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Abstract

Background and Goals—Seroreactivity against the Saccharomyces cerevisiae (ASCA),

Pseudomonas fluorescens-associated sequence (I2) and Bacteroides caccae TonB-linked outer

membrane protein (OmpW) has been detected in celiac disease patients with small-bowel mucosal

atrophy. Levels of these antibodies decrease during a gluten-free diet, but their functions and time

of appearance in celiac disease is not known. We aimed to search for evidence of possible

microbial targets of the immune responses in the early stage celiac disease patients who showed

normal small-bowel mucosal architecture at the time of the first investigations, but later on a

gluten-containing diet developed mucosal atrophy.

Methods—44 cases with proven early stage celiac disease and normal mucosal morphology were

enrolled. Patients’ sera were tested for celiac disease antibodies against tissue transglutaminase

(tTG-ab), endomysium (EmA) and for microbial antibodies against I2, OmpW and ASCA IgG and

IgA isotypes in both at the time of diagnosis and while on a gluten-free diet.

Results—34 (77%) out of 44 patients with early stage celiac disease had elevated serum

antibodies to one or more of the antibodies ASCA, I2 and OmpW. Furthermore, five out of the six

cases negative for both tTG-ab and EmA showed positivity for the microbial markers.

Seroreactivity to ASCA IgA, ASCA IgG and OmpW decreased significantly during gluten-free

diet.

Conclusions—Seroreactivity to different microbial antigens is evident already in patients with

early stage celiac disease. ASCA antibodies seem to be gluten-dependent. The results indicate that

microbial targets might have a role in the early development of celiac disease.
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INTRODUCTION

The current diagnostic criteria of celiac disease require the demonstration of small-bowel

mucosal villous atrophy and crypt hyperplasia.1-3 However, this structural damage caused

by dietary gluten is only the final outcome of a gradually developing inflammatory process

in previously normal mucosa.4-7 Furthermore, several recent studies have demonstrated that

celiac patients may have gluten-dependent symptoms and serum autoantibodies against

tissue transglutaminase (tTG-ab) and endomysium (EmA) already before the mucosal

atrophy develops.8-15 The early positivity of tTG–ab and EmA is particularly important as

they are strongly associated with celiac-type genetics and usually considered as the most

specific diagnostic tools in screening of celiac disease.16-19

Interestingly, recent studies have proposed a role of enteric microbiota in the pathogenesis

of celiac disease. It has been shown that seroreactivity against the Saccharomyces cerevisiae

(ASCA), Pseudomonas fluorescens-associated sequence (I2) and Bacteroides caccae TonB-

linked outer membrane protein (OmpW) can be detected in overt celiac disease (so-called

Marsh III lesion).20-25 Positive seroreactivity towards ASCA has also been found in the

first-degree relatives of celiac disease patients.26 Furthermore, the serum titers of these

microbial seromarkers may decrease after initiation of gluten-free diet. 27-30 However, the

natural history and the order of appearance of such serological responses remain obscure.

Whether these antigens might have active role in the disease pathogenesis is also not clear.

We aimed to investigate seroreactivity to these microbial antigens in the early stages of

celiac disease when the small-bowel mucosa is still morphologically normal (Marsh I-II).

MATERIALS AND METHODS

Patients

The study was conducted at the Department of Gastroenterology and Alimentary Tract

Surgery, Tampere University Hospital and in the Pediatric Research Centre, Tampere

University and University Hospital. Patients having an early stage celiac disease with

normal small-bowel mucosa (Marsh I-II) (n=44) were gathered from two separate

subgroups. The first subgroup consisted of 16 subjects, all of whom showed normal small-

bowel mucosal architecture at the time of the first investigations, but while continuing on a

gluten-containing diet developed villous atrophy and crypt hyperplasia (Marsh III). The

stored sera of these cases were available when they still had normal mucosal architecture

and thus represented an early stage celiac disease. In addition, 14 serum samples from this

subgroup were available when villous atrophy and crypt hyperplasia had been developed.

The remaining 28 early stage celiac disease patients were collected from our previous

series.12 All these cases were evaluated due to clinical suspicion of celiac disease but

expressed normal small-bowel mucosal villous structure. Nevertheless, they had DQ2 or

DQ8 HLA type and increased density of mucosal CD3+ and γδ+ intraepithelial lymphocytes
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characteristic for celiac disease.8,31-34 A subsequent beneficial response to a gluten-free diet

confirmed their diagnosis. The serological samples of 33 out of the 44 early stage celiac

disease patients were available for comparison while they had been on a gluten-free diet for

one year.

Small bowel mucosal morphology and immunohistochemistry

All 44 participants underwent upper gastrointestinal endoscopy and multiple biopsies were

taken from the distal duodenum for routine morphological evaluation and

immunohistochemistry. The biopsy specimens were embedded in optimal cutting

temperature compound (Miles Labs, Elkhart, IN, USA) and stored at −70°C until testing.

