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Summary

Anti-tissue transglutaminase 2 (anti-TG2) antibodies are present in the
serum of the great majority of untreated coeliac disease (CD) patients. They
are produced and deposited in the small intestinal mucosa. Potential CD
patients present serum anti-TG2 antibodies higher than cut-off, but a
normal duodenal mucosa where mucosal deposits of anti-TG2 are not always
detectable. The aim of our work was to investigate the presence of anti-TG2
intestinal antibodies in patients with potential CD, and identify the most
sensitive test to detect them. Twelve active CD patients, 28 potential CD
patients and 39 non-CD controls were enrolled. Biopsy fragments from all
patients were analysed by double immunofluorescence to detect mucosal
deposits of anti-TG2 antibodies. Fragments from the same subjects were also
cultured for 24 h with medium in the presence or absence of gliadin pep-
tides. Anti-TG2 autoantibodies secreted into supernatants were measured by
enzyme-linked immunosorbent assay. All active CD, 68% of potential CD
patients and 20% of non-CD controls showed mucosal deposits of immu-
noglobulin (Ig)A anti-TG2; at the same time 100, 96 and 8% of active CD,
potential CD and non-CD control patients secreted these antibodies in
culture supernatants, respectively. Our data showed that, to detect intestinal
anti-TG2 antibodies, the measurement of antibodies secreted into culture
supernatants has higher sensitivity and specificity (97·5 and 92·3%, respec-
tively) than the detection of mucosal deposits (77·5 and 80·0%, respectively).
The measurement of intestinal anti-TG2 antibodies may prove useful in
clinical practice to predict evolution towards mucosal atrophy in potential
coeliac patients and identify patients with gluten sensitivity.
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Introduction

Coeliac disease (CD) is an immune-mediated systemic dis-
order elicited, in genetically susceptible individuals, by
wheat gluten and related proteins of barley and rye [1]. CD
is characterized by the presence of a variable combination
of gluten-dependent clinical manifestations, CD-specific
antibodies, human leucocyte antigen (HLA)-DQ2 and DQ8
haplotypes and enteropathy [2]. It is now clear that, as well
as a spectrum of clinical presentations, there is a wide spec-
trum of alterations of the jejunal histology, ranging from an
infiltrative lesion to villous atrophy [3]. Gluten is able to
induce the production of autoantibodies that can be found

in the serum of CD patients and that have, from a diagnos-
tic viewpoint, a very high sensitivity and specificity [4].
These autoantibodies recognize an endomysial antigen
known today as transglutaminase 2 (TG2) [5]. It is also well
known that in CD patients anti-TG2 autoantibodies are
produced at intestinal level [6], and can be deposited on the
extracellular TG2 in the mucosa of small intestine [7], even
before passing into circulation and being measurable in
serum. These deposits are localized below the basement
membrane, along the villous and crypt and around mucosal
vessels [7]. In our paediatric population, deposits of immu-
noglobulin (Ig)A anti-TG2 are present in 96% of coeliac
patients with overt disease [8].
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Patients with serum positivity for anti-TG2 and normal
duodenal mucosa, or with slight signs of inflammation, are
defined today as potential coeliac patients [2,9]. In this
group of patients intestinal deposits of IgA anti-TG2 are
found less often [8,10]. However, their presence is relevant,
as it has been associated with the risk of developing frank
villous atrophy [10].

Several studies have reported that when specimens of
duodenal mucosa are cultured for 24–48 h in medium alone
and with peptic–tryptic digest of gliadin (PTG) [11,12] or
with peptide 31–43 (P31–43) [13,14], there is a production
of anti-endomysial antibodies in organ culture supernatants
in CD patients, but not in controls.

More recently, similar data have been obtained measur-
ing IgA anti-TG2 antibodies in supernatants of cultured
biopsies from CD patients untreated and on a gluten-free
diet [15–17]. This test has been proposed for diagnostic
purposes, particularly in patients with normal mucosa.
However, in this regard the information on potential CD
patients is poor and scanty.

The aim of our work was to investigate the presence
of anti-TG2 intestinal antibodies in patients with potential
CD, and identify the most suitable detection test for
this purpose. We compared two assays: the search for
intestinal deposits of IgA anti-TG2 and measurement of the
same antibodies in the supernatants after organ culture of
duodenal biopsies.

