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Summary

We have identified previously a nuclear fluorescence reactivity (NFR) pattern
on monkey oesophagus sections exposed to coeliac disease (CD) patients’ sera
positive for anti-endomysium antibodies (EMA). The aim of the present work
was to characterize the NFR, study the time–course of NFR-positive results in
relation to gluten withdrawal and evaluate the potential role of NFR in the
follow-up of CD. Twenty untreated, 87 treated CD patients and 15 healthy
controls were recruited and followed for 12 months. Their sera were incubated
on monkey oesophagus sections to evaluate the presence of NFR by indirect
immunofluorescence analysis. Duodenal mucosa samples from treated CD
patients were challenged with gliadin peptides, and thus the occurrence of
NFR in culture supernatants was assessed. The NFR immunoglobulins (Igs)
reactivity with the nuclear extract of a human intestinal cell line was
investigated. Serum NFR was present in all untreated CD patients, persisted
up to 151 � 37 days from gluten withdrawal and reappeared in treated CD
patients under dietary transgressions. Serum NFR was also detected in two
healthy controls. In culture supernatants of coeliac intestinal mucosa chal-
lenged with gliadin peptides, NFR appeared before EMA. The Igs responsible
for NFR were identified as belonging to the IgA2 subclass. The NFR resulted
differently from EMA and anti-nuclear antibodies, but reacted with two
nuclear antigens of 65 and 49 kDa. A new autoantibody, named NFR related
to CD, was described. Furthermore, NFR detection might become a valuable
tool in monitoring adherence to a gluten-free diet and identifying slight
dietary transgressions.

Keywords: anti-endomysium, coeliac disease, follow-up, gluten-free diet,
nuclear fluorescence reactivity

Accepted for publication 30 March 2010

Correspondence: A. Picarelli, Department of

Clinical Sciences, Sapienza University –

Policlinico Umberto I, Viale del Policlinico, 155,

00161 – Rome, Italy.

E-mail: antonio.picarelli@uniroma1.it

Introduction

Coeliac disease (CD) is a chronic inflammatory disorder
triggered by the ingestion of wheat gluten and other storage
proteins in rye and barley [1], while the role of oat is still
debated [2]. This condition represents the most frequent
food intolerance worldwide [3].

A T cell-mediated immune response against gluten frac-
tions (gliadins and glutenins), that takes shape in the small
bowel mucosa of individuals bearing the human leucocyte
antigen (HLA) alleles DQ2/8 [4], is considered the pivotal
event in the pathogenesis of CD [5–7]. As well as the cellular
immune response, CD patients show antibodies against
gliadin itself (anti-gliadin: AGA; anti-deamidated gliadin
peptides: DGP) [8,9] as well as against muscolaris mucosae of

the primate oesophagus (anti-endomysium: EMA) [10]. The
enzyme tissue transglutaminase (tTG) has been identified as
the main endomysial antigen [11]. However, it has been dem-
onstrated that tTG is not the only autoantigen associated with
CD, and other tissue components are considered to be
involved in the CD-related autoimmunity [12–15].

Circulating EMA and anti-tTG antibodies are used cur-
rently for the diagnosis and follow-up of CD patients
because of their high sensitivity and specificity [16,17]. In
addition, CD patients showing EMA/anti-tTG-positive
results also show villous atrophy, crypt hyperplasia and/or
intraepithelial lymphocytosis in their duodenal biopsies
[18,19] and, in most cases, serum antibodies disappear
within 6–12 months after gluten withdrawal from their diet
[20–22].
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During the last two decades, the intestinal mucosa has
been identified as a site of EMA/anti-tTG antibody produc-
tion [23–25]. These antibodies are indeed detectable in
supernatants of duodenal biopsies from CD patients after in
vitro culture with and/or without gliadin peptides [23,26].
Furthermore, it was shown that EMA appear in vitro earlier
than changes in duodenal mucosa morphology when a
gluten-free diet (GFD) is not followed strictly [27].

