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Identification of the predominant antigenic
epitopes in intestinal flora in IBD
A Ergin!, T Adam?, K Biissow?, A Thiel?, J Sieper! and R Duchmann!

The normal intestinal flora is required for the development of intestinal inflammation in animal models of inflammatory
bowel disease (IBD). In humans, several studies indicated a potential association of Escherichia coli (E. coli) with IBD.

In addition, we have shown that T-cell clones of IBD patients cross react toward different enteric bacterial species and
thus likely respond to conserved bacterial antigens. Therefore, we hypothesized that highly conserved E. coli proteins
might be a reasonable candidate to screen for abnormal T-cell responses in IBD. We used high-throughput techniques
for cloning, expression, and purification under native conditions of a set of 271 conserved proteins of E. coli, of which
196 were used for whole blood stimulations to assess peripheral T helper (T,,)-cell responses. In addition, because of the
association of an adherent-invasive E. coli with Crohn’s disease (CD), we included 13 pathogenicity factors of

E. coli in the study. We observed that pools of these conserved E. coli proteins less frequently induced interferon-y (IFNy)
production in peripheral T, cells in patients with CD and ankylosing spondylitis (AS) compared with healthy controls. In
addition, lower percentage of patients with CD and AS responded toward single proteins. The reason for the decreased

frequency of an in vitro T -cell IFNy response toward E. coli proteins in peripheral blood of CD and AS patients,

e.g., increased suppression needs to be clarified.

INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis are the two pheno-
typic prototypes of inflammatory bowel disease (IBD). CD is
characterized by granulomatous inflammation throughout the
entire gastrointestinal tract with the terminal ileum mainly
affected! whereas ulcerative colitis is characterized by chronic
continuous inflammation in the colorectum without granuloma
formation.? Alhough the etiology of IBD remains unclear, it is
well established that genetic factors, environmental factors,
and a dysregulated immune response toward commensal bac-
teria contribute to the pathogenesis.> Most animal models of
IBD are characterized by T helper 1 (T};1) cells* driven by the
enteric bacterial flora.’=> In addition to the stimulatory role of
the normal intestinal flora, several studies highlighted the asso-
ciation of Escherichia coli (E. coli) and CD. DNA of E. coli was
detected in 80% of CD granulomas.® Antigens of E. coli, Listeria,
and Streptococcus were present within the macrophages of CD
patients.” Predominance of E. coli was demonstrated in ileal
mucosa®’. An adherent-invasive E. coli strain isolated from a

chronic lesion of a CD patient was able to survive and replicate
in the host-cell cytoplasm after lysis of the endocytic vacuole.!”
Moreover, this strain was shown to survive and replicate within
macrophages.!! Adherent-invasive E. coli are associated with
inflammatory lesions of CD patients.!? Several studies dem-
onstrated the potential role of conserved bacterial antigens in
the pathogenesis of IBD and related disorders. T-cell clones of
IBD patients were shown to cross-react toward antigens shared
by different enteric bacterial species including E. coli'® indicat-
ing that conserved antigens of intestinal bacteria could drive
chronic inflammation directly or through induction of autoim-
munity. In Yersinia-triggered reactive arthritis, which together
with IBD and ankylosing spondylitis (AS) belongs to the group
of the spondyloarthropathies, a conserved ribosomal protein
from Yersinia enterocolitica was identified as an immunodomi-
nant antigen.'* In addition, heat-shock protein 60 from Yersinia
enterocolitica, Chlamydia trachomatis, Borrelia burgdorferi,
and homo sapiens caused proliferative responses with T ;1-
and T;2-like cytokine-secretion pattern in T-cell clones
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of a patient with reactive arthritis.!> Yersinia heat-shock protein
60-specific T cells cross-reacted with human heat-shock
protein 60.1¢