Cryostat sections were cut 5 μm thick and fixed in acetone for 10 min and thereafter in

cloroform for 30 min at +4°C. After fixing, the specimens were washed three times in Tris

buffer pH 7.4 and thereafter incubated in normal horse serum (dilution 1:60) for 20 min.

They were then covered with diluted mAbs in tris/bovine serum for one hour. Primary

antibodies were revealed using the Vectastain Elite ABC kit (Vectastain PK-6102, Vector

Laboratories, Burlinghame, CA) according to manufacturers’ instructions. After removal of

the buffer, the sections were covered with diluted MoAbs. Diaminobenzidine (DAB) was

used as substrate.

The density of intraepithelial CD3+ and γδ+ lymphocytes was determined from frozen

biopsy samples using monoclonal antibodies against CD3 (Leu-4; Becton Dickinson, San

Jose, CA) and TCRγ (Endogen, Woburn, MA). Positively stained intraepithelial

lymphocytes were counted per 100 epithelial cells. All histological evaluations were carried

out without prior knowledge of the disease history or laboratory results of the patients.

Serum antibody tests

In each visit sera for the future antibody determinations were obtained and stored at −70°C

until testing. Patients’ sera were tested for IgA class antibodies to tTG-ab (Celikey, Phadia,

Freiburg, Germany) and EmA.17,35-37 Tests were considered positive in titers tTG ≥5.0 U

and EmA 1: ≥5. Enzyme immunoassay kit Quanta Lite ASCA, INOVA Diagnostics Inc.,

San Diego, CA) was used according to manufacturer’s protocol for the determination of

ASCA in both IgA and IgG isotypes. Results higher than 25 U for IgG and/or IgA ASCA

were considered positive.

E. Coli XL-1 blue and E. Coli BL-21 (Stratagene, La Jolla, CA) strains were used for all

cloning and recombinant expression experiments in our laboratory. I2 and OmpW were

produced by using the antigen purification techniques as previously reported.38 Sera were

analyzed with IgA enzyme-linked immunosorbent assays to I2 and OmpW. The cut-off level

for positivity was set at 0.5 for I2 and 0.6 (children) and 1.0 (adults) for OmpW.39

Statistical analysis

Statistical analyses were carried out with PASW (Predictive Analytics SoftWare) version 18

(SPSS Inc., Chicago, IL). The differences between paired proportions were tested with

McNemar's test and medians with Wilcoxon tests. P value <0.05 was considered as

statistically significant.
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Ethical considerations

The study protocol was approved by the Ethical Committee of Tampere University Hospital.

All participants gave written informed consent.

RESULTS

The median age of the participants was 47 (range 13-72) years and 30 (68%) were females.

A total of 38 (86%) out of the 44 patients expressed positive serum tTG-ab and/or EmA. At

baseline 34 (77%) out of the 44 early stage celiac patients had positive seroreactivity to one

or more of the studied microbial antigens (ASCA, I2, OmpW) (Figure 1). A significant

decrease to the frequency of positive seroreactivity to tTG-ab and/or EmA and ASCA was

found during a gluten-free diet (Table). Further, five out of six (83%) subjects negative for

tTG-ab and EmA expressed positive serum I2 antibodies and/or OmpW antibodies, and

three of them also had elevated levels of ASCA antibodies.

The serum ASCA IgA, IgG and OmpW titers decreased significantly during a gluten-free

diet (Figure 2 a-c). Microbial serum titers were also measured in 14 serum samples from the

subgroup of 16 celiac disease patients at the time they had developed flat mucosa while

continuing on a gluten-containing diet. Significant decrease was seen in ASCA (IgA P=0.02,

IgG P=0.01) (Figure 2 a-b) and I2 (P=0.05) (Figure 2d) titers during one year follow-up.

DISCUSSION

We and some other groups have recently shown positive seroreactivity against different

microbial antigens in celiac disease patients having established small-bowel mucosal

damage with villous atrophy and crypt hyperplasia .20-25 In our former study, 90% of celiac

disease patients had positive serological responses towards one or more of these microbial

markers.20 The present study showed for a first time that similar serological responses can

be detected already in the early stages of celiac disease when the mucosal villi are still

morphologically normal. In this study, 77% of the early stage celiac disease patients showed

seropositivity to one or more of the studied microbial markers, suggesting possible over-

representation of seropositivity to these markers already at the early stage of the disease.