Some investigations on the appearance of serum antibod-
ies in early childhood CD or during in vivo gluten challenge
have reported that EMA/anti-tTG may emerge later than
AGA/DGP, suggesting that EMA and anti-tTG are not the
first antibodies produced at CD onset or during its relapse
[28,29]. However, as yet there is no serological test powerful
enough to assess compliance to a GFD and/or the occurrence
of dietary transgressions [20,30].

Nine years ago the occurrence of a gluten-dependent
serum immunoglobulin (Ig)A cross-reactivity between
wheat proteins and a 55-kDa nuclear antigen expressed in
human fibroblasts, intestinal and endothelial cells has been
related to CD [31]. Testing sera of CD patients recently in
remission and still positive for EMA, we observed a nuclear
fluorescence reactivity (NFR) pattern on monkey oesopha-
gus sections, of as yet unknown significance, that disappears
after a GFD [32]. Consistently, Storch et al. have described a
new autoantibody in CD patients’ serum that, reacting with
monkey oesophagus sections, designs a punctiform pattern
[33].

Based upon these observations, the aim of the present
study was: (i) to characterize the NFR and its role in CD; (ii)
to assess the time–course of NFR-positive results in relation
to gluten withdrawal from the diet and EMA persistence; and
(iii) to evaluate the potential role of NFR in identifying
dietary transgressions. For these purposes, the presence of
IgA NFR in sera from untreated and treated CD patients and
healthy controls was assessed, the ability of coeliac intestinal
mucosa to produce IgA NFR was evaluated and, finally, the
serum IgA reactivity with the nuclear extract of a human
intestinal cell line was investigated.

Materials and methods

Patients

A total of 122 study participants was divided into three
groups, as follows.

Group 1. Group 1 comprised untreated CD patients (seven
male/13 female, mean age 22·3, range 18–46 years) with
duodenal villous atrophy (grades IIIa–c of the modified
Marsh classification) and serum EMA-positive results.
During the study, all patients were put onto a GFD and
monitored for 12 months. Compliance with the GFD was
assessed every 15 days by careful examination of a patient’s
food diary (control level 1) followed, whenever possible, by a

specific medical interview (control level 2). At the same
time-points, a blood sample was obtained to detect EMA as
a further index of adherence to the GFD (control level 3). All
patients in this group presented excellent compliance with
the GFD and completed the clinical phase of the study. Con-
versely, the NFR characterization was performed exclusively
on 11 of 20 patients in this group who, after a reasonable
period on a GFD, agreed to undergo a second duodenal
biopsy. By preliminary evaluation, the subgroup of 11
patients appeared to be gender- and age-reflective of the
overall group.

Group 2. Group 2 comprised treated CD patients (31
male/56 female, mean age 31·3, range 19–54 years) on a GFD
from at least 12 months, and showing serum EMA-negative
results. During the study, all patients continued to take a
GFD and were followed regularly for 12 months. Compli-
ance with the GFD was assessed every 15 days as described
for group 1.

Group 3. Group 3 comprised healthy subjects (five male/10
female, mean age 28·7, range 18–55 years) not affected by CD
or other autoimmune disease, and with no consanguinity
with CD patients. At study entry their sera were collected and
stored at -70°C until tested. Two of the subjects in this group
showed an NFR-like pattern in the absence of serum EMA.
For ethical reasons, the latter two subjects were not submit-
ted to duodenal biopsy to exclude a subclinical form of CD.
However, they agreed to undergo a GFD and to be monitored
for 12 months. Adherence to the GFD was assessed every
month as described for group 1. Both treated subjects pre-
sented excellent compliance to the GFD and completed the
study.

CD patients were selected from among the out-patients
admitted to our gastrointestinal unit from January 2006 to
December 2007 who showed clinical features described for
groups 1 or 2, and who agreed to undergo the study protocol.
The diagnosis of CD was made in accordance with the
procedure adopted worldwide [34], based on clinical
case identification, serological screening and duodenal
biopsy histology. Healthy subjects were selected among
the blood donors admitted to our hospital from January
2006 to December 2007 who showed clinical features
described for group 3, and who agreed to undergo the
study protocol. The diagnosis of CD was excluded in indi-
viduals not clinically suspicious, with serum EMA-negative
results.