Patients and methods

Patients

Our study involved 40 patients (29 females, median age 7
years, range 2–17 years) who underwent a small intestinal
biopsy at the Department of Pediatrics, University Fed-
erico II in Naples for suspicion of CD. All patients pre-
sented increased serum levels of anti-TG2 antibodies.
Twelve patients showed total villous atrophy (Marsh classi-
fication grade IIIc) and received a diagnosis of CD on the
basis of diagnostic criteria established by the European
Society for Pediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) [2]. Twenty-eight of 40 patients
showed architecturally normal small intestinal mucosa (11
with grade 0 and 17 with Marsh classification grade I);
they were classified as potential CD patients. Thirty-nine
subjects without coeliac disease (22 females, median age 8
years, range 1–16 years) were enrolled as a control group.
All non-CD patients presented normal serum levels of
anti-TG2 antibodies and architecturally normal small
intestinal mucosa (30 with grade 0 and 9 with Marsh clas-
sification grade I). Twelve of 39 subjects had type 1 diabe-
tes (T1D). The final diagnoses of the remaining 27
subjects were iron deficiency anaemia, failure to thrive,
gastroesophageal reflux and recurrent abdominal pain. IgA
deficiency was excluded.

Written informed consent was obtained by the parents
of the children enrolled. The study protocol was approved
by the Ethical Committee of the University ‘Federico II’
Naples, Italy (CE 230/05).

Duodenal biopsy and organ culture system

During upper gastrointestinal endoscopy, at least five duo-
denal biopsies were taken from all patients. Two fragments
were fixed in 10% formalin, embedded in paraffin, and then
treated for histological analysis. One of the duodenal speci-
mens was embedded in an optimal cutting temperature
compound (OCT; Tissue-Tek, Sakura Finetek Europe BV,
Zoeterwoude, the Netherlands) and stored in liquid nitro-
gen until used. The remaining two fragments were cultured
for 24 h at 37°C in either the presence or absence of P31–43
(0·1 mg/ml)/peptic–tryptic gliadin digest (PTG; 0·5 mg/
ml). Organ culture was performed as reported previously
[18]. After 24 h of culture, the tissues were embedded in
OCT and stored in liquid nitrogen. The culture superna-
tants were collected and stored at -80°C until they were
analysed.

Intestinal deposits of anti-TG2 IgA antibodies

The presence of intestinal deposits of anti-TG2 IgA was
investigated before and after 24 h of organ culture with
P31–43 or PTG or medium alone. Five mm cryostat sections
were stained using a double-immunofluorescence method,
as described previously [19]. The stained sections were
evaluated using a confocal microscope (LSM510; Zeiss
MicroImaging Inc., Milan, Italy).

Measurement of anti-TG2 IgA antibodies secreted into
culture supernatants

Mucosal anti-TG2 IgA antibodies secreted into culture
supernatants were measured in undiluted supernatants by
enzyme-linked immunosorbent assay (ELISA; EU-tTG IgA
kit; Eurospital S.p.A, Trieste, Italy), according to the manu-
facturer’s instructions. When the value of anti-TG2 was
higher than the last point of standard curve, supernatants
were diluted 1:2, 1:4, 1:10 and 1:20 in culture medium.
The cut-off value for anti-TG2 IgA antibodies in culture
supernatants was calculated using supernatants from cul-
tures with medium alone from the 39 controls and was
established as the mean � 2 standard deviations (SD)
(2·8 U/ml).

Statistics

Statistical analysis was performed using GraphPad Prism 4
for Windows, version 4·03. Data with a Gaussian distribu-
tion were compared by Student’s t-test; Pearson’s c2 test was
used for non-normal data; Pearsons’ correlation test was
used to compare titres of anti-TG2 IgA in serum and super-
natants in potential CD patients. A P-value of < 0.05 was
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considered to be significant. The sensitivity and specificity
of the two methods examined were calculated by standard
statistical formulae.