On the basis of these findings, we wished to study a potential
role of conserved bacterial proteins in the pathogenesis of IBD.
The most conserved protein functions are represented in all
three biological kingdoms, archaea, prokarya, and eukarya. On
account of the potential involvement of E. coli in IBD pathogen-
esis, we first chose a set of E. coli proteins hypothetically inher-
ited by the Last Universal Common Ancestor (LUCA)!” of the
three kingdoms (LUCA proteins). Subsequently, we identified
additional conserved proteins between E. coli and humans that
were not included in the LUCA set of proteins. We termed these
proteins as E. coli-human-homologues. Together, we identified
271 conserved proteins of E. coli. Of these, we accomplished to
purify 197 proteins with a minimum amount of 500 ug.'® As
most of the highly conserved protein functions are also repre-
sented in humans, T-cell reactivity toward these proteins could
provide a hint to potential autoimmunity in IBD. In addition,
because of the association of an adherent-invasive E. coli with
CD,!0-12 we included 13 pathogenicity factors of E. coli in the
study. We stimulated whole blood of CD patients, AS patients,
and healthy controls with protein pools containing conserved
proteins and pathogenicity factors of E. coli, and assessed the
CD4+ Tyy-cell response according to expression of interferon-
v (IFNYy) and CD40 ligand, as CD40 ligand was shown to be
an universal marker for the activation of antigen-specific T,
cells.!?

RESULTS

Expression and purification of recombinant proteins

of E. coli

As previously published,!® of 246 LUCA proteins described by
Kyrpides et al.,'” we could identify 223 LUCA genes in the E. coli
K12 genome. In addition, we identified 48 E. coli-human-homo-
logues proteins. Together, a total of 271 conserved proteins of
E. coli could be identified. Of these, we successfully cloned 268
genes (98%) in the expression vector pQTEV2. In small-scale,
we could detect the expression of 254 proteins (94%) in the cell
lysates. Of these proteins, 249 (98%) yielded purified His-tagged
proteins (Figure 1). We observed that several proteins either
were not purified or were purified in low yields. We subjected
the corresponding genes to the Gateway recombination tech-
nology to fuse each of the target proteins with maltose binding
protein, glutathione S-transferase, and N-utilizing substance A,
respectively. Protein expression and purification revealed that
fusion of target proteins to maltose binding protein most effi-
ciently improved protein yields. Fusion to N-utilizing substance
A or glutathione S-transferase resulted in little improvement.
Treatment of recombinant proteins with polymyxin B-coated
magnetic beads revealed less background stimulation of Ty, cells
as compared with untreated proteins. Furthermore, the Limulus
amoebocyte lysate test revealed that lipopolysaccharide contents
in polymyxin B-treated proteins were below the detection limit.
In conclusion, we accomplished to produce 197 conserved pro-
teins with a minimum amount of 500 pug. Besides conserved
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Figure 1 Step-by-step efficiency of cloning, small-scale protein
expression and purification of 271 conserved proteins of E. coli. A total
of 220 purified proteins with high and moderate yields were subjected
to large-scale expression. Afterwards, 176 proteins could be purified
with a minimum of 500 ug. Overall, 34 target proteins were subjected to
Gateway recombination cloning to express fusion proteins with maltose
binding protein, glutathione S-transferase, and N-utilizing substance A,
respectively. Overall, 21 proteins fused to maltose binding protein were
purified with a minimum of 500 ug. ECHH, E. coli-human-homologues;
LUCA, Last Common Universal Ancestor.

proteins, we expressed and purified 13 pathogenicity factors of
various pathogenic E. coli strains.

Stimulation of whole blood with pools of E. coli proteins
Upon stimulation of whole blood, we observed that the majority
of patients with CD and AS lacked peripheral T, cell responses
toward E. coli protein pools. Inversely, such responses were
present in the majority of healthy controls (Figure 2).

Identification of stimulatory proteins

To rapidly identify single stimulatory proteins within pools, pro-
teins had been distributed among the pools following a “protein
matrix” (Table 1).

To identify proteins driving the immune response in patients
with CD, AS, and controls, we first identified protein pools
that most frequently caused T};-cell responses in these groups.
Whole blood of patients and controls with reactivity to a
given protein pool was then restimulated with all proteins
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Figure 2 Peripheral T, cell responses (CD40 ligand and IFNy) upon stimulation of whole blood with pools of conserved E. coli proteins. (a) HC, (b) CD
patients, and (c) AS patients. Rectangles in gray indicate T,-cell responses toward protein pools where frequencies of double positive T, cells were

at least three-fold increased as compared with the negative control (blood sample supplemented only with anti-CD28 antibody). Few patients with CD
and AS responded toward pools. In contrast, higher percentages of healthy controls were responding. AS, ankylosing spondylitis; CD, Crohn’s disease;

HC, healthy controls; Ty,, T helper cell.

contained in that pool, as described above. By that approach
nine single stimulatory proteins were identified. Whole
blood of patients and healthy controls (10 each) was then stimu-
lated with these conserved proteins to assess the frequencies
of responding individuals. Similar to stimulations with pro-
tein pools, more healthy controls responded toward these nine
proteins than patients with CD and AS (manuscript in
preparation).