Because the suitability of oat as part of a GFD is still
controversial [2], all the GFDs administered in this study
included the withdrawal of any oat-based product.

All procedures followed in this study were in accordance
with the ethical standards of the institutional committee
responsible for human experimentation. Furthermore,
informed consent was obtained from each study participant.
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Anti-endomysium and NFR circulating antibodies

To assess the occurrence of NFR in relation to EMA, IgA
EMA/NFR antibodies were searched in sera of all study par-
ticipants at baseline and during a GFD. Furthermore, to
ascertain if EMA and NFR belonged to distinct IgA sub-
classes, IgA1 and IgA2 EMA/NFR antibodies were searched
in sera of the 11 patients in group 1 subjected to NFR
characterization.

Total IgA, IgA1 and IgA2 EMA/NFR antibodies were
evaluated in sera diluted 1:5 by indirect immunofluores-
cence analysis (IFA) on cryostat sections of monkey
oesophagus (Eurospital, Trieste, Italy). After sera incuba-
tion, the sections were stained by means of fluorescein
isothiocyanate (FITC)-conjugated anti-human IgA (Sigma,
St Louis, MO, USA; diluted 1:100) and IgA1 (Sigma;
diluted 1:20) monoclonal antibodies (mAbs), non-
conjugated anti-human IgA2 mAb (ICN Biomedicals,
Aurora, OH, USA; diluted 1:10) and its tetramethyl-
rhodamine isothiocyanate (TRITC)-conjugated detector
(Sigma; diluted 1:20), all used according to the manufac-
turer’s instructions. Fluorescence for EMA (Fig. 1a) and
NFR (Fig. 1b) was evaluated blindly by three trained
observers, whose agreement rate was 99·6%.

All FITC-conjugated and non-conjugated secondary
mAbs, as well as the TRITC-conjugated anti-IgA2 mAb
detector, were incubated further, alone or combined vari-
ously, on sections not exposed previously to serum
antibodies. No fluorescence signal was observed after any of
these control incubations, ensuring that there was no non-
specific binding.

Double-staining assay

To establish if EMA and NFR fluorescence patterns were
related to distinct antibodies, and if the latter could be
present simultaneously in the bloodstream, an indirect IFA-
based double-staining assay was performed on monkey

oesophagus sections (Eurospital) incubated first with sera of
the 11 patients in group 1 subjected to NFR characterization.
Because it was shown during this study that EMA and NFR
belong, respectively, to IgA1 and IgA2 isotypes (see below),
the subsequent incubations with two different secondary
mAbs (anti-human IgA1 and IgA2) detected by two different
fluorochromes (FITC and TRITC, respectively) allowed the
development, on every section, of a double-staining pattern.
For interpretation, the appearance of two different and not
overlapping fluorescence signals was considered indicative
for the simultaneous presence of two distinct antibodies in
CD patients’ sera.

Anti-nuclear circulating antibodies

To investigate the possible contribution of anti-nuclear anti-
bodies (ANA) in determining the NFR fluorescence pattern,
classical ANA were searched in sera of all patients in group 1
using an indirect IFA-based commercial kit (Sigma) on both
rat liver sections and human epithelial-2 (HEp-2) cell
substrates. Results, evaluated blindly by three observers, were
compared with positive controls presenting homogeneous
(ANA-H), nucleolar (ANA-N) and speckled (ANA-S) anti-
body patterns. The occurrence of centromeric (ANA-C),
peripheral (ANA-P) and cytoplasmic (Golgi apparatus, lyso-
somal, mitochondrial, ribosomal, speckled) HEp-2 antibody
patterns, as well as nuclear subpatterns (e.g. coarse speckled,
diffuse grainy, fine speckled) was also investigated.

Organ culture system

To verify if the small bowel mucosa was able to produce NFR
antibodies, duodenal mucosa samples were obtained from
the 11 patients in group 1 who, after a reasonable period on
a GFD, agreed to undergo a second upper endoscopy with
biopsy sampling.

