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| ntroduction

Coeliac disease is defined as a permanent intolerance of the small-bowel mucosa to
dietary wheat gliadin or related proteins in cereals, resulting in intestina lesions in
genetically susceptible individuals. The exact mechanisms by which ingestion of gluten
causes mucosal damage are still unknown, but evidence suggests that T-cell mediated
activating process plays an important role in the pathogenesis of this disorder
(MacDonald and Spencer 1988, Lundin et al. 1993). A definitive diagnosis can be
obtained only by histopathological demonstration of small-bowel mucosal villous
atrophy and crypt hyperplasia. Treatment with a gluten-free diet results in clinical
recovery and improvement in histological appearance. Further, the possible risk of
complications associated with untreated coeliac disease, for example osteopenia
(Vadimarsson et al. 1996a), liver involvement (Volta et a. 1998), idiopathic ataxia
(Hadjivassiliou et al. 1998) and small-bowel lymphoma (Holmes et al. 1989), can be
reduced by early adoption of a gluten-free diet.

The prevalence of coeliac disease is possibly as high as 1% in the general population
(Johnston et al. 1997), and the clinical picture of the condition is heterogenous (Maki
and Collin 1997). Manifestations are quite frequently atypical, and the disease can even
be symptom-free (Logan et a. 1983, Collin et al. 1990). There is thus, a need for smple,
reliable and cost-effective non-invasive screening tests to ensure that clinically mild
forms of the disease with uncharacteristic symptoms are not overlooked. To this end,
interest has focused on serologic investigations and serum gliadin antibody (AGA) tests
by enzyme-linked immunosorbent assays (ELISA) are widely used in screening
(Troncone and Ferguson 1991). Unfortunately, however, false positive AGA titres are

found in healthy individuals and in patients affected by other diseases. Serum reticulin
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antibodies (ARA), determined by immunofluorescence with rat liver and kidney as
substrate, have been in use since 1971 (Seah et a. 1971). In 1983, Chorzelski et al.
described a new group of tissue antibodies, endomysial antibodies (EmA), directed
against the intermyofibrillar substance of the monkey oesophagus smooth muscle. The
immunoglobulin (Ig)A-class R;-type ARA and EmA have been found reliable and
valuable in early recognition of untreated coeliac disease (Maki et a. 1984a, Hallstrom
1989, Voltaet al. 1991). Recently, there has been interest in the use of human umbilical
cord as a substitute for the oesophagus of an endangered species (Ladinser et al.
1994).

Gluten-induced ARA and EmA are tissue autoantibodies which have been shown to be
directed against extracellular matrix non-collagenous proteins produced by fibroblasts
(M&ki et al. 1991a, Marttinen and Maki 1993). Recently, Dieterich et a. (1997)
identified tissue transglutaminase (tTG) as the antigen recognised by EmA. tTG belongs
to a family of calcium-dependent enzymes which catalyse the cross-linking of proteins
by introducing a covalent bond between lysine and glutamine residues. Dieterich et al.
(1997) showed that coeliac disease serum IgA reacts with tTG, suggesting that the
detection of 1gA-class autoantibodies against tTG might be useful in coeliac disease
diagnosis.

The purpose of the present study was to assess the value of human umbilical cord and
human umbilical cord Wharton's jelly-derived fibroblasts as antigens in screening tests
for untreated coeliac disease. Further, it was sought to establish whether IgA-class tTG
autoantibodies can be considered specific for coeliac disease. The tissue distribution of

tTG was analysed to clarify the relationship between ARA, EmA and tTG antibodies.
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Review of theliterature

Clinical aspects of coeliac disease

Epidemiol ogy

The prevalence of clinically manifest coeliac disease has been estimated to be about
1:1000. Regional differences have, however, been reported. A multicentre European
survey on the frequency of identified cases in childhood reported rates from 1 in 250
(observed in Sweden) to 1 in 4000 (in Denmark) (Greco et al. 1992). In recent years,
population screening studies have suggested that the prevalence of the condition is
substantially higher than supposed. Grodzinsky et al. (1992) reported a prevalence of
one in 250 in Sweden upon screening blood donors with AGA. A similarly high
prevalence was found in Italy in screening a group of schoolchildren for coeliac disease
with AGA and EmA (Catass et al. 1994). In Finland a prevalence of 1:370 was found
by frequently taking small-bowel specimens and focusing serological screening on risk
groups (Callin et al. 1997). Recent screening studies have suggested a true prevalence
possibly even higher, with estimated rates of one in 122 for Ireland, one in 130 for
Finland, one in 100 for Italy, one in 198 for the Netherlands and one in 85 for Hungary
(Johnston et al. 1997, Kolho et a. 1998, Csizmadia et a. 1999, Meloni et a. 1999,
Korponay-Szabo et al. 1999). In the USA diagnosis of coeliac disease has remained
quite rare (Fasano 1996). However, a high prevalence of EmA in blood donors (Not et
al. 1998), and the occurrence of silent coeliac disease among patients with type |
diabetes (Rossi et al. 1993, Tala et a. 1997, Fraser-Reynolds et al. 1998) indicates that