DISCUSSION
Using a strategy that combines standard restriction cloning with
the Gateway recombination system, we established a reliable
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and efficient approach for the large-scale generation of a large
number of evolutionary conserved bacterial proteins, suitable
for usage in in vitro T-cell assays.

We observed that pools of these evolutionary conserved
E. coli proteins less frequently induced IFNYy production in periph-
eral T}, cells in patients with CD and AS compared with healthy
controls. Nine stimulatory conserved proteins were identi-
fied from protein pools that most frequently caused T};-cell
responses in patients with CD, AS, and healthy controls. Similar
to the responses observed against protein pools, lower percent-
age of patients with CD and AS responded toward these single
proteins.
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Table 1 Arrangement of 100 conserved proteins of E. coliin the “protein matrix”

1 2 3 4 5 6 7 8 9 10
A 63 100 31 28 37 10 6 61 20 229
B 2 111 238 25 121 120 62 110 30 39
C 142 97 41 119 241 53 35 86 125 117
D 54 5 128 245 136 22 75 59 87 56
E 101 55 11 9 227 137 18 43 226 236
F 13 107 32 33 237 118 85 82 140 122
G 71 26 40 57 115 67 78 16 66 252
H 12 69 81 8 234 103 91 29 95 68
I 42 45 246 233 251 114 94 79 224 253
J 38 84 83 255 242 44 72 36 131 89

Certainly, the increased and broad reactivity of peripheral
blood T cells from healthy controls to evolutionary conserved
bacterial proteins is an in vitro phenomenon and should not be
interpreted to indicate an ongoing inflammatory process in vivo.
This is certainly prevented in vivo by a lack of sufficient stimula-
tory conditions (e.g., lack of an adequate antigen dose) and/or
sufficient suppression. The reason for the decreased frequency
of an in vitro Ty;-cell IFNY response toward E. coli proteins in
peripheral blood of CD and AS patients is not entirely clear.
Explanations include that the number of responsive peripheral
blood T cells is decreased, e.g., because bacteria reactive T cells
enrich in the inflamed tissues of these patients. However, this
alone seems unlikely as the observed phenomenon was inde-
pendent of disease activity. Furthermore, decreased T-cell reac-
tivity might be a consequence of an impaired innate immune
response, as recently reported in CD patients by Marks et al.? or
a consequence of increased suppression. Studies to distinguish
among these possibilities are currently performed.

Our preliminary data suggest that stimulation with staphy-
lococcal enterotoxin B, a super antigen that cross-links defined
VB-chains of the T-cell receptor with major histocompatibil-
ity complex 11,2122 also resulted in decreased frequencies of
responding peripheral T, cells in patients with CD and AS. In
contrast to staphylococcal enterotoxin B, however, we could not
observe differences in the frequencies of responding peripheral
Ty cells toward the control antigens cytomegalovirus pp652
and tetanus toxoid?** (unpublished data). Whether this indicates
a specific abnormality of antibacterial T-cell responses in CD
and AS needs further clarification.