The culture medium, prepared with 17 ml RPMI-1640
medium, 3 ml fetal calf serum (FCS), 0·2 ml l-glutamine

(a) (b)

Fig. 1. Serum immunoglobulin (Ig)A endomysium antibodies (EMA) and nuclear fluorescence reactivity (NFR) antibody patterns (Olympus

microscope, 400¥). (a) Serum IgA EMA-positive. A fluorescence feature of EMA is a honeycomb-like staining pattern along muscolaris mucosae

(endomysium) in cryostat sections of the third distal portion of monkey oesophagus. Specifically, EMA react against the collagenous matrix of type

3 connective tissue surrounding the smooth muscle fibres of the primate oesophagus. (b) Serum IgA NFR-positive. Fluorescence feature of NFR is a

dot-shaped staining pattern on nuclei of muscular and epithelial cells in the same sections.
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(200 mM), 2 ml penicillin (10 000 UI/ml)–streptomycin
(10 000 mg/ml) and 0·04 ml gentamycin (10 mg/ml) (Gibco/
Invitrogen, Carlsbad, CA, USA), was stabilized preventively
at pH 7·4 and was then sterilized by filtration with a 0·22 mm
pore size filter (Sigma). The duodenal mucosa samples,
washed first in physiological solution (NaCl, 9 g/l), were
placed into sterile tubes containing 500 ml of medium and
then cultured, with and without a peptic–tryptic digest of
gliadin (PT–gliadin; 1 mg/ml), at 37°C from 30 min to 48 h.
Thereafter, supernatants were collected and stored at -70°C
until tested. All operations were performed in a sterile
environment.

Total IgA, IgA1 and IgA2 EMA/NFR antibodies were
evaluated in undiluted culture supernatants by indirect IFA
on monkey oesophagus sections (Eurospital), as described
for sera.

Caco2 cell culture and total cell protein extraction

The human colorectal cancer cells Caco2 were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 10% FCS, 2 mM l-glutamine, 100 U/ml peni-
cillin and 100 mg/ml streptomycin (Gibco/Invitrogen)
under 95% air and 5% CO2, at 37°C up to cell confluence.
Subsequently, cells were washed twice in phosphate-buffered
saline (PBS) to remove culture medium-derived proteins
and total cell proteins were extracted by incubation with a
TNE extraction buffer [50 mM Tris/HCl at pH 7·8, 150 mM
NaCl, 1 mM ethylenediamine tetraacetic acid (EDTA), 1%
TRITON X-100] containing protease inhibitors on ice for
30 min. Extracted total cell proteins were collected and
stored at -70°C until used.

Cell fractionation procedures

The cytosolic and nuclear protein fractions of Caco2 cells
were prepared by a standard method. Briefly, after Caco2 cell
culture and washing, the cell pellet was resuspended in 3 ml
RBS medium [10 mM Tris/HCl at pH 7·4, 10 mM NaCl,
1·5 mM MgCl2, 1 mM phenylmethylsulphonyl fluoride
(PMSF)] and incubated on ice for 10 min. Cells were broken
by incubation with NP-40 and Na-Deoxicholate detergents
(0·5% and 0·15%, respectively), on ice for 30 min. Thereaf-
ter, cells were homogenized with a glass–glass potter and the
homogenate was centrifuged (800 g for 10 min) at 4°C. The
supernatant representing the cytosolic protein fraction was
collected and stored at -70°C until used. The pellet contain-
ing the crude nuclear protein fraction was resuspended in
3 ml RBS medium and centrifuged (1000 g for 30 min)
through a sucrose cushion (30% sucrose in RBS medium) at
4°C. Subsequently, the pellet was resuspended in 500 ml
extraction buffer (10 mM Tris/HCl at pH 7·4, 3 mM MgCl2,
2 mM mercaptoethanol, 1 mM PMSF) containing 0·4 M
NaCl and incubated on ice for 20 min. After centrifugation
(14 500 g for 5 min) at 4°C the pellet was resuspended in

500 ml extraction buffer containing 1 M NaCl, incubated on
ice for 20 min and centrifuged (14 500 g for 5 min) at 4°C.
The supernatant representing the nuclear protein fraction
was collected and stored at -70°C until used.