Although the intestinal villi were still morphologically normal, most of the patients here had

an increased density of CD3+ and γδ+ intraepithelial lymphocytes.12 Previously, we have

reported that this can predict forthcoming celiac disease in autoantibody positive subjects

with normal small bowel mucosa.32-33 Moreover, the densities of intraepithelial

lymphocytes decrease during gluten-free diet.8,34 These findings indicate that the microbial

seroreactivity may actually correlate more with mucosal inflammation than with structural

damage.

Previously, seroreactivity to different microbial components has been shown to be

associated with disease severity and progression in patients with Crohn's disease.40-43 In

fact, in such inflammatory bowel disease patients those with the highest levels of serum

reactivity towards microbiota have been reported to show also the greatest frequency of

complications. 40-43 In addition to Crohn's disease and overt celiac disease, our present

findings suggest that immune responses to commensal enteric bacteria are also present in
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early stage celiac disease and thus may have some unidentified role in the early pathogenesis

of celiac disease and the development of mucosal damage.

Besides being present in the sera of untreated patients with early stage celiac disease, a

significant decrease was seen in the serum ASCA and OmpW titers on a gluten-free diet.

Furthermore, while on diet the ASCA and I2 titers decreased in the 14 subjects who

eventually developed villous atrophy. These findings are in accordance with our previous

study in celiac patients with overt villous atrophy.30 However, in that study a significant

decline was seen in all three microbial markers during gluten-free diet when compared to the

time of diagnosis, whereas in the present study there was no significant change in the serum

OmpW titers. This disparity may be at least partly explained by the different study designs

and smaller number of celiac disease patients in the present trial. Furthermore, there might

be differences in microbial species composition in the gut depending on the stage of the

disease. For example, it has been reported that Bacteroides population in the duodenum of

celiac children and controls differ in diversity and species composition which may

contribute to features of the celiac disease.44-46

Interestingly, five out of the six cases who had an early stage celiac disease but negative

tTG-ab and EmA were positive to either I2 or OmpW antibodies, and three of them also had

elevated ASCA antibody levels. This could be important, since sometimes tTG-ab and EmA

are present only as a form of local IgA deposits in the small-bowel mucosa of untreated

celiac patients.18,47-48 Consequently, although the microbial seromarkers are not disease-

specific, they might be helpful in identifying the autoantibody-negative celiac disease

patients. Furthermore, due to the apparent gluten-dependency of the microbial antibodies,

they might be utilized in the follow-up of dietary treatment in celiac patients seronegative

for other markers.

In conclusion, the present study showed that seropositivity to microbial antigens can be

present already in the early stages of celiac disease before structural damage of intestinal

mucosa develops. The results also indicate that intestinal bacterial flora may play a role in

the pathogenesis of celiac disease. Furthermore, due to the early appearance and gluten-

dependency of the microbial seromarkers, they might provide new tools for the diagnosis

and follow-up of autoantibody-negative celiac disease. In the future it would be interesting

to investigate possible changes in microbiota for example in the siblings of known celiac

patients and in celiac antibody-positive subjects who initially have completely normal small-

bowel mucosa (Marsh 0) but later proceed to develop villous atrophy and crypt

hyperplasia.49
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Figure 1.
Concordance of the serum antibodies to microbial antigens against Saccharomyces

cerevisiae (ASCA), Pseudomonas fluorescens-associated sequence (I2) and Bacteroides

caccae TonB-linked outer membrane protein (OmpW) in the 44 patients with early stage

celiac disease. The percentage of patients positive for each marker, any combination of two,

or all markers is presented.
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Figure 2.
Serological responses to anti-Saccharomyces cerevisiae antibodies (ASCA) in IgA (2a) and

IgG (2b) classes, to Bacteroides caccae TonB-linked outer membrane protein (OmpW) (2c)
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and to Pseudomonas fluorescens-associated sequence (I2) (2d) in the 44 patients with early

stage celiac disease. The results are shown at the beginning of the study (Early stage celiac

disease), at the time of small-bowel mucosal villous atrophy (Villous atrophy celiac disease,

n=14) and while on treatment (Gluten-free diet, n=33). The dashed horizontal lines denote

the cut-off value for seropositivity of each antibody in question.
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Table

Frequency of Positive Seroreactivity in the Early Stage Celiac Disease at Baseline and During a Gluten-free

Diet (n=33)

Early stage celiac disease n (%) Gluten-free diet n (%) P value

tTG/EmA
* 30 (83) 4 (11) <0.001

ASCA 8 (24) 2 (6.1) 0.031

I2 23 (70) 23 (70) 1.00

OmpW 10 (30) 7 (21) 0.25

tTG/EmA indicate tissue transglutaminase/endomysium autoantibodies; ASCA, anti-Saccharomyces Cerevisiae antibodies; I2, anti-I2 antibodies to
P. Fluorescence associated sequence I2; OmpW, a Bacteroides Caccae TonB-linked outer membrane protein

*
n=36
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