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Transglutaminase 2 is a multifunctional protein involved in cellular adhesion. Moreover,
transglutaminase 2 has been identified as the autoantigen in celiac disease, and in untreated
celiac disease, in addition to being present in the serum, the transglutaminase 2-targeted
autoantibodies are bound to their antigen in the basement membrane underlining the small-
bowel mucosal epithelium. Furthermore, the disease-specific transglutaminase 2-targeted
autoantibodies have been experimentally shown to exert various biological effects on different
cell types. Using Caco-2 intestinal epithelial cells, it has now also been demonstrated that serum
transglutaminase 2-targeted autoantibodies from untreated celiac patients inhibit the adhesion
of these cells. These findings provide an important direction for future research to improve our
general understanding of celiac disease pathogenesis and especially the role of the disease-specific

autoantibodies during the progression of the disorder.
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The mucosal immune response is considered a
central event in the pathogenesis of celiac disease,
an enteropathy triggered by a single and well-char-
acterized exogenous antigen — gluten — derived
from dietary wheat, rye and barley. Ingestion of
gluten by celiac patients leads to the development
of small intestinal villous atrophy, crypt hyper-
plasia and inflammation paralleled by the appear-
ance of clinical symptoms such as malabsorbtion
and diarrhea. Both innate and adaptive immune
responses are thought to contribute to the devel-
opment of the disease-characteristic small-bowel
mucosal lesion. Gastrointestinal enzymes are not
able to completely proteolyse gluten-derived glia-
din, and thus even fairly long peptides reach the
small intestine. Once they have gained access to
the lamina propria, a subset of the gliadin peptides
are post-translationally modified, namely deami-
dated, by an enzyme called transglutaminase 2
(TG2), and this event is considered to be the cor-
nerstone in the activation of the adaptive immune
system [1]. Experimental evidence also points to
autoimmunity as a contributor in celiac disease.
Celiac disease autoimmunity is best exemplified

by the presence of disease-specific endomysial
autoantibodies, which have experimentally been
shown to target TG2 [2]. The significance of these
autoantibodies in the pathogenesis of celiac dis-
ease remains a controversial issue, although there
are data from cell based experiments demonstrat-
ing their ability to induce biological effects in
many different cell types [1].

The celiac disease autoantigen, TG2, is a
ubiquitously expressed protein with a number
of functions in several cellular processes, such
as apoptosis, fibrosis, wound healing and adhe-
sion [3]. Its enzymatic functions include the
aforementioned deamidation, as well as trans-
amidation. TG2-mediated transamidation reac-
tions can lead to acylation, amine incorporation
or protein cross-linking, the latter being involved
in cell adhesion by taking part in extracellular
matrix protein cross-linking [3]. However, the
protein has also been ascribed a role in adhe-
sion independent of its enzymatic functions.
TG2 interacts with fibronectin and functions
as its integrin-binding adhesion coreceptor [4].
Moreover, TG2 is directly associated with
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heparin sulfate chains of syndecan-4, this interaction being of
major importance in integrin-independent adhesion [s].

In the small intestinal mucosa, epithelial cells are attached to the
basement membrane situated directly beneath them. The subepi-
thelial basement membrane consists of numerous proteins, includ-
ing fibronectin and TG2, and interestingly, celiac patients have
TG2-targeted IgA-class autoantibodies deposited there [6]. In spite
of the overall importance of the basement membrane and especially
TG2 in adhesion, investigators have not addressed the effect of
celiac disease-specific TG2-targeted autoantibodies on intestinal
epithelial cell adhesion. A recent study published by Teesalu and
coworkers has now addressed this issue and described how celiac
patient TG2-autoantibodies influence intestinal epithelial cell
adhesion [7].

Methods & results

In the study in question, Teesalu and colleagues tested the effects
of untreated celiac patient serum samples and affinity-purified
TG2 antibodies on the binding of heparin/heparin sulfate with
TG2 in vitro 7). In addition, they investigated whether the same
celiac patient-derived samples affected the integrin-dependent
and -independent adhesion of Caco-2 intestinal epithelial cells
to the fibronectin-TG2 matrix and studied whether these effects
correlated with the transamidation activity of TG2.

It emerged that both celiac patient serum and affinity-purified
anti-TG2 antibodies with high anti-TG2 antibody titers signifi-
cantly inhibited TG2 binding to heparin and heparin sulfate,
implying that celiac autoantibodies might block the TG2 region
responsible for the interaction with heparin or heparin sulfate.
As heparin sulfate residues are involved in integrin-indepen-
dent adhesion to fibronectin-TG2, the authors next investi-
gated whether celiac patient autoantibodies modulate intestinal
Caco-2 epithelial cell adhesion. As expected, blocking the integ-
rin $1/B3/PB5 fibronectin interaction with an arginine—glycine—
aspartic acid peptide reduced the amount of intestinal Caco-2
epithelial cells adhering to fibronectin and to a lesser extent to the
fibronectin-TG2 surface. Celiac patient serum and serum-derived
affinity-purified TG2 autoantibodies with high autoantibody
titers further decreased this integrin-independent cell attach-
ment to the fibronectin-TG2 matrix. Interestingly, however,
celiac patient serum and serum-derived affinity-purified TG2-
autoantibodies also reduced the integrin-dependent adhesion to
fibronectin-TG2. It is of note that such inhibitory effects were
apparent only when celiac patient samples were preincubated with
the fibronectin-TG2 matrix and not the cells. Likewise of note
was the absence of correlation of Caco-2 cell attachment with the
transamidation activity of TG2 in the presence of celiac patient
samples, as neither celiac serum nor affinity-purified serum TG2-
autoantibodies affected TG2 activity. Collectively, these data
suggest that untreated celiac patient TG-2 autoantibodies reduce
both integrin-dependent and -independent intestinal epithelial
cell adhesion by targeting extracellular, rather than cell surface,
TG2. Moreover, the effects of celiac TG2-autoantibodies on
cellular adhesion are not accounted for by the transamidation
activity of TG2.