Characterization of serum IgA-defined autoantigens
by immunoblotting

To characterize the NFR further, sera of the 11 patients in
group 1 subjected to molecular study were analysed for IgA
reactivity with nitrocellulose-blotted Caco2 cell proteins.

Total cell protein extract, as well as its cytosolic and
nuclear fractions, were boiled for 3 min and submitted to
denaturing 10% preparative sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE). Gel-
separated proteins were blotted onto nitrocellulose
membranes (Protran nitrocellulose transfer membrane;
Schleicher & Schuell Whatman group, Dassel, Germany).
Nitrocellulose strips (width 2 cm) were cut from the mem-
branes and were then blocked twice for 5 min and once for
30 min in buffer A [50 mM sodium phosphate buffer at pH
7·4, containing 0·5% Tween 20 and 0·5% bovine serum
albumin (BSA)]. Blocked strips were probed overnight at
4°C with sera diluted 1:500 in the same buffer. Thereafter,
strips were washed twice for 5 min and once for 15 min with
buffer B (50 mM sodium phosphate buffer at pH 7·4, con-
taining 0·5% Tween 20) and incubated overnight at room
temperature with a peroxidase-conjugated anti-human IgA
polyclonal antibody (Chemicon, Temecula, CA, USA)
diluted 1:8000 in buffer A. Strips were finally washed and
dried before exposition to Hyperfilms ECL (Amersham
Pharmacia Biotech, Uppsala, Sweden) for approximately
3–5 s.

The purity of nuclear and cytosolic protein fractions was
assessed by exposing the nitrocellulose-blotted total cell
protein extract and its fractions to anti-human histone H2B
anti-serum (Chemicon).

Statistical analysis

Significant statistical differences between EMA and NFR
antibodies, detected as total IgA, IgA1 and IgA2 in sera of the
11 patients in group 1 subjected to NFR characterization,
were calculated by c2 test for qualitative and independent
data. The P-values �0·05 were considered significant.

Results

Time–course of serum EMA and NFR antibodies

At baseline, all 20 untreated CD patients in group 1 showed
serum IgA EMA-positive and NFR-negative results. Serum
EMA disappeared after 76 � 34 days from starting the GFD
while, at the same time, serum NFR antibodies became
apparent. The NFR antibodies cleared completely from sera

A. Picarelli et al.

420 © 2010 British Society for Immunology, Clinical and Experimental Immunology, 161: 417–425



in the following 75 � 41 days for a total of 151 � 37 days
from starting the GFD (Fig. 2).

At the time of monitoring, 24 of 87 treated CD patients in
group 2 showed serum IgA EMA-negative and NFR-positive
results, while the remaining 63 patients displayed negative
results for both circulating antibodies. The combination of
three GFD control levels (self-reported, dietetic assessment
and serum EMA determination) highlighted that, during the
previous months, the 24 patients presenting serum NFR-
positive results were introducing small amounts of gluten.
Ten of these patients continued to consume gluten occasion-
ally and, thus, their sera became EMA-positive within the
following 3 months. The remaining 14 patients, who began
to follow a strict GFD, showed the disappearance of serum
NFR antibodies in the following 2 months.

Characterization of serum NFR antibodies

Based on the timing of serum antibodies reported in the
above section, IgA1 and IgA2 EMA were evaluated in sera of
11 of 20 untreated CD patients in group 1, while IgA1 and
IgA2 NFR antibodies were searched in sera of the same
patients on a GFD from at least 3 months. As a result, serum
NFR antibodies were linked to the IgA2 subclass in all the 11
patients evaluated, while serum EMA were associated with
IgA1 isotype in all except three of these patients, who pre-
sented simultaneously EMA of both IgA1 and IgA2 sub-
classes (Table 1).

A double-staining assay was performed by exploiting the
ability of FITC-detected IgA1 EMA and TRITC-detected
IgA2 NFR to bind tissue structures on monkey oesophagus
sections. In this manner it was shown that serum EMA and
NFR antibodies reacted with two different and not overlap-
ping tissue structures, and that these antibodies were present
simultaneously in sera of all the 11 untreated CD patients
evaluated (Fig. 3a–c).

