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Abstract

Coeliac disease (CD) is characterized by the appearance of autoantibodies
against tissue transglutaminase (tTG-Ab). Immunoglobulin A (IgA) tTG-Ab
have been described as excellent diagnostic markers, but the Ig subclass distribu-
tion and the importance of isotype tTG-Ab have not yet been established. In this
study, using newly developed isotype- and subclass-specific radioligand assays,
we examined anti-tTG IgA1, IgA2, IgG1, IgG4 and IgE antibodies in 30
symptomatic, untreated patients with CD and 22 subjects suspected to suffer
from silent CD (sCD). Among 30 patients with CD, 27 (90.0%) were positive
for IgA1 tTG-Ab, whereas only 12 (40.0%) had autoantibodies of the IgA2
subclass (P< 0.001). IgG1, IgG4 and IgE tTG-Ab were detected in 17 (56.6%),
0 and 3 (10.0%) individuals, respectively. IgA1 was also the predominant anti-
tTG subclass in patients with sCD (n¼ 20, 90.1%), followed by IgA2 anti-
bodies (n¼ 7, 31.8%), IgG1 antibodies (n¼ 4, 18.2%), IgG4 antibodies (n¼ 1,
4.5%) and IgE antibodies (n¼ 1, 4.5%). The comparison between both groups
revealed a significantly higher prevalence of IgG1 antibodies in patients with
symptomatic CD (P< 0.01). In 10 of 11 subjects undergoing an intestinal
biopsy, the diagnosis of an sCD was confirmed. In this subgroup, there was a
positive association between the presence of IgA2 and IgG1 tTG-Ab and severe
(Marsh 2–3) mucosal abnormalities. In conclusion, patients with symptomatic
and sCD predominantly have IgA1 tTG-Ab. IgG1 tTG-Ab are associated with
symptomatic disease and, when present in patients with sCD, are correlated with
a severe mucosal destruction. These data suggest that tTG-Ab subclasses could
reflect inflammatory events associated with epithelial destruction.

Introduction

Coeliac disease (CD) is an inflammatory disorder of
the upper small bowel triggered by an intolerance against
the gluten component gliadin. The disease process is
characterized by the intramucosal infiltration of dietary
gluten-specific T lymphocytes, the activation of intestinal
fibroblasts and the appearance of specific autoantibodies
directed to the endomysium (EMA) [1]. After the identi-
fication of the enzyme tissue transglutaminase as the major
target antigen of EMA [2, 3], autoantibodies against tTG
(tTG-Ab) were described as useful diagnostic marker for
silent CD (sCD) and overt CD. Using enzyme-linked
immunoadsorbent assay (ELISA) or radioligand assays,
researchers found that 95–99% of patients with untreated

CD were immunoglobulin A (IgA) tTG-Ab positive, with
a specificity similar to the classical EMA [4–8]. In add-
ition, disease-specific IgG1 subclass EMA and anti-tTG-Ab
were described in about 50% of patients with CD that
were associated with typical histological abnormalities
[9, 10]. However, the presence and the importance of
other anti-tTG Ig subclasses have not been studied thus far.

The formation of antibodies to antigens in the gut is
dependent on the interaction between antigen-presenting
cells (APCs) with T and B cells in the Peyer’s patches as
well as cytokine secretion from lamina propria stromal cells.
Under normal conditions, gut stromal cells as well as regula-
tory T helper (Th) 2 and Th3 cells maintain the tolerance to
dietary antigens and indigenous microorganisms and favour
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IgA class-switching [11–13]. In inflammatory bowel dis-
eases, however, there is evidence for a disturbed T-cell
immunity leading to an activation of cellular immunity
and a shift towards Th1 cells. Several studies conclusively
demonstrate that increased amounts of proinflammatory
cytokines such as tumour necrosis factor-a (TNF-a), inter-
feron-g (IFN-g) and interleukin-18 (IL-18) are expressed
in the lamina propria and in CD-specific T-cell clones
from patients with untreated CD [14–16]. Because pro-
inflammatory cytokines induce the differentiation of B cells
into IgG-producing plasma cells, it could be possible that
the autoantibody isotype and subclass profile serve as
surrogate marker for the activity of CD-associated auto-
immunity and the severity of mucosal damage. Therefore,
we studied the prevalence of anti-tTG IgA subclass anti-
bodies as well as IgG1-, IgG4- and IgE-tTG-Ab in patients
with different forms of CD. We demonstrate a hetero-
geneous Ig response in both symptomatic and sCD that is
dominated by IgA1 and an association between IgG1
antibodies and mucosal damage in patients with silent
disease.

