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Summary

It has always been known that anti-tissue transglutaminase 2 (anti-TG2)
antibodies are produced in the small intestine. Their serum titres correlate
with mucosal damage degree and decrease on a gluten-free diet (GFD).

We aimed to correlate intestinal anti-TG2 antibodies levels with degree of
mucosal damage and GFD duration.

Thirty-four active, 71 potential and 24 CD patients on GFD for at least 2
years were enrolled. Anti-TG2 deposits were detected in intestinal biopsies by
double immunofluorescence. Biopsies were cultured for 24 h with medium,
and with gliadin peptic tryptic digest (PTG) or A-gliadin peptide 31–43
(P31-43). Anti-TG2 antibodies secreted into supernatants were measured by
enzyme-linked immunosorbent assay (ELISA). All active CD patients
secreted high titres of anti-TG2 antibodies into culture medium that
increased with the worsening of mucosal injury (Spearman’s r = 0·71;
P < 0·0001). Seventy of 71 potential CD patients and 15 of 24 treated CD
patients secreted low titres of anti-TG2 antibodies into supernatants, eight of
nine negative treated patients being on GFD for more than 10 years. An
inverse correlation between antibody titres and duration of GFD was found,
(Spearman’s r = −0·52; P < 0·01). All active, 53 of 71 potential and six of 24
treated, CD patients showed anti-TG2 mucosal deposits. Five of six positive
treated CD patients had been on GFD for fewer than 6 years and were also
positive for secreted anti-TG2. In treated patients, PTG/P31-43 was not able
to induce secretion of anti-TG2 antibodies into culture medium.

Measurement of anti-TG2 antibodies in biopsy supernatants proved to be
more sensitive than detection by immunofluorescence to reveal their intesti-
nal production. Intestinal antiTG2 antibodies titres correlated positively
with the degree of mucosal damage and inversely with the duration of GFD.
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Introduction

Coeliac disease (CD) is a T cell-mediated inflammatory dis-
order of the small intestine caused by gluten in genetically
susceptible individuals [1]. CD is characterized by highly
specific autoantibodies directed against transglutaminase 2
(TG2) [2]. It is now well known that serum levels of anti-
TG2 correlate with intestinal damage [3,4]. This finding has
been considered in the recently revised European Society
for Paediatric Gastroenterology Hepatology and Nutrition

(ESPGHAN) criteria, and used to avoid biopsies in sympto-
matic patients with high titres of anti-TG2 [5]. CD-specific
autoantibodies disappear from serum after the beginning of
a gluten-free diet (GFD) [6].

Anti-TG2 antibodies are found both in blood and small
intestine, where they are produced, and have been shown to
co-localize with extracellular TG2 in the active phase of the
disease [7]. In recent decades several techniques have been
used to reveal intestinal production of anti-TG2 antibodies,
such as measurement in faeces [8] or duodenal juice [9], or
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in supernatants of cultured biopsies [10–12], the detection
of mucosal deposits [7] or of plasma cells secreting them
[13] and their expression by phage display library of RNA
coding [14]. Some assays were considered unreliable as
diagnostic tests [15]; others, even if with high diagnostic
sensitivity and specificity, too demanding to be performed
routinely [14].

Recently we have demonstrated that the measurement of
antibodies released into culture supernatants is more sensi-
tive than detection of their deposits to assess intestinal pro-
duction of anti-TG2 in patients with potential CD [16].
Picarelli et al. have shown recently that the organ culture
system is a useful tool to assist the histology in diagnosing
CD, mainly in cases without villous atrophy or in seronega-
tive patients [17]. Concerning patients on a gluten-free diet
(GFD), the same authors showed that anti-endomysium
(EMA) was not found in supernatants of biopsy samples
cultured with medium alone, but was detected when biopsy
samples from the same patients were treated with gliadin
peptides [18]. Furthermore, Maki et al. [19] showed that, in
the organ culture system conducted with biopsies of treated
CD patients, gliadin induced secretion of autoantibodies
into culture supernatants, reduced epithelial cell height and
increased the density of lamina propria CD25+ cells.
However, these changes could be demonstrated only in
biopsies from CD patients who had recently started a GFD,
in when the small-intestinal mucosal TG2-specific IgA
autoantibody deposits were still present.