Sera analysed for IgA reactivity with nitrocellulose-blotted
Caco2 cell proteins were obtained from each of the 11 CD
patients evaluated at two time-points. The first serum
sample was collected when NFR antibodies were still present,
while the second sample was taken when NFR antibodies
were no longer detectable. Consistently, a serum IgA reactiv-
ity with 65- and 49-kDa proteins was observed at the first
time-point while, in the second serum sample, the same
reactivity was not longer detectable. Cell fractionation
experiments showed that serum IgA reactivity with 65- and
49-kDa proteins was observable in total cell protein extract
and in its nuclear fraction, but not in cytosolic fraction
(Fig. 4a). The purity of cell protein fractions was confirmed
by the reaction of anti-human histone H2B anti-serum with
total cell protein extract and its nuclear fraction, but not with
the cytosolic fraction (Fig. 4b).

Kinetics of EMA and NFR antibody production in
organ culture system

In four of 11 treated CD patients in group 1, duodenal NFR
antibodies appeared after 4 h from starting the in vitro
gliadin challenge and became detectable in all supernatants
after 6 h of biopsy culture. At the same time-points, no
duodenal EMA were detectable. At 24 and 48 h from starting
the in vitro gliadin challenge, EMA and NFR antibodies were
present simultaneously in culture supernatants (Fig. 5). At
any time-point, neither EMA nor NFR antibodies were
detectable in supernatants when the biopsy samples were
cultured in medium alone.

NFR

EMA

0 42 76 110

Time points (days)

151 192

Fig. 2. Time–course of serum immunoglobulin (Ig)A endomysium

antibodies (EMA) and nuclear fluorescence reactivity (NFR)

antibodies. The timing of serum IgA EMA and NFR antibody

appearance/disappearance are plotted in the graph. The small boxes

refer to the time–course of serum antibodies, from their appearance

to disappearance (mean values). The great boxes refer to standard

deviations of serum antibody disappearance times. At baseline, EMA

are detectable in coeliac disease (CD) patients’ sera and disappear

after 76 � 34 days from starting the gluten-free diet (GFD). At the

latter time-point, serum NFR antibodies become observable and

disappear in the following 75 � 41 days, for a total of 151 � 37 days

from starting the GFD.

Table 1. Isotypic characterization of serum endomysium antibodies

(EMA) and nuclear fluorescence reactivity (NFR) Abs.

Isotypes

Serum antibody-

positive results

Statistical

analysis

EMA NFR c2 P

Total IgA 11/11 11/11 n.s. n.s.

IgA1 11/11 0/11 18·182 <0·001

IgA2 3/11 11/11 9·625 0·002

Total immunoglobulin (Ig)A, IgA1 and IgA2 EMA were evaluated in

sera of untreated coeliac disease (CD) patients, while total IgA, IgA1 and

IgA2 NFR antibodies were searched in sera of the same CD patients on

a gluten-free diet (GFD) for at least 3 months. Statistical analysis refer to

c2 test for qualitative and independent data calculated between serum

EMA and NFR antibodies detected as total IgA, IgA1 and IgA2; n.s.: not

significant.
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(a)

(c)

(b)

Fig. 3. Double staining assay for serum immunoglobulin (Ig)A1 endomysium antibodies (EMA) and IgA2 nuclear fluorescence reactivity (NFR)

antibodies (Olympus microscope, 400¥). (a) Double staining for serum EMA (green) and NFR antibodies (red) on a monkey oesophagus section.

EMA are stained with a fluorescein isothiocyanate (FITC)-conjugated anti-human IgA1 monoclonal antibody (mAb), NFR is stained with a

non-conjugated anti-human IgA2 mAb and revealed by a tetramethylrhodamine isothiocyanate (TRITC)-conjugated anti-IgA2 mAb detector.