the clinical situation in the USA might well be similar to that in Europe.
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Previous epidemiological studies have suggested significant variations in the prevalence
of coeliac disease by time. In the late 1970s the frequency of coeliac disease diagnosis
seemed to be on the decline especially in children under two years of age, indicating that
childhood coeliac disease is disappearing (Challacombe and Bayliss 1980, Littlewood et
al. 1980, Dossetor et al. 1981). In Finland the decrease was also observed, but was
found to be at least in part due to an upward shift in age at diagnosis (M&ki et a. 1988a).
In Sweden, in contrast to other European countries, a threefold increase has been
reported in the incidence of the disease manifesting in infancy and at early ages (Ascher
et al. 1991). This is probably attributable to a high gluten consumption in infancy

(Cavell et al. 1992, M&ki et a. 1992).

Clinical picture

Classical symptoms of coeliac disease in children include abdominal distension,
diarrhoea, steatorrhoea, vomiting and failure to thrive. These are likely in infants less
than two years of age (Visakorpi et a. 1967). In older children and adolescents
gastrointestinal symptoms are less common (Visakorpi et al. 1970). Recent years have
seen a significant decrease in symptomatic infantile coeliac disease (Littlewood et al.
1980, Dossetor et al. 1981, Kokkonen et al. 1982, Stevens et a. 1987). First
manifestations have shifted to later ages, the clinical presentation being simultaneously
altered (Maki et al. 1988b). Classic symptoms have become rare, gastrointestina
symptoms are milder and often even absent, and coeliac disease without abdominal
symptoms can be found in children with short stature, iron deficiency anaemia, delayed
puberty and joint complaints (Verkasalo et al. 1978, Stenhammar et al. 1986, M&ki et al.
19883, M&ki et al. 1988b).

Adults may present with coeliac disease a any age. In many clinically overt cases

dyspepsia, abdominal bloating and diarrhoea may be involved (Cooke and Holmes
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1984, Kelly et al. 1990). However, asin the case of children a shift of the disease toward
subtle and variable clinical forms has aso been observed in adults (Swinson and Levi
1980, Logan et al. 1983, Collin et al. 1990, Corazza et a. 1993).

In recent years, coeliac disease patients with more or less silent presentation are being
diagnosed at an increasing rate — for example in family studies. Despite the manifest
mucosal lesion, affected individuals may have only mild or no symptoms and signs of

coeliac disease (Ferguson et al. 1993, Visakorpi and Maki 1994).

Diagnostic criteria

When the first precise clinical description of coeliac disease was published by Samuel
Gee in 1888, the diagnosis was based entirely on the detection of clinical features. In the
1950s the discovery of small-bowel villous atrophy reacting to a gluten-free diet and the
advent of the peroral small-bowel biopsy technique made more accurate coeliac disease
diagnosis possible. The first diagnostic criteria for coeliac disease as stated by the
European Society for Paediatric Gastroenterology and Nutrition (ESPGAN) in 1969,
included the finding of a structurally abnormal small-bowel mucosa when the patient is
eating cereals, a clear improvement in villous structure on a gluten-free diet, and
deterioration of the mucosa upon gluten challenge (Weljers et al. 1970). In 1990, these
criteria were reconsidered (Walker-Smith et a. 1990). The appearance of characteristic
small-bowel mucosal atrophy and clinical remission on a gluten-free diet reman
essential without further biopsy confirmation. In asymptomatic patients, however, a
second biopsy sample is necessary to prove mucosal recovery on treatment with a
gluten-free diet. In cases of doubt as to the initial diagnosis, e.g. in children younger
than two years living in communities where other causes of enteropathy occur, or in
patients in whom the findings in their first biopsy sample are equivocal, gluten

challenge is called for. The presence of circulating antibodies, i.e. AGA, ARA and
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EmA, at the time of diagnosis in patients with a typica small-intestinal mucosa, and
their disappearance in paralel to a clinical response to a gluten-free diet, strongly
supports the diagnosis of coeliac disease.

In recent years it has been increasingly recognised that gluten sensitivity is no longer
present exclusively in patients envincing villous atrophy on a gluten-containing diet.
Observations of the intestinal response to gluten have revealed a continuum of
histological features, with the flat lesion a one end of the spectrum and a normal
mucosal villous and crypt architecture, but an abnormally high density or count of
intraepithelial lymphocytes at the other (Marsh 1992, Ferguson et al. 1993). Individuals
yielding anormal jejunal biopsy while on a normal diet may have latent coeliac disease,
where overt coeliac lesion develops at some other time and the mucosa recovers on a
gluten-free diet (Weinstein 1974, Ferguson et al. 1987, M&ki et a. 1990, Troncone
1995, Corazza et al. 1996). A high count of villous intragpithelial lymphocytes
(Ferguson and Murray 1971), increased yo&+ T-cell receptor (TCR) expression by
intragpithelial  lymphocytes (M&ki et al. 1991b), abnormal jeuna permeability
(Bjarnason et al. 1983), a positive coeliac-like intestinal antibody pattern (O'Mahony et
al. 1991, Arranz and Ferguson 1993) and serum ARA/EmA positivity (Collin et al.
1993, Kaukinen et a. 1998) have been considered to be markers of coeliac disease

latency.