It is well known that the disappearance of serum anti-
TG2 is observed progressively after the beginning of a GFD.
It has been considered a useful tool to evaluate the diet
compliance, although it is not yet clear if it is helpful to
assess complete histological recovery [20].

The aims of our study were to correlate, in coeliac
patients, the titres of intestinal antibodies and the degree of
mucosal damage and to investigate the effect of GFD on
their intestinal production.

Material and methods

Patients

One hundred and twenty-nine CD patients were enrolled at
the Department of Medical Translational Sciences, Section
of Pediatrics, University Federico II in Naples. One hundred
and five patients (range 2–16 years, mean = 6 years) under-
went a small intestinal biopsy because of clinical suspicion
of CD. They had serum levels of anti-TG2 over the cut-off
(7 U/ml) and/or positive EMA antibodies. Thirty-four of
105 patients showed villous atrophy with a grade Marsh 3
(Marsh 3a, n = 13; 3b, n = 11; 3c, n = 10) [21]; they received
a diagnosis of CD. Seventy-one of 105 patients showed an
architecturally normal intestinal mucosa with a grade of 0/1
(Marsh 0, n = 34; 1, n = 37); they were coded as potential
CD patients. Twenty-four of 129 patients (range 8–48 years,

mean = 19 years) on a GFD for at least 2 years also under-
went a small intestinal biopsy. All patients on a GFD had
architecturally normal intestinal mucosa (Marsh 0, n = 10;
1, n = 14) and serum levels of anti-TG2 below the cut-off.
At the time of their initial diagnosis, four of 24 patients
were potential CD and when they started the GFD pre-
sented a mucosa with Marsh 0 or 1 lesion; in fact, they were
put on a GFD because of clinical symptoms that disap-
peared after beginning the GFD. Immunoglobulin (Ig)A
deficiency was excluded in all patients.

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, paraffin-embedded and then
treated for histological and morphometric analysis. Moreo-
ver, for potential CD patients, 4-μm-thick paraffin
haematoxylin-stained sections were used to evaluate villous
height crypt depth ratio (Vh/CrD); Vh/CrD ≥ 2 was consid-
ered normal [22]. One of the duodenal specimens was
embedded in a cryostat-embedding medium (Killik; Bio-
Optica, Milan, Italy) and stored in liquid nitrogen until
used. The remaining fragments were cultured for 24 h at
37°C with medium alone. Moreover, fragments from CD
patients on a GFD were cultured for 24 h either in the pres-
ence or absence of peptic–tryptic digest of gliadin (PTG,
1 mg/ml) or A-gliadin peptide P31-43 (100 μg/ml). Organ
culture was performed as reported previously [23]. After
24 h of culture, the tissues were embedded in optimal
cutting temperature (OCT) and stored in liquid nitrogen.
The culture supernatants were collected and stored at −80°C
until analysed.

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, Trieste, Italy), according to the manufactur-
er’s instructions. When the value of anti-TG2 was higher
than the last point of standard curve, supernatants were
diluted 1 : 10 in culture medium. The cut-off value for anti-
TG2 IgA antibodies in culture supernatants was 2·8 U/ml,
as calculated previously in our laboratory [16].

Detection of intestinal deposits of anti-TG2 IgA
antibodies and immunohistochemistry

The presence of intestinal deposits of anti-TG2 IgA was
investigated in non-cultured fragments from all CD
patients. Five-μm cryostat sections were stained using a
double-immunofluorescence method, as described previ-
ously [24]. The stained sections were evaluated using a
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confocal microscope (LSM510; Zeiss, Oberkochen,
Germany). Immunohistochemical stainings for CD3+ and
γδ-T cell receptor (TCR)+ intraepithelial lymphocytes and
CD25+ lamina propria mononuclear cells, as well as evalua-
tion of cell densities, were performed in potential CD
patients, as reported previously [25].