Serum EMA and NFR antibodies, belonging to distinct IgA subclasses, react with two different and not overlapping tissue structures. Furthermore,

these antibodies may be simultaneously present in sera of untreated coeliac disease (CD) patients. (b) The same section stained for serum IgA2 NFR

antibodies only (red). (c) The same section stained for serum IgA1 EMA only (green).
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Fig. 4. Serum immunoglobulin (Ig)A reactivity with nitrocellulose-blotted Caco2 cell proteins. (a) Nitrocellulose-blotted Caco2 cell protein strips

are incubated with coeliac disease (CD) patients’ sera positive for nuclear fluorescence reactivity (NFR) antibodies, as well as with sera of the same

patients at NFR disappearance after a gluten-free diet (GFD). Arrows indicate the position of the 65- and 49-kDa-reactive components. Molecular

masses are indicated on the left side. Serum IgA reactivity is found in total cell protein extract and in its nuclear fraction but not in cytosolic

fraction and, after a GFD, disappear with the disappearance of NFR itself. (b) Nitrocellulose-blotted total cell protein extract, as well as its nuclear

and cytosolic fractions are also probed with anti-human histone H2B anti-serum. As a result, the reaction of this anti-serum with total cell protein

extract and its nuclear fraction, but not with cytosolic fraction, ensures the purity of cell protein fractions.
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Twelve of 24 treated CD patients in group 2, who at a
certain point of their GFD presented serum EMA-negative
and NFR-positive results, were submitted to upper endos-
copy and their biopsy samples were cultured in the presence
and absence of PT–gliadin. EMA and NFR antibodies were
detectable in all culture supernatants, irrespective of the in
vitro gliadin challenge.

Serum ANA evaluation

Because of the timing of serum EMA and NFR antibodies,
circulating ANA were evaluated at three time-points: during
EMA-positive results, under EMA disappearance/NFR-
positive results and after NFR disappearance. At all time-
points, serum ANA were positive in two of 20 CD patients in
group 1. In both cases, an ANA-S antibody pattern (subpat-
tern: fine speckled) was visible.

Healthy controls

None of the 15 subjects in group 3 presented serum EMA-
positive results, while two showed an NFR-like pattern on
monkey oesophagus sections. The latter two subjects were
put on a GFD for 12 months. Serum EMA and NFR anti-
bodies were evaluated each month, showing no changes in
the NFR-like pattern. The characterization of this NFR-like
pattern showed that it belonged simultaneously to IgA1 and
IgA2 subclasses, and that it was localized in the nucleus.

Discussion

The results of the present study demonstrate that serum IgA
from CD patients are able to react with two nuclear antigens
determining the appearance of a nuclear fluorescence reac-
tivity (NFR) antibody pattern on monkey oesophagus

sections used routinely for EMA detection. Moreover, as
NFR antibodies are detectable in serum as long as the CD
patients consume gluten and disappear after gluten with-
drawal from the diet, they are gluten-dependent and related
strictly to CD.

The autoimmune nature of CD is understood clearly
[5–7], and the main autoantigen is well known to be tTG
[11]. However, tTG is not the only CD-related autoantigen,
as other tissue components have been shown to be a target of
coeliac autoimmunity [12–15]. In serum of active CD
patients, antibodies against thyroid and pancreas structures,
cytoskeleton molecules and central nervous system-related
antigens have been found previously [14]. The present study
adds a new antigen type to the list, as we found that serum
IgA from untreated CD patients react with two NFR-related
nuclear antigens of 65 and 49 kDa. The identity of NFR-
related autoantigens is as yet unknown, but based on the
different distribution of EMA and NFR reaction sites on
monkey oesophagus sections it is reasonable to hypothesize
that these reactivities are due to distinct antigenic specificity.
Indeed, EMA and NFR antibody patterns are never observ-
able simultaneously during total IgA EMA detection but,
using secondary mAbs against IgA subclasses (IgA1 and
IgA2) coupled with different fluorochromes (FITC and
TRITC), the presence of two different and not overlapping
fluorescence signals becomes evident. That the main
endomysial antigen, known to be tTG [11], has a different
molecular weight with respect to the newly identified
autoantigens (85 versus 65 and 49 kDa), further confirms the
hypothesis that EMA and NFR are two distinct antibodies.
Finally, the observation that EMA are associated mainly with
the IgA1 isotype and NFR is always related to the IgA2 sub-
class suggests, for these antibodies, a molecular recombina-
tion based on two distinct isotypic-switching pathways.
However, further investigations are necessary to understand
the biological significance of this finding.

