody tested as previously defined. (B) Change in CDAI and antibody expression level between the time points shown in (A). The median
change in CDAI and antibody expression level is depicted by crosses; (E) change in antibody expression status from negative to positive or vice
versa; ( ) no change. The Spearman correlation between �CDAI and change in antibody level are shown. EU, ELISA unit; O.D., optical density.
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cobacterial antigens.12,17,50–55 All of these studies used a
limited number of CD patients as well as sonicated
preparations of multiple bacteria as antigens to test for
immune responses. None of these compared the magni-
tude of the immune response. A series of studies by
Duchmann et al.19,23,50,55,56 has shown a loss of tolerance
to pathogenic as well as commensal bacteria in clones
derived from peripheral and lamina propria T cells from
patients with CD. Sonication of specific pathogenic bac-
teria or separated aerobic and anaerobic bacteria was the
source of antigens for these clones. Results from all these
studies proposed a global loss of tolerance to bacterial

antigens among patients with CD. However, none of
these studies addressed the existence of heterogeneous
responses within individuals. This study adds to these
findings by showing that immune responses to specific
antigens, as measured by Ig levels, are not uniform
among CD patients. However, clustering of responses to
these antigens does define subsets of CD patients.
Studies in animal models of immune responses to

commensal bacterial antigens have shown that among

Figure 5. Relationship between marker antibodies in the CD CSMC clinical cohort (n 
 151) by level of response. In each panel, the dashed line
indicates the division between positive and negative. Two individual patients (1 and 2) are highlighted. O.D., optical density.

Figure 6. Quartile analysis of population in a cohort that is positive
for all 3 microbial antigens (ASCA, I2, and OmpC). This population was
subdivided into 4 quartiles by ASCA (top left), I2 (middle left), and
OmpC (bottom left) binding levels. Quartile sums were calculated by
the addition of each individual’s quartile values. The distribution of
the quartile sums is shown (right panel). O.D., optical density.

Figure 7. Three-dimensional scatterplot of the 4 clusters represented
by high ANCA, high ASCA IgA and IgG, high OmpC and I2, and low
values of all 5 antibodies. To represent the 5 antibodies in this figure,
the average of ASCA IgA and ASCA IgG is plotted on the x axis, the
average of OmpC and I2 is plotted on the y axis, and ANCA level is
plotted on the z axis.
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the large numbers of bacterial antigens within the com-
mensal bacterial population, there is a relatively selective
serum and T-cell immune response in a given animal
model to a limited number of bacterial antigens.8,57

Furthermore, when mice are raised in germ-free environ-
ments, monoassociation by a single bacterium can induce
colitis.4,5 Different bacteria are capable of inducing ex-
pression of colitis in different rodent models. These
findings suggest that a limited number of bacterial an-
tigens are capable of initiating disease, and the dominant
antigens may differ in 2 separate models, both of which
express intestinal inflammation yet may have different
disease expression and severity.4,5

The relevance of these findings in animals to the
diversity of human disease seen among CD patients has
yet to be defined. Which particular immune alterations
and bacterial sensitivity associated with different animal
models are represented among the different clinical ex-
pressions of disease seen in CD is also unknown. The
findings in this study suggest, as reflected among the
different animal models, that there is a diversity of
patterns of immune responses to environmental and bac-
terial antigens that differs widely among groups of CD
patients. The relationship of these different patterns of
immune responses to clinical behavior is not yet clear.
However, it is possible that certain antibiotics might be
most effective in those patients who have the most
robust, i.e., numbers and magnitude of, responses to
bacterial antigens. For example, Duchmann et al.56

showed that muting the T-helper-1 response in animal
models of colitis by using antibodies to IL-12 or the
infusion of IL-10 reversed the T-cell responses to com-
mensal bacterial antigens. It is possible that alteration of
the relevant bacterial flora in this model could have
accomplished a similar treatment. Likewise, the most
robust responses to the broadest number of these anti-
gens may define those patients who can best be treated by
manipulation of the bacterial flora. If the antigens to
which an individual is sensitive are among the anaerobic
or microaerophilic bacteria, then metronidazole may be
more effective. If these antigens are among the aerobic
bacteria, then these patients may best be treated with
ciprofloxacin. Finally, patients who are immunoreactive
to both aerobic and anaerobic populations may require a
combination of both metronidazole and ciprofloxacin.

In conclusion, serum immune responses to microbial
and autoantigens are not uniform among CD patients.
Defining how these antibody reactivities relate to clinical
behavior and response to therapeutic modalities will
require larger numbers of phenotypically well-character-
ized patients.
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Meigs of Meigs’ Syndrome

Joe Vincent Meigs (1892–1963) was born in Lowell, Massachusetts,
the son of a family doctor who conducted an active surgical practice.
He received his B.A. degree from Princeton and his M.D. degree
from Harvard. Trained at the Massachusetts General Hospital and
its affiliated institutions, where he spent his entire professional
career, he gained fame for his modification of the Wertheim proce-
dure for eradication of cancer of the uterine cervix. He also was an
early and vigorous promoter of the Papanicolaou technique for
detection of uterine neoplasia. Although the syndrome that bears his
name (ascites and hydrothorax associated with ovarian fibroma and
other pelvic tumors) is not strictly a gastroenterologic problem, the
condition often enters the differential diagnosis of abdominal swell-
ing. Affable and unaffected in his mien, Meigs was meticulous in his
work. His career ended with a fatal myocardial infarction suffered
aboard a plane on which he was flying home to Boston from a
medical meeting in Rochester, New York. He died on his 71st
birthday.
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