Discussion

In the study under evaluation Teesalu and colleagues demonstrate
that celiac patient serum and serum-derived affinity-purified
TG2 autoantibodies affect the interaction of TG2 with heparin/
heparin sulfate, and further that intestinal epithelial adhesion to
fibronectin-TG2 is affected by the antibodies [7].

Celiac patient autoantibodies have previously been reported to
modulate several cellular processes, for instance to inhibit angio-
genesis and increase vascular permeability [8.9]. In addition, several
studies have addressed the effects of the disease antibodies on
intestinal epithelial cell behavior. The antibodies have been shown
to reduce intestinal epithelial cell endocytosis [10] and differentia-
tion [11], to increase proliferation [11,12], to decrease the intestinal
epithelial barrier function in general 13] and to enhance epithelial
translocation of gliadin peptides [14]. However, not all of the above
effects can be categorically attributed to TG2-targeted autoanti-
bodies, as some of the experiments in question were performed
with total serum IgA or other types of affinity-purified antibod-
ies. This notwithstanding, the article by Teesalu and cowork-
ers increases our understanding of the biological effects of celiac
patient antibodies on intestinal epithelial cells 7).

The authors report that celiac patient anti-TG2 autoantibod-
ies had no effect on the transamidase activity of TG2, and it is
therefore unlikely that the decreased Caco-2 cell adhesion in the
presence of celiac autoantibodies is related to TG2 activity. Their
results are thus in line with those of previous studies reporting
the adhesion-promoting effect of TG2 to be independent of its
enzymatic activity [415]. In contrast to the authors’ findings [7)
there are also results showing that celiac patient serum antibod-
ies, as well as TG2-specific celiac patient autoantibodies, either
enhance [9.14,16,17) or diminish [10,18,19] the enzymatic activity of
TG2. Moreover, some celiac patient serum antibody-induced
effects, for example, increased epithelial translocation of glia-
din peptides, can be circumvented by enzymatic inhibition of
TG2 14]. It would thus appear that distinct effects of celiac patient
serum antibodies on cellular behavior are mediated by different
functions of TG2.

Regardless of the precise mechanism by which the celiac
patient anti-T'G2-autoantibodies reduce intestinal epithelial cell
adhesion, the findings of Teesalu and colleagues have important
implications for disease pathogenesis (7). It has been reported
that in the small-bowel mucosa of untreated celiac patients, the
epithelium tends to blister or totally detach from the basement
membrane [20], and the authors here provide a possible explana-
tion for this phenomenon [7]. As they themselves hypothesize, it
can be envisaged that the binding of celiac patient TG2-specific
autoantibodies to basement membrane TG2 could hinder the
interaction of TG2 and cell surface heparin sulfate proteoglycans
such as syndecans. This could lead to loosened adhesion of the
epithelium to the underlying basement membrane and eventually
to epithelial blistering.

Five-year view
Celiac disease is a relatively well-characterized autoimmune dis-
ease, since the environmental trigger (i.e., gluten), autoantigen
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(TG2) and the function of the major genetic component
(i.e., the HLA molecules) in the pathogenesis are already known.
However, although there are publications available demonstrat-
ing that the disease-specific TG2-autoantibodies exert biological
effects in several cell types, their precise contribution to the
pathogenetic process is not yet completely understood. In the
next few years, the increase in the number of available research
tools and methods will presumably serve to increase knowledge
of the effects of the disease-specific autoantibodies. The paper
by Teesalu and colleagues demonstrating that celiac disease-
specific TG2-targeted autoantibodies affect intestinal epithe-
lial cell adhesion has indeed already provided new insight in
this regard [7]. Issues arising from the article and calling for
future attention include, for instance, the question of whether
the defective adhesion induced by celiac autoantibodies modu-
lates the composition of the extracellular matrix or the basement
membrane and what the pathways by which the autoantibodies
exert their functions are.

Allin all, our understanding of celiac disease pathogenesis, and
of the contribution of the disease-specific autoantibodies, which
may well be substantially increased within the next 5 years, will
provide a foundation for the design and development of novel
treatment options for celiac disease. At the same time the basic
scientific findings can be translated in the long-run to the clinical
care of celiac disease patients.
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Key issues

e Untreated celiac patient serum and affinity-purified serum transglutaminase 2 (TG2)-autoantibodies with high antibody titers reduce

TG2 binding to heparin/heparin sulfate.

¢ |ntestinal Caco-2 epithelial cell adhesion to fibronectin-TG2 is reduced in the presence of serum and TG2-autoantibodies derived from

untreated celiac patients.

e Celiac patient autoantibodies targeting TG2 may contribute to the epithelial blistering/detachment known to occur in celiac disease.
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