Statistics

Statistical analysis was performed using GraphPad Prism 4
for Windows, version 4·03 (GraphPad Software, San Diego,
CA, USA). Quantitative data were expressed as medians.
The Mann–Whitney U-test was used to compare titres of
anti-TG antibodies in supernatants between the groups. A
paired t-test was used to compare changes of anti-TG2 titres
in supernatants after culture with PTG/P3143 within the
group of CD patients on a GFD. Spearman’s correlation was
used to compare anti-TG2 titres in supernatants and labo-
ratory values as Vh/CrD ratios, CD3+ intraepithelial lym-
phocyte (IEL) density, γδ-TCR+ IELs density and CD25+

mononuclear cells in potential CD patients. Moreover,
Spearman’s correlation was used to compare anti-TG2 titres
in supernatants and duration of the GFD in treated CD
patients and to compare anti-TG2 secreted into culture
medium and degree of villous atrophy (according to Marsh
classification) in active CD patients. A P-value < 0·05 was
considered statistically significant.

Stepwise canonical discriminant analysis was adopted to
select variables that discriminated between the three groups
of cases. Wilks’ lambda was used to estimate the capacity of
each variable to discriminate among the three groups,
ranging between 0 and 1, where 1 = complete overlap and
0 = complete separation. The stepwise multivariate proce-

dure selects the first variable that minimizes Wilks’ lambda,
then includes the subsequent variables progressively,
according to their contribution to lowering Wilks’ lambda.
The variance ratio F provides an estimate of each variable’s
contribution to the discrimination between groups.

Ethical approval

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

Results

IgA anti-TG2 in culture supernatants

All CD patients in the active phase of disease secreted high
titres of anti-TG2 antibodies into culture supernatants
(range 15·3–2000 U/ml; median = 222·1 U/ml) (Fig. 1). The
antibody titre increased gradually with the worsening of
mucosal injury; that is, from grade Marsh 3a to 3c lesion
(Fig. 2), with a Spearman’s correlation coefficient = 0·71
(P < 0·0001). All potential CD patients, except one, secreted
anti-TG2 antibodies into culture supernatants. The anti-
body titres were variable, ranging from 4·2 to 1247·0 U/ml
(median = 26·4 U/ml) (Fig. 1); however, there was no statis-
tical difference between Marsh 0 and 1 lesions (Marsh 0
median = 29·9; 1 = 23·8; P > 0·05) and between potential
and Marsh 3a CD patients (Fig. 2). Moreover, titres of
secreted anti-TG2 correlated with serum titres of anti-TG2
(Table 1), confirming our previous data [16]. In 62 poten-
tial CD patients an immunohistochemical analysis of intes-
tinal biopsies was performed and the correlation between
the antibody titres of anti-TG2 secreted into culture super-
natants with other parameters such as villous height/crypt
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Fig. 1. Titres of anti-transglutaminase 2 (TG2) immunoglobulin

(Ig)A, expressed as U/ml, in medium culture supernatants. The dotted

line represents the cut-off of 2·8 U/ml; horizontal lines represent

median values. The y-axis is divided into three segments in the same

graph to also show the low titres of anti-TG2 secreted into culture

medium by potential and treated coeliac disease (CD) patients. GFD,
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Fig. 2. Anti-transglutaminase 2 (TG2) immunoglobulin (Ig)A,

expressed as U/ml, secreted into culture medium by active (Marsh 3a,

3b, 3c) and potential (Marsh 0, 1) coeliac disease (CD) patients

according to grade of mucosal lesion. *P < 0·05; ***P < 0·001;

Mann–Whitney U-test.
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depth ratio, density of intraepithelial lymphocytes CD3+,
γδ-TCR+ and the CD25+ mononuclear cell density in lamina
propria was evaluated. Our data showed that only lamina
propria CD25+ mononuclear cell density was correlated
with increased levels of secreted anti-TG2 antibodies
(Spearman’s correlation coefficient = 0·25; P < 0·05)
(Table 1).

When CD patients on a GFD were considered, 15 of 24
secreted low titres of anti-TG2 antibodies (range 3·3–
27·2 U/ml; median = 4·35 U/ml) (Fig. 1). Antibody titres
did not correlate with the mucosal lesion degree (Spear-
man’s r = 0·02, P = 0·9). Eight of nine negative patients had
been on a GFD for more than 10 years. The ninth negative
patient had been on GFD for less than 2 years, but he had a
Marsh 1 lesion at diagnosis. All four patients in remission
who had Marsh 0/1 mucosa when put on a GFD (potential
CD patients) produced lower titres of anti-TG2 compared
to patients with similar duration of the GFD but with
Marsh 3 mucosal lesion at the time of diagnosis. Only one
patient on GFD for 12 years continued to produce low
amounts of anti-TG2 antibodies (4·34 U/ml). He also had
type 1 diabetes. There was an inverse correlation between
antibody titres and duration of GFD (Spearman’s correla-
tion coefficient = −0·52, P < 0·01).

