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INTRODUCTION

Celiac disease (CD) is an autoimmune enteropathy triggered by exposure to gluten proteins,
leading to intestinal inflammation and villous atrophy in genetically predisposed individuals.
It is associated with robust B cell and antibody responses to gluten and to the
transglutaminase 2 (TG2) autoantigen 1. In contrast, non-celiac gluten sensitivity (NCGS) is
a poorly understood clinical entity defined by onset of symptoms in response to ingestion of
gluten-containing food without the prerequisite serologic or histologic features of CD 2.
There are no established biomarkers yet for NCGS, but recent research points to a biological
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basis, revealing a state of systemic immune activation in conjunction with a compromised
intestinal epithelium 2 3.

We and others have demonstrated a significant increase in 1gG antibody to gluten in NCGS
at levels similar to CD 2 3, Accordingly, it has been speculated that an enhanced IgG
response to gluten may be a common link between CD and NCGS 2. However, whether and
how B cell reactivity to gluten may differ in these conditions, especially in the context of
possible relevance to intestinal pathology, have not been examined.

In this study, we extend earlier data to show that the anti-gluten 1gG antibody in NCGS is
significantly different from CD in subclass distribution and in its relationship to intestinal
cell damage. The findings are suggestive of a sustained primary B cell response to gluten in
CD despite the condition’s chronicity, and a more advanced and tolerogenic immune
response to gluten in NCGS.

METHODS

Detailed methods are available in Supplementary Methods.

RESULTS

Demographic and clinical characteristics of study cohorts are included in Supplementary
Table 1.

The anti-gliadin IgG response in CD patients was comprised primarily of IgG1 and 1gG3,
which were significantly increased in comparison with the healthy and NCGS cohorts (Fig.
1A,1C). There was a modest elevation in anti-gliadin 1gG2 compared with the healthy group
and no comparative increase in the 19G4 subclass (Fig. 1B,1D). Within the NCGS cohort,
however, the lower contributions of anti-gliadin 1gG1 and 1gG3 in comparison with CD was
compensated by significantly elevated 1gG4 (compared with CD and healthy cohorts) and
1gG2 (compared with healthy cohort) (Fig. LA-D). No significant association was detected
in this cohort between any anti-gliadin IgG subclass and the Marsh type, HLA-DQ2/DQ8
status, or eligibility for irritable bowel syndrome or functional dyspepsia diagnostic criteria.

The score plot for the principal component analysis of the IgG subclass data demonstrated
clustering of the CD and NCGS subjects into discernible groups, further demonstrating the
contrasting subclass distributions and suggesting potential biomarker value in these data
(Fig. 1E).

Serum concentrations of intestinal fatty acid-binding protein (FABP2), a specific marker of
intestinal epithelial cell damage 4, were similarly elevated in the CD and NCGS groups in
comparison with healthy cohort (P<0.0001 for each) 3. Within the CD group, only the anti-
gliadin 1gG3 correlated with FABP2 (Fig. 1H). This correlation was similar in strength to
that between anti-gliadin 1gG3 and anti-TG2 IgA (r=0.505, P=0.001). In contrast, FABP2
levels in the NCGS group correlated with anti-gliadin 1gG4 and weakly with IgG1 (Fig.
1M,1).
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DISCUSSION

The observed contrast in the 1gG subclass distribution and relationship with FABP2 release
in NCGS versus CD are likely reflective of differences in the evolution and disease relevance
of B cell immune responses in the two conditions. Among IgG subclasses, 1gG1 and 1gG3
are the most potent activators of complement and efficient at binding a wide range of FcyRs
5. In contrast, 1gG2 antibodies generally require higher epitope densities for complement
activation and display limited binding to FcyRs 2. 1gG4 antibodies contain structural
properties that further distinguish them from other immunoglobulin isotypes and 1gG
subclasses. They bind weakly to Fc receptors and to complement, and are inefficient at
crosslinking of antigens or forming immune complexes °. IgG4 has also been shown to
induce an anti-inflammatory M2-like macrophage phenotype through inhibition of IFN-y
signaling 8. Considering these properties, the observed increase in the gluten-reactive 19G2
and 1gG4 subclasses and the correlation between the 1gG4 subclass and FABP2 in NCGS
may point to a protective response aimed at dampening the inflammatory effect of other
antibodies and immune cells. It is intriguing that these antibody responses are largely absent
in CD, where there is instead a correlation between the 1gG3 and FABP2.

The evolution in subclass switching of the IgG response to an antigen follows a 1-way
direction from 1gG3 to 1gG1, 19G2, and 1gG4 over time. Once a B cell has switched to a
downstream subclass, it does not return to a preceding one /. It has been suggested that 1gG2
and 1gG4 are part of the immunologic memory towards harmless and recurring antigens—an
advanced immune response stimulated by a more extensive antigen exposure 8. In addition,
the variable regions of 1gG2 and 1gG4 usually display greater levels of somatic
hypermutation than IgG1 or 1gG3, which can result in higher affinity for target antigens /.
As such, the prominence of the 1gG3 subclass and its relationship with the autoimmune
response and intestinal cell turnover in CD is suggestive of repeated activation of gluten-
specific naive B cells, rather than of memory cells, in response to gluten exposure, despite
the chronic nature of the disease. Pathways involved in this phenomenon may represent a
source of molecular targets for therapeutic intervention. Possible shortfalls of this study
include the lack of other disease controls and the fact that these observational data cannot
establish a causal connection between subclass differences and the disease process.

These data warrant further examination of the evolution of gluten-reactive B cell response
and subclass switching in CD and NCGS. In addition, information on other aspects of B cell
and antibody variability, including affinity, glycosylation profile, and epitope specificity, is
expected to contribute to a greater understanding of differences in the immune response to
gluten and its relationship with disease pathophysiology in the two conditions. In
conjunction with other previously identified markers, these components of the immune
response to gluten are expected to provide additional biomarkers that may be informative in
the context of stratifying potential disease subsets with varying mechanisms, prognoses, and
responses to therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ELISA enzyme-linked immunosorbent assay

FABP2 intestinal fatty acid-binding protein
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HLA human leukocyte antigen

IFNy interferon gamma
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Distribution of IgG subclass antibody reactivity to wheat gluten and relationship with
intestinal epithelial cell damage. A-D) Serum levels of IgG1 (A), 1gG2 (B), IgG3 (C), and
IgG4 (D) antibody to Prolamine Working Group (PWG) gliadin in cohorts of healthy
controls and 1gG anti-gliadin-positive celiac disease (CD) and non-celiac gluten sensitivity
(NCGS) patients, as determined by ELISA. Horizontal red lines indicate the median for each
cohort. E) Principal component analysis score plot of the entire anti-gliadin IgG subclass
dataset (1gG1, 19G2, 1gG3, and 1gG4) for CD (red) and NCGS (green) patients. Subjects are
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plotted in three dimensions using the first through third principal components (PC1, PC2,
and PC3). F-M) Relationship between FABP2 expression and IgG subclass antibody
reactivity to gluten in CD and NCGS patients. Serum FABP2 concentrations in CD patients
correlated with levels of anti-gliadin IgG3 antibody (H). In contrast, the NCGS cohort was
characterized by a correlation between the levels of anti-gliadin 1gG4 antibody and FABP2
concentration (M) and a weaker correlation between anti-gliadin 1gG1 antibody and FABP2

Q).
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