Results

Intestinal deposits of anti-TG2 IgA

Mucosal deposits of anti-TG2 IgA were searched in small
intestinal fragments from 12 untreated CD, 28 potential CD
and 30 control patients. All CD patients (100%) in the
active phase of disease, 19 of 28 (67·8%) potential CD and
six of 30 (20%) non-CD patients were positive. Among
the six positive non-CD subjects, five were T1D patients
and one affected by gastroesophageal reflux. In most poten-
tial positive patients and in the six positive controls a
patchy distribution of mucosal deposits was observed. The
value of serum anti-TG2 in those potential CD patients
(nine of 28) without deposits ranged from 7 to 20·4 U/ml.
Moreover, we confirmed that titres of serum anti-TG2
were statistically lower in patients negative for intestinal
deposits (mean � SD: 13·6 � 5·0 U/ml) than in those posi-
tive (29·8 � 30·3 U/ml, P < 0.05), as shown previously [10].

We also looked for the presence of intestinal deposits in
duodenal fragments after 24 h of in vitro challenge with
P31–43 or PTG, to investigate if gliadin peptides were able
to induce the production and consequently the deposition
of anti-TG2 antibodies. Culture experiments were per-
formed with duodenal fragments from four of 12 untreated
CD (one cultured in the presence of P31–43 and three in
the presence of PTG), 20 of 28 potential CD (16 with
P31–43 and four with PTG) and 14 of 30 control patients
(11 with P31–43 and three with PTG) (Table 1). We found
no significant change in the intensity of mucosal IgA depos-
its in biopsies from active CD cultured with P31–43/PTG
when compared to those cultured with medium alone or in
samples before culture. In 15 of 20 (75%) potential CD
patients a higher intensity of mucosal IgA deposits was seen
in fragments cultured with P31–43/PTG if compared to
medium alone. Moreover, in fragments cultured with P31–
43, 18 of 20 (90%) patients showed mucosal deposits, com-
pared to 12 of 20 (60%; P < 0.02) patients in fragments
cultured in medium alone (Fig. 1). Our data also showed
that after 24 h culture with medium alone a lower intensity

of mucosal deposits was seen in eight of 20 (40%) potential
CD patients compared to what was seen before culture.

IgA anti-TG2 in organ culture supernatants

We investigated the presence of anti-TG2 IgA in superna-
tants obtained after 24-h culture of biopsies from 12 active
CD, 28 potential CD and 39 non-CD patients (Table 1).
Anti-TG2 IgA antibodies in supernatants of biopsies cul-
tured with medium only were higher than cut-off in 12 of
12 (100%) active CD, 27 of 28 (96·4%) potential CD and
three of 39 (7·6%) non-CD patients. All active CD patients
secreted very high titres, ranging from 287·2 to 2020·3
U/ml. Titres of secreted anti-TG2 in potential CD patients
were variable, ranging from 5·75 to 1005 U/ml (Fig. 2), and
were correlated with serum anti-TG2 titres (Pearson’s
r = 0·68, P < 0.0001) (Fig. 3). Of the three positive non-CD
patients, one was a first-degree relative, the second was
affected by T1D and the third was affected by gastroesopha-
geal reflux disease (GERD) and headache. They secreted low
amounts of anti-TG2 (range 3·33–5·02 U/ml). Among these
three non-CD patients the detection of mucosal deposits of
anti-TG2 IgA antibodies in fragments before culture was
positive in only one of three (the T1D patient).

In cultured supernatants of all active CD patients after
24 h P31–43 or PTG in vitro stimulation, anti-TG2 antibod-
ies titres were comparable to those of medium alone. Poten-
tial CD patients showed a wide spectrum of responses after
P31–43/PTG in vitro challenge: the titres of supernatants
anti-TG2 IgA were reduced or stable in six of 28 and 16 of
28, respectively; we found a more than doubled increase in
only six of 28 patients. Among controls, all 36 patients who
were negative for production of anti-TG2 antibodies in
medium alone confirmed their negativity even after stimu-
lation with P31–43/PTG; two of three control patients posi-
tive for secreted antibodies into medium culture were also
positive after PTG stimulation with levels of anti-TG2 IgA
comparable to those of medium alone.