Materials and methods

Subjects. Sera were tested from 30 patients (18 females
and 12 males; age 6–72 years, median 15.5 years) with
untreated CD. Diagnosis was based on jejunal biopsy with
evidence for the typical mucosal lesions [17]. The second
group of patients was recruited from a screening of 415
asymptomatic patients with type 1 diabetes [18–20] who
were detected to be IgA tTG-Ab positive (13 females and 9
males; age 3–19 years, median 11.5 years). These subjects
are at high risk of suffering from silent disease and were
therefore designated as sCD in this study. Parents of 11
children agreed for a duodenal biopsy to be performed to
confirm the diagnosis. Fifty-eight sera from healthy indi-
viduals (35 females and 23 males; age 8–40 years, median
27.0 years) served as controls. The study was approved by
the ethics committee, and informed consent was obtained
from all participants.

Detection of total IgA tTG antibodies. The assays for the
detection of IgA tTG-Ab were performed as described
previously [6, 20]. Briefly, full-length tTG was produced
by in vitro transcription/translation followed by incubation
of radiolabelled tTG (15,000 cpm per probe) with 5 ml of
serum diluted in 50 ml of Tris buffer [20 mM Tris, pH 7.4,
150 mM NaCl, 2 mM ethylenediaminetetraacetic acid
(EDTA), 5 mM benzamidine, 5 mM methionine and
0.5% Triton X-100] at 4 �C. After 16 h, immunocom-
plexes were bound with 20 ml of anti-human IgA-Agarose
(Sigma, St. Louis, MO, USA) for 2 h, transferred to 96-
well filtration plates (Millipore, Bedford, MA, USA),
washed in Tris buffer and directly measured in a 96-well
b-counter (Top Count, Canberra Packard, Groningen,
Netherlands). All measurements were performed in dupli-

cates. In each experiment, the same positive (serum P1)
and negative (serum C1) serum was used as internal con-
trol to calculate antibody levels, expressed in arbitrary units
(AU), as follows: (cpm of test serum� cpm of C1)/(cpm
of P1� cpm of C1)� 100. At the cut-off of 8.3 AU, the
assay has a diagnostic sensitivity of 95.6% and a specificity
of 99.5% [6].

Determinationof isotype- and subclass-specific tTGantibodies.
Isotype antibodies were detected as described previously
[21]. Aliquots of radiolabelled tTG (15,000 cpm) were
incubated with 5ml of serum diluted in 50ml of Tris buffer.
After 12 h at 4 �C, probes were incubated with biotinylated
mouse monoclonal anti-human IgG1 (4.0mg), IgG4
(2.0mg), IgE (5.0mg) (PharMingen, San Diego, CA, USA),
IgA1 (2.5mg) or IgA2 (2.5mg) (Southern Biotechnology,
Birmingham, AL, USA) for 2 h, followed by the addition
of 50ml (50% v/v) of NeutrAvidin agarose (Pierce,
Rockford, IL, USA) for an additional 2 h. Then, probes
were transferred to 96-well filtration plates, washed in Tris
buffer and measured as described above. All samples were
measured in duplicates. Positive and negative standard sera
were included in each assay. All sera were measured using the
same tTG preparation. Values above meanþ 3 standard
deviation (SD) of normal controls were considered to be
antibody positive: IgA1, 977 cpm; IgA2, 841 cpm; IgG1,
1144 cpm; IgG2, 518 cpm; IgE, 511 cpm. At these
thresholds, one control serum was found to be positive for
IgA1, IgA2, IgG4 and IgE tTG-Ab, whereas none of the
sera exceeded the cut-off for IgG1 tTG-Ab.