METHODS

Generation of recombinant proteins. Amplification through PCR
and cloning of target genes into the expression vector pPQTEV2 and the
expression of proteins was performed as described previously. !® Briefly,
to identify clones that provided sufficient amounts of proteins, His-
tagged proteins were expressed in small-scale and purified under native
conditions through affinity chromatography to a nickel chelate matrix
(Ni-NTA; Qiagen, Hilden, Germany). Elution of bound proteins into
a denaturing buffer and sodium dodecyl sulfate polyacrylamide gel
electrophoresis analysis identified proteins that were purified in suffi-
cient yields. Suitable expression clones were then used for large-scale
protein expression and purification to obtain a minimum of 500 ug per
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protein. In cases that this strategy did not yield in sufficient amounts
of proteins, we used the Gateway (Invitrogen, Karlsruhe, Germany)
recombination technology?® to fuse the target protein with fusion part-
ners, such as maltose binding protein, glutathione S-transferase, or
N-utilizing substance A. These fusion partners may enhance solubil-
ity of target proteins.? Finally, we removed bacterial lipopolysaccha-
ride from protein solutions with polymyxin B-coated magnetic beads
(Chemicell, Berlin, Germany). Lipopolysaccharide was reported to
interfere with downstream immunological applications?’~?° such as
in vitro stimulation of whole blood or peripheral blood mononuclear
cells. Pathogenicity factors of E. coli were purified under denatured
conditions using 6 M of guanidine hydrochloride to disrupt the bacte-
rial cell wall and to denature proteins. After binding to Ni-NTA, the
proteins were washed and eluted with 8 M of urea. Urea was removed by
dialysis against 0.1% acetic acid. Subsequently, we removed lipopolysac-
charide as described above.

Pooling of E. coli proteins. A total of 196 conserved proteins and 13
pathogenicity factors of E. coli were each adjusted to a final concentration
of 500 pgml~1. We pooled 196 conserved proteins and four pathogenicity
factors. Each pool consisted of 10 proteins, resulting in 20 pools. Beside
this arrangement, we distributed the proteins in additional 20 “matrix
pools” Thus, each protein was present in two different protein pools.
The “protein matrix” containing 100 conserved proteins is illustrated in
Table 1. The aim of this approach was the fast identification of potential
stimulatory proteins in whole blood stimulations.

Patients and healthy controls. Heparinized whole blood was
obtained from 40 CD patients (22 female, 18 male; mean age: 44 years;
range: 17-70), 20 AS patients (9 female, 11 male; mean age: 43 years;
range: 27-63), and 20 healthy controls (11 female, 9 male; mean age:
37 years; range: 20-61). The study was approved by the local ethics
committee.

Stimulation of whole blood with protein pools and flow cytometry
analysis. We stimulated whole blood with proteins as described previ-
ously.'8 Briefly, heparinized blood was stimulated for 6h at 37°C and 5%
CO, in the presence of 1 pgml~! anti-CD28 antibody (Becton Dickinson,
Heidelberg, Germany) with 5 pugml~! of E. coli proteins either in pools or
as single proteins, 4 ugml~! of cytomegalovirus pp65 (Miltenyi, Bergisch
Gladbach, Germany), 10 ugml~! of tetanus toxoid (Chiron-Behring,
Marburg, Germany), and 10 ugml~! of staphylococcal enterotoxin
B (Sigma, Deisenhofen, Germany) as the positive control. The nega-
tive control comprised only blood with anti-CD28 antibody. The last
4h of stimulation were performed under the presence of 10 ugml~! of
the secretion inhibitor Brefeldin A (Sigma) to accumulate intracellular
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cytokines. EDTA (2mM) was added to the samples and incubated for
10 min at 20°C. Erythrocytes were lysed and leukocytes were fixed with
FACS Lysing Solution (Becton Dickinson) according to the manufac-
turer’s instructions. The cells were permeabilized for subsequent anti-
body staining with FACS Permeabilizing Solution 2 (Becton Dickinson)
according to the manufacturer’s instructions. Before addition of following
antibodies (Becton Dickinson) the cells were added with 1 mgml~! of
Beriglobin (Behring) to avoid Fc binding: anti-CD4-PerCP, anti-CD40
ligand-PE, and anti-IFNy-antigen presenting cell. The cells were incu-
bated for 30 min at 20°C in the dark, then washed with fluorescence-
activated cell sorting buffer (phosphate-buffered saline with 0.5% bovine
serum albumin and 0.1% sodium azide) and resuspended in an appro-
priate volume of fluorescence-activated cell sorting buffer. In the flow
cytometry analysis, we included 200,000 T cells and assessed the fre-
quencies of CD4+ T, cells double positive for CD40 ligand and IFNY.
In the analysis, T};-cell responsiveness toward E. coli protein pools was
defined as an at least three-fold increase in frequency of double-positive
T cells compared with the negative control.
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