The measurement of anti-TG2 titres in culture superna-
tants seems to be more sensitive and specific than the detec-
tion of mucosal deposits to reveal mucosal production of
anti-TG2 antibodies in coeliac disease, showing a sensitivity
and specificity of 97·5 and 92·3% versus 77·5 and 80%
of mucosal deposits, respectively. Moreover, the rate of

Table 1. Detection of mucosal deposits and measurement of supernatant anti-transglutaminase 2 (TG2) immunoglobulin (Ig)A in the study

population.

Patients

Fragments showing IgA anti-TG2 mucosal deposits Supernatants with anti-TG2 higher than cut-off *

n

Before

culture n

After medium

24 h

After P31–43/

PTG 24 h n Medium

P31–43/

PTG

Active CD 12 12/12 4 4/4 4/4 12 12/12 12/12

Potential CD 28 19/28 20 12/20 18/20 28 27/28 26/28

Non-CD 30 6/30 14 1/14 5/14 39 3/39 2/39

*Cut-off = 2·8 U/ml. CD: coeliac disease; PTG: peptic–tryptic digest of gliadin.

Intestinal anti-tissue transglutaminase antibodies

71© 2012 The Authors
Clinical and Experimental Immunology © 2012 British Society for Immunology, Clinical and Experimental Immunology, 171: 69–75



(a) (b) (c)

(d) (e) (f)

(g) (h) (i)
Fig. 1. Duodenal mucosa from potential

coeliac disease (CD) patient negative for

mucosal deposits of immunoglobulin (Ig)A

anti-transglutaminase 2 (TG2) before (a–c) and

after 24 h culture with medium alone (d–f).

Mucosal deposits of IgA anti-TG2 (in yellow) is

lightly visible after 24-h culture with P31–43

(arrows) (g–i). IgA secreted by plasma cells are

visible in green (b,e,h); TG2 with a subepithelial

localization is shown in red (c,f,i).
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concordance of the two methods compared with serum
anti-TG2 autoantibodies was 78·6% for intestinal deposits
and 94·9% for supernatants anti-TG2, respectively
(P < 0.01).

Discussion

The presence of anti-TG2 antibodies in serum represents a
CD marker [4]. However, intestinal anti-TG2 antibodies
may be even more relevant from a clinical viewpoint. These
antibodies are produced at intestinal level [6], where they
could be deposited even before they appear in circulation
[7,20]. Two aspects can make intestinal anti-TG2 antibodies
relevant: the first is their suggested ability in potential
coeliac patients to predict evolution towards a clear enter-
opathy; the second is their possible role in revealing a con-
dition of gluten sensitivity in patients with absence of
CD-associated autoantibodies in their serum [21,22].
Therefore, it is particularly important to find the most suit-
able assay to detect and measure these antibodies.

In the last 20 years different assays have been used:
measurement in faeces [23] or in intestinal fluids [24],
search in supernatants of cultured biopsy fragments
[11–17] or detection in the same biopsies of deposited
antibodies [16], or expression in phage libraries of RNA,
obtained from biopsies, coding for the antibodies [6,22].
Detection of anti-endomysium antibodies (EMA) and
anti-TG2 IgA antibodies in faecal supernatants from CD
patients was determined to be unreliable as a diagnostic
test [25]. The search for anti-TG2 antibodies in culture
supernatants of intestinal biopsy from CD patients by
ELISA was proposed in particular to improve the accuracy
of CD diagnosis in subjects with mild enteropathy and in
patients negative for serum antibodies [15–17]. More
recently, using immunofluorescence, Korponay-Szabo et al.
[7] showed that IgA deposited in the intestine of CD
patients are directed against TG2. This assay, while having
high sensitivity and specificity for the diagnosis, requires
frozen intestinal samples and highly experienced operators.
By means of phage display libraries, Marzari et al. [6]
showed that anti-TG2 IgA antibodies are synthesized pri-
marily by specific B lymphocytes in the small intestinal
mucosa and that there is a preferential use of heavy chain
variable regions belonging to the VH5 gene family in anti-
bodies from coeliac patients. The intestinal production of
anti-TG2 antibodies has been confirmed recently by
the finding of a high abundance of plasma cells secreting
TG2-specific IgA autoantibodies with limited somatic
hypermutation in CD intestinal lesions [26]. In identifying
patients with gluten sensitivity, the phage display libraries
technique seems to be more sensitive than detection of
mucosal deposits of anti-TG2 antibodies using double
immunofluorescence assay [22]. At the same time, it must
be emphasized that, because of its complexity, this test
cannot be proposed for routine use.