Intestinal histology. Duodenal biopsies were analysed by
a pathologist according to the Marsh scoring system [22].
Histopathologic changes were graded from normal (Marsh 0),
increased amount of intraepithelial lymphocytes (IEL)
(Marsh 1), increased numbers of IEL plus enlarged crypts
(Marsh 2), flat mucosa and significant alteration of normal
villous or crypt architecture (Marsh 3) and total villous
atrophy (Marsh 4).

Statistical analyses. The significance of differences
between observations was tested using the two-sided Fisher’s
exact test. Analysis of variance (ANOVA) was used for
the comparison of autoantibody levels. A P-value below
0.05 was considered significant.

Results

Tissue TG antibodies in patients with symptomatic CD

Using the total IgA assay, we found that all patients with
CD were positive for tTG-Ab. Among IgA subclasses,
IgA1 was predominant and found in 27 (90.0%) cases,
whereas IgA2 tTG-Ab were detected in only 12 (40.0%)
subjects (P< 0.001) (Table 1). All sera with IgA2 tTG-Ab
were also positive for antibodies to the IgA1 subclass
(Fig. 1). Individual IgA1 tTG-Ab levels were higher in all
but one of the patients as compared with IgA2 levels
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(mean antibody level 2281� 1298 cpm for IgA1 versus
1009� 664 cpm for IgA2) (P< 0.01) (Fig. 2).

IgG1 tTG-Ab were detected in 17 (56.6%) patients
(mean antibody level 1319� 666 cpm), but none of the
patients had IgG4 antibodies and only three (10.0%)
patients had IgE antibodies. All IgG1 antibody-positive
sera were also positive for IgA1 tTG-Ab, and 10 (33.3%)
sera had both IgA2 and IgG1 tTG-Ab (Fig. 1). Antibody
levels did not differ significantly between IgA1/IgA2
double-positive sera, IgA1/IgG1 double-positive sera and
sera with only IgA1 tTG-Ab. There was also no difference
in isotype distribution and antibody levels with respect to
age and gender (Table 1).

Tissue TG antibodies in patients with sCD

Among the subjects with sCD, there was a significantly
higher prevalence of IgA1 tTG-Ab (90.1%) as compared
with IgA2 (31.8%) or IgG1 (18.2%) tTG-Ab (P< 0.001).
Only one patient had IgG4 or IgE tTG-Ab. There was no
serum that was positive for IgA2 or IgG1 antibodies in the
absence of IgA1 tTG-Ab. One serum had both IgA2 and
IgG1 antibodies (Fig. 1).

The highest antibody levels were observed for IgA1
(2858� 1079 cpm), followed by IgG1 (890� 373 cpm)
and IgA2 (717� 347 cpm) (P< 0.001) (Fig. 2). In all
sera, individual titres of IgA1 antibody were higher as
compared with IgA2 tTG-Ab levels. IgG1 antibodies
tend to be more frequent in young children (<10 years)
(44.4% positive) compared to older individuals (0% posi-
tive) (P¼ no significance). There was no correlation of any
isotype or subclass antibody with gender.

Correlation of tTG isotype antibodies with the clinical

presentation

Comparison between patients with symptomatic and sCD
revealed no obvious difference in the prevalence of IgA1,

IgA2, IgG4 and IgE tTG-Ab. However, IgG1 tTG-Ab
were significantly more prevalent in symptomatic CD
(56.6%) as compared with patients with sCD (18.2%)
(P< 0.01).