Finally, CD patients on a GFD did not show a significant
increase in antibody titres after in-vitro challenge with PTG
or P31-43. PTG/P31-43 stimulation was not able to induce
an increase of anti-TG2 antibody secretion into culture
supernatants of small intestinal fragments, even in the nine
patients with no basal production of intestine anti-TG2
antibodies (data not shown).

Intestinal deposits of anti-TG2 IgA

Mucosal deposits of IgA anti-TG2 were detected in duode-
nal mucosa of all active and 53 of 71 potential CD patients.
Among the 18 potential CD patients without mucosal
deposits, only one was also negative for supernatant

anti-TG2. Considering CD patients on a GFD, six of 24
showed mucosal deposits. Five of six had been on a GFD for
less than 6 years and secreted anti-TG2 into culture
medium, with titres ranging from 22 to 27 U/ml. The last
patient (also affected by type 1 diabetes) had been on a
GFD for 12 years. Patients on a GFD with mucosal deposits
secreted anti-TG2 into culture supernatants with levels
higher than the patients without them (P < 0·01, Fig. 3).
Moreover, the intensity of mucosal deposit staining of IgA
anti-TG2 was correlated directly with titres of secreted anti-
TG2 (Spearman’s r = 0·63, P < 0·001).

A concordance of 76·7% was observed between the two
techniques used to evaluate the mucosal production of anti-
TG2 antibodies in our study population.

Multivariate discriminant analysis

As described in the Methods, we attempted a multivariate
discriminant analysis in order to identify those variables
that, in the multivariate model, are the most efficient to dis-
criminate among groups. As shown in Table 2, Wilks’
lambda was lowered exclusively by the two variables related
to the production of anti-TG2 in the mucosa (mucosal
deposits and anti-TG2 production into culture superna-
tants). The anti-TG2 antibody level in the serum did not
add any significant improvement to the discriminating
function after inclusion of the above variables.

By using the discriminant equation obtained, it is possi-
ble to allocate each individual case to the group for which
he has the highest probability computed by the two selected
variables. When we compared active and potential cases,

Table 1. Spearman’s correlation between titres of anti-

transglutaminase 2 (TG2) secreted into culture supernatants by poten-

tial coeliac disease (CD) patients and markers.

Marker Spearman’s r coefficient P

Vh/CrD −0·19 0·155

CD3+ density 0·22 0·084

γδ-TCR+ density 0·19 0·138

CD25+ density 0·25 <0·05

Anti-TG2 in serum 0·34 <0·01

Vh/CrD, villous height crypt depth ratio; CD3+, intraepithelial lym-

phocytes; γδ-TCR+, intraepithelial lymphocytes express the gamma/

delta T cell receptor; CD25+, activated lamina propria mononuclear

cells.
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73·5% of active CD were identified correctly by the equa-
tion versus 95·8% of potential cases. The equation was obvi-
ously less efficient to discriminate potential from remissions
(65 versus 79·2%).

Discussion

High titres of anti-TG2 antibodies are found in the serum
of most coeliac patients. They are related to mucosal
damage severity and disappear from the serum in patients
on a GFD. Anti-TG2 antibodies are synthesized in the intes-
tinal mucosa and, as described previously, several tech-
niques have been devised to prove this. To identify the most
suitable test for detection of the intestinal production of
anti-TG2 antibodies, we have recently compared two of
these techniques in potential CD patients: the search for
anti-TG2 intestinal deposits and measurement of the same
antibodies secreted into supernatants after organ culture
[16]. Our data showed higher sensitivity and specificity of
the anti-TG2 dosage into culture supernatant for this
purpose [16]. This test is objective, not bound to operator
experience, not too demanding and not expensive.