The nuclear nature of NFR-related 65- and 49-kDa anti-
gens has been evidenced by cell fractionation experiments.
In fact, sera collected from CD patients when NFR antibod-
ies are observable show IgA reactivity in total cell protein
extract and in its nuclear fraction that is absent in the cyto-
solic fraction. Serum IgA reactivity with 65- and 49-kDa
antigens has been detected on lysates of the human Caco2
cell line, and is therefore definable as autoimmune. More-
over, we also show that this autoreactivity is gluten-
dependent, and therefore related strictly to CD. Indeed, it is
present in CD patients’ sera up to NFR antibodies are
observable and disappear on a GFD, with the clearance of
NFR antibodies themselves.

Circulating autoantibodies CD patients provide an
important tool in screening, diagnosing and monitoring the
disease. In detail, serum EMA and anti-tTG antibodies are
used currently in clinical practice on account of their high
sensitivity and specificity [16,17]. Furthermore, serum EMA
disappear upon the mucosal healing subsequent to a GFD
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treated CD patients, are plotted in the graph. In detail, NFR
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[21], while after gluten reintroduction into the diet their
reappearance may predict mucosal relapse [28]. The kinetics
of EMA, however, is not well known and it is not investigated
widely. In the present study, we show that EMA disappear-
ance in sera from treated CD patients is complete within
76 � 34 days after starting the GFD. At this time-point,
serum NFR antibodies become observable and persist for a
further 75 � 41 days for a total of 151 � 37 days from start-
ing the GFD. Our data also show that, after the reintroduc-
tion of small amounts of gluten in the diet, NFR antibodies
reappear within a few days, much earlier than serum EMA.
The biopsy culture study shows that NFR antibodies are
produced early (4–6 h), while EMA appear after more than
12 h from starting the in vitro gliadin challenge. This in vitro
finding is consistent with result of the in vivo gluten-induced
reactivation of CD. Consequently, given that NFR seems to
be more sensitive than EMA as an early marker of CD reac-
tivation, NFR antibody detection in serum from treated CD
patients might become a valuable tool in monitoring adher-
ence to GFD and identifying slight dietary transgressions.
The appearance of serum NFR during gluten withdrawal,
together with the persistence of symptoms when these anti-
bodies are still positive but EMA are already negative, also
suggest that NFR assessment could be an useful tool to deter-
mine the right time to perform a second duodenal biopsy.
However, before applying these suggestions, our data need to
be confirmed by large clinical trials.

The presence of a serum NFR-like pattern in some healthy
controls evaluated in this study could suggest a low specific-
ity for NFR antibody detection in CD monitoring. However,
it is noteworthy that NFR belongs to a different IgA isotype
with respect to that of the NFR-like pattern observed in
controls. In addition, this NFR-like pattern is never associ-
ated with EMA and, in the controls treated with 12 months
of gluten withdrawal, it did not disappear, showing the
absence of a gluten dependency.

On the other hand, as only two of 20 CD patients evalu-
ated in this study show serum ANA-positive results, it
is possible to conclude that NFR antibodies are different
from the classics ANA. Incidentally, the ANA prevalence
observed in our CD patients does not exceed the frequency
reported currently for different classes of healthy individu-
als [35].

In conclusion, this is an early translational study describ-
ing a new autoantibody named NFR related to CD. In fact,
the presence of NFR antibodies in CD patients’ serum is
gluten-dependent and, accordingly, they could be considered
to be CD-specific. The identity of NFR-related 65- and
49-kDa autoantigens is yet unknown, and therefore further
investigations should be addressed to either obtain new
knowledge on the humoral response of CD or to facilitate the
development of a novel and promising serological test. In
this regard, if our data are confirmed by large clinical trials,
serum NFR antibody detection might to become a useful
tool to monitor treated CD patients.
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