In the total population, the mean IgA1 antibody levels
were higher in patients with sCD as compared with
patients with symptomatic CD (2281� 1298 cpm versus
2858� 1079 cpm) (P< 0.001). IgA2 and IgG1 were not
different among study groups (IgA2: 1009� 664 cpm ver-
sus 717� 347 cpm; IgG1: 1319� 666 cpm versus
890� 373 cpm). A similar pattern of IgA1, IgA2 and
IgG1 tTG-Ab was observed when only patients with positive
isotype antibodies were analysed [sCD/symptomatic CD:
IgA1 3071� 875 cpm versus 2457� 1246 cpm (P< 0.05);
IgA2 1571� 750 cpm versus 1121� 271 cpm; IgG1
1665� 704 cpm versus 1534� 311 cpm].

Association of isotype antibodies with histology in patients

with sCD

In 11 of the 22 patients with sCD, a jejunal biopsy was
performed. In all but one of the subjects, typical
changes in mucosal histology were observed, confirming
the presence of sCD. Comparison of the tTG-Ab
isotype pattern with the CD severity score revealed
that patients with positive IgA1 antibodies had mucosal
changes ranging from normal mucosa (Marsh 0, n¼ 1),
increased infiltration of IEL but normal mucosal archi-
tecture (Marsh 1, n¼ 1), to destructive mucosal lesions
(Marsh 2, n¼ 4; Marsh 3, n¼ 5). IgG1 as well as IgA2
tTG-Ab were associated with medium (Marsh 2: n¼ 1
IgG1 positive, n¼ 2 IgA2 positive) or severe abnormal-
ities (Marsh 3: n¼ 2 IgG1 positive, n¼ 3 IgA2 posi-
tive), suggesting that the appearance of these isotypes
may reflect an increased inflammatory state of the
immune response.

Table 1 Frequency of tissue transglutaminase (tTG) isotype antibodies among study groups

Prevalence of tTG-Ab isotypes

Subjects Number IgA1 IgA2 IgG1 IgG4 IgE

Coeliac disease 30 27 (90.0%)*y 12 (40.0%)z 17 (56.6%)§{ 0 3 (10.0%)

Females 18 17 (94.4%) 6 (33.3%) 10 (55.6%) 0 1 (5.6%)

Males 12 10 (83.3%) 6 (50.0%) 7 (58.3%) 0 2 (16.7%)

Silent coeliac disease 22 20 (90.1%)** 7 (31.8%) 4 (18.2%) 1 (4.5%) 1 (4.5%)

Female 13 12 (92.3%) 5 (38.5%) 3 (23.0%) 1 (7.7%) 1 (7.7%)

Males 9 8 (88.8%) 2 (22.2%) 1 (11.1%) 0 0

*P< 0.001 versus IgA2, IgG4 and IgE.

yP< 0.01 versus IgG1.

zP< 0.02 versus IgE and IgG4.

§P< 0.01 versus IgG4 and IgE.

{P< 0.01 versus silent CD.

**P< 0.01 versus IgA2, IgG1, IgG4 and IgE.
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Discussion

CD is an autoimmune disorder where the enzyme tissue
transglutaminase has been identified as the major auto-
antigen. In this study, we provide the first data that the tTG
autoantibody response in CD is not restricted to a specific
Ig subclass. We demonstrate a heterogeneous humoral
response with a predominance of IgA1 autoantibodies and
the presence of IgA2 and IgG1 tTG-Ab in a subgroup of
patients. Our data are novel in that we demonstrate for the
first time that IgG1 tTG antibodies were found more
frequently in patients with symptomatic CD, suggesting

that the isotype pattern can provide indirect information on
the immunoregulation of the mucosal CD-specific
inflammation.