In this study, not using faeces detection and considering
the phage library technique too demanding, we compared
the diagnostic efficiency of the detection of intestinal
deposits of these antibodies and their measurement in
biopsy culture supernatants, particularly in patients with
potential CD. We detected mucosal deposits of anti-TG2
antibodies in 68% of potential CD patients, confirming our
previous findings [8]; at the same time, we showed in the
same patients that a higher number (96%) secreted these
antibodies into culture supernatants. The titres of secreted
anti-TG2 antibodies of potential CD patients were lower
than those observed in active CD patients and correlated
significantly with serum titres. It is likely that a correlation
exists between intestinal antibody titres and severity of
mucosal damage. In our hands, the assay showed a sensitiv-
ity and specificity of 97·5% and 92·3%, respectively, differ-
ing from the search of mucosal deposits that showed
sensitivity and specificity of 77·5% and 80%, respectively, in
the same population. Furthermore, the measurement of
anti-TG2 antibodies secreted into culture supernatants is
performed by ELISA, so it is objective and not influenced by
the operator’s ability for the detection of mucosal deposits.

Our data also showed that gliadin peptides do not influ-
ence intestinal anti-TG2 antibody production in patients
with active CD and, as expected, in control subjects. Moreo-
ver, the intensity of mucosal deposits seemed to increase in
potential CD patients in response to culture with gliadin
peptides, while in the majority of patients the titres of
secreted autoantibodies did not show a substantial increase.
Stimulation of specific B lymphocytes could induce produc-
tion of the anti-TG2 antibodies that bind the tissue-
transglutaminase and increase deposits signalling without
increasing the titres in culture supernatants.

As mentioned previously, the clinical relevance of detect-
ing intestinal anti-TG2 antibodies resides in their ability to
predict evolution to mucosal damage and in identifying
subjects with gluten sensitivity. In the first case, the presence
of intestinal deposits of anti-TG2 seems to be a marker of
forthcoming overt CD [10,27] in patients with normal
intestinal mucosa. This ability, if confirmed by larger
studies, could help to solve the vexed question of whether or
not potential CD patients must be put onto a gluten-free
diet or remain on a gluten-containing diet. Currently, our
centre’s policy is to leave asymptomatic potential CD
patients on a gluten-containing diet and follow them over
time. With regard to the state of gluten sensitivity, impor-
tant observations have been made measuring antibodies in
intestinal fluids and using the phage library technique.
Using the first approach, patients with gluten sensitivity
were identified among patients with irritable bowel syn-
drome who presented these antibodies in intestinal fluids,
but not in serum [28]. Recently, Not et al. [22] have
reported that a large proportion of DQ2/DQ8-positive rela-
tives of CD patients with normal mucosa and without
measurable serum levels of anti-TG2 produce these
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antibodies in the intestine in response to gluten. We showed
that two of the three patients in the control group who
secreted anti-TG2 into culture supernatants were, in one
case, a first-degree relative and in the second case a patient
affected by type 1 diabetes. This last finding is not surpris-
ing, as we have already demonstrated that patients with type
1 diabetes, without serum anti-TG2 and with normal duo-
denal mucosa, produce and deposit anti-TG2 antibodies in
their small intestinal mucosa [29]. Finally, in the third case,
there was little clinical evidence to support a condition of
non-coeliac gluten sensitivity (NCGS). All the patients had
normal anti-gliadin levels. So far, this is the only candidate
marker of such a condition [30]. In this context, the pres-
ence of intestinal autoantibodies against TG2 should be
assessed.

In conclusion, in this work we have demonstrated
that to detect intestinal anti-TG2 antibodies, the sensitivity
and specificity of the anti-TG2 supernatant are higher
than those of mucosal deposits. This test could prove
useful in clinical practice to predict evolution to mucosal
atrophy in potential coeliac patients and to identify
patients with gluten sensitivity who lack CD-associated
serum autoantibodies.
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