Manifestations, complications and associations of coeliac disease

Dermétitis herpetiformis, a gluten-sensitive blistering skin disease characterised by
pathognomic granular IgA deposits in the uninvolved skin, is a classical example of the
extraintestinal manifestations of coeliac disease (Reunaa et al. 1984). Reunala et al.

(1984) reported that although symptoms suggesting small-intestinal disease were rare,
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approximately 75% of patients with dermatitis herpetiformis had small-bowel villous
atrophy with crypt hyperplasia. Permanent-tooth enamel defects (Aine et a. 1990), as
well as neurological disorders such as idiopathic ataxia (Hadjivassiliou et al. 1998) and
epilepsy with posterior cerebral calcifications (Collin et al. 1991, Gobbi et al. 1990) can
also be regarded as gluten-induced extraintestinal manifestations of the disease.

Many subjects with untreated coeliac disease have been reported to show liver
involvement (Jacobsen et al. 1990, Bardella et al. 1995, Volta et al. 1998). Volta et al.
(1998) found that about 9% of patients with hypertransaminasaemia of unknown,
cryptogenic, origin are affected by symptom-free coeliac disease. Serum transaminase
concentrations returned to normal levels after afew months of a strict gluten-free diet. It
had also previously been demonstrated that symptomatic coeliac disease patients suffer
from osteopenia which recovers on a gluten-free diet (Mazure et al. 1994, Vadimarsson
et a. 1996a). A recent study showed osteopeniain 19 individuals whose clinically silent
coeliac disease was detected by active screening only; bone mineral density clearly
increased under dietary treatment (Mustalahti et al. 1999). In addition, a strict gluten-
free diet seems to protect against the development of the small-intestinal lymphomas
reported to complicate coeliac disease (Holmes et al. 1989, Callin et al. 1994a). Also
recurrent abortions, infertility (Sher et al. 1994, Collin et al. 1996), and aphtosis of the
oral mucosa (Ferguson et al. 1980) may be associated conditions.

The occurrence of autoimmune diseases in patients with coeliac disease is well
established (Lancaster-Smith et al. 1974, Cooper et a. 1978, Snook et al. 1989, Collin
and Maki 1994). Further, a recent study showed that the prevalence of autoimmune
disorders in coeliac disease is related to the duration of exposure to gluten (Ventura et
al. 1999). Type | diabetes is one such organ-specific autoimmune disorder described in

this context; the prevalence of coeliac disease in children with type | diabetes has been
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between 2.3% and 4.8% (M&ki et al. 1984b, Savilahti et al. 1986, Rossi et al. 1993,
Acerini et a. 1998) and in adults with type | diabetes between 2% and 6.4% (Collin et
al. 1989, Page et al. 1994, Sategna-Guidetti et al. 1994, Rensch et al. 1996, Cronin and
Shanahan 1997). Coeliac disease aso occurs with increased frequency in patients with
autoimmune thyroid disease (Collin et al. 1994b), and has been connected with alopecia
areata (Corazza et a. 1995) and the relatively uncommon Addison’s disease (Reunala et
al. 1987, Collin et al. 1994a). Connective tissue disorders associated with coeliac
disease include juvenile rheumatoid arthritis (Maki et al. 1988b) and Sjogren's
syndrome (Collin et a. 1994a, Kerttula et a. 1996, lltanen et al. 1999a).

Sarcoidosis (Douglas et al. 1984), atopy and asthma (Hodgson et al. 1976, Cooper et al.
1978) are other disorders reported to occur concomitantly with coeliac disease.
Furthermore, patients with selective IgA deficiency are at an increased risk of coeliac
disease (Savilahti et al. 1971, Collin et al. 19923, Cataldo et al. 1998), and there is also
convincing evidence for an association between coeliac disease and Down’s syndrome

(Simild and Kokkonen 1990, George et a. 1996, Gale et a. 1997).

Treatment

It is generally accepted that the maor triggering factors in coeliac disease are the
prolamins of wheat (gliadin), rye (secalin) and barley (hordein). All these fractions are
considered to be toxic for coeliac patients (Howdle et al. 1984, Sturgess et al. 1991) and
should be withdrawn from the diet. Recent studies have suggested that oats may safely
be consumed by patients with coeliac disease (Janatuinen et al. 1995, Srinivasan et al.
1996) and dermatitis herpetiformis (Hardman et al. 1997, Reunala et al. 1998).
Kaukinen et al. (1999) concluded that wheat-starch-based gluten-free products were not

harmful in the treatment of coeliac disease and dermatitis herpetiformis.
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In clinical practice compliance with the gluten-free diet may be far from satisfactory.
Kumar et al. (1988) reported strict adherence to a gluten-free diet in 57% of teenagers,
and Bardella and coworkers (1994) found that only 45% of their adult patients
maintained a strict diet. However, many patients appear to feel well and lack symptoms
following a normal gluten-containing diet (Kumar