IgA, by far the most abundant Ig in humans, is
mainly produced by the mucosal immune system of the
gastrointestinal and respiratory tracts. In the gut, antigens
are presented by M cells or local dendritic cells (DCs),
followed by the activation of T and B cells. The local
regulation of cytokine secretion in mucosal tissues nor-
mally favours the generation of IgA-producing plasma
cells [9, 23]. In line with this concept are the findings of
numerous studies that have shown that CD-specific humoral
autoimmunity, e.g. EMA and tTG-Ab, is predominantly of
the IgA isotype [4–8]. We here demonstrate for the first time
that the IgA reactivity mainly consists of the IgA1 subclass,
whereas IgA2 tTG-Ab were present in subgroups of both
patients with symptomatic and sCD. These findings are in
agreement with those of a study on IgA subclass distribution
of EMA demonstrating positive IgA2 antibodies in only four
of 26 EMA IgA1-positive sera [24].

In this context, it is important that serum IgA2 has a much
higher clearance rate as compared with that of IgA1 [25].
Therefore, serum measurements may underestimate the
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proportion of mucosal, tTG-reactive plasma cells producing
IgA2. There was no obvious difference between anti-tTG
IgA2-positive and -negative subjects with respect to age and
gender, suggesting that the induction of IgA2 antibodies may
be due to differences in thus-far unknown genetic or
immunoregulatory factors. Because it is known that IgA2
subclass-switch is induced by the combined activation of B
cells with IL-10 and transforming growth factor-b (TGF-b)
together with CD40 ligation on specialized APCs, the DCs
[12, 26], it can be speculated that differences in the mucosal
cytokine milieu and DC activation may be involved in the
appearance of IgA2 tTG-Ab.

An interesting finding in several autoimmune diseases
such as type 1 diabetes and bullous pemphigoid was that
the isotype and subclass distribution of autoantibodies can
provide indirect information on the Th1/Th2 balance and
the activation state of T and B cells [21, 27, 28]. There-
fore, we here also studied the relation between IgG4/IgE
and IgG1 subclass autoantibodies, to further characterize
the regulation of the B-cell response in CD. The strictly
IL-4–dependent IgE and IgG4 formation, believed to be
associated with mucosal immunity and/or a predominant
Th2 response [29–31], was found in only a minority of
patients with CD. In contrast, tTG IgG1 were present in
most patients (57% positive), suggesting a polarization of
the tTG-specific T-cell response along the Th1 pathway.
The observed frequency of IgG1 antibodies is in accord-
ance with that observed in studies where IgG1 endomy-
sium antibodies and IgG1 tTG-Ab were described in
about half of the coeliac patients with positive IgA anti-
bodies [9, 10]. The frequency of IgG1 tTG antibodies was
significantly lower in patients with sCD (18%), suggesting
major differences in lymphocyte activation between
patients with symptomatic and sCD. Although longitudinal
studies on changes of the mucosal cytokine-expression
patterns during the natural history of CD are missing,
previous studies in patients with untreated and treated
CD have shown that the severity of morphological
abnormalities is associated with the mucosal lymphocyte-
activation grade [15, 32]. The observed increase of pro-
inflammatory cytokines such as IL-18, TNF-a and IFN-g
in biopsies from patients with CD may contribute one key
microenvironmental signal for B cells to produce IgG1
antibodies [14–16, 23]. In this study, we did not observe
a significant correlation between a specific isotype and the
mucosal damage. In patients with sCD, there was a trend
towards a more severe mucosal injury when IgG1 and
IgA2 tTG-Ab were present, whereas two patients with
positive IgA1 tTG-Ab had a normal histology and a mild
inflammation. All patients with sCD suffer from type 1
diabetes, which could have some influence on the regula-
tion of the mucosal immune response and isotype switch-
ing. To answer the question whether or not IgG1 tTG-Ab
correlate with histology, we require larger studies including
follow-up investigations in nondiabetic patients with sCD.

In conclusion, this study provides the first data on a
heterogeneous IgA and IgG antibody isotype distribution
directed against the self-antigen tTG in CD. Our data
suggest a link between tTG IgA2 and IgG1 subclass anti-
bodies and the clinical presentation. The autoantibody
subclass-switching thus seems to reflect the type of T-cell
activation and can therefore be useful as a diagnostic
marker for risk estimation and the monitoring of interven-
tion studies.
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