In this study, we confirmed previous results and showed
for the first time that there was a correlation between levels
of intestinal anti-TG2 antibodies and severity of mucosal
damage. A similar correlation has already been found
between serum anti-TG2 antibody levels and duodenal his-
tology in paediatric [20,26] and adult [26,27] coeliac popu-
lations. However, our data showed that the intestinal
production of these autoantibodies correlated with mucosal
lesion degree only in active CD. Potential CD patients with
Marsh 0 mucosa produced titres of intestinal anti-TG2 anti-
bodies comparable to those with Marsh 1. Moreover, in this
potential coeliac population intestinal anti-TG2 titres corre-
lated with an increased number of CD25+ mononu-
clear cells in lamina propria, a proven marker of mucosa
inflammation [28].

Furthermore, we investigated intestinal production of
anti-TG2 with the same two assays in CD patients on a GFD
for at least 2 years. Two-thirds (63%) of patients on a GFD
secreted low amounts of these autoantibodies, while
mucosal deposits were detected in fewer than one-third

(25%) of patients. This means that in most cases anti-TG2
antibodies, when produced, do not accumulate as mucosal
deposits; in these cases the absence of mucosal deposits
could depend upon the low titres and decreasing affinity of
anti-TG2 antibodies for their antigen as a consequence of a
long period of GFD. In our hands, anti-TG2 detection in
culture medium seems to be more sensitive in revealing
their intestinal production. Studies on the follow-up of CD
patients on GFD [29–31] have shown that titres of circulat-
ing anti-TG2 antibodies decreased significantly during the
first 12 months of the diet and then disappeared in the next
12 months. The disappearance of serum CD-specific
autoantibodies was correlated with GFD compliance, but
not always associated with the total recovery of small intes-
tinal mucosa [20]. Our data appear to show that the early
disappearance of circulating specific CD autoantibodies,
following a strict GFD, does not mean the end of their
intestinal production. After the disappearance from serum,
anti-TG2 antibodies as deposits would disappear slowly
from the intestine, and only after a long period of GFD,
small intestinal mucosa would cease to produce them.

Anti-TG2 antibodies in coeliac mucosa are produced by
TG2-specific plasma cells that reduce their number on GFD
[13]. The density of these intestinal plasma cells in treated
CD patients is lower than in active CD, but higher than in
non-CD subjects. Recent evidence [13,32] shows that
secreting plasma cells from human intestine can live in vitro
for several weeks and could potentially live in vivo for
months or years, thanks to a microenvironment favourable
to their long-term survival. Only after a long period of GFD
do these secreting cells disappear and, as result, intestinal
anti-TG2 production ends.

Finally, our data show that in vitro 24-h PTG stimulation
was not able to induce a statistically significant increase of
antibody secretion in short-term GFD CD patients as well
as in patients on long-term GFD. The ability of gliadin
peptides to induce antibody secretion (EMA and/or anti-
TG2 antibodies) into supernatants of cultured biopsies
from treated CD patients has been investigated widely in
the last 20 years, with contradictory results [14,17–19].
Maki et al. [19] hypothesized that secretion of specific CD
autoantibodies from cultured small intestinal biopsies of
treated CD patients is related to the presence of anti-TG2
mucosal deposits that are usually detected in those patients
who have been on a GFD for a short time-period. Our data
appear to show that secretion of anti-TG2 antibodies is
detected regardless of the presence of mucosal deposits.
Absence or a very low density of TG2-specific plasma cells
and/or the short duration of organ culture might explain
the inability of gliadin peptides to stimulate antibody secre-
tion in treated CD patients.

In conclusion, our results show that the measurement of
intestinal antibodies in biopsy supernatants represents a
valid, quantitative test to investigate the production of these
autoantibodies at each stage of disease. In our hands, it is

Table 2. Multivariate discriminant analysis.

Variables entered/removed†,‡

Step Entered

Wilks’ lambda

Statistic

Exact F

Statistic Sig.

1 Mucosal deposits 0·579 37·156 0·000

2 Anti-TG2 into culture medium 0·506 20·492 0·000

At each step, the variable that minimizes the overall Wilks’ lambda

is entered. †Minimum partial F to enter is 3·84. ‡Maximum partial F to

remove is 2·71. TG2, transglutaminase 2.
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more sensitive than detection of mucosal deposits by
immunofluorescence. The production of intestinal anti-
TG2 antibodies could represent the very early stage of
gluten-induced mucosal injury, when the integrity of small
intestinal mucosa is still conserved and anti-TG2 are not
detectable in serum. This test has a potentially great impact
in clinical practice to unravel the wide spectrum of gluten
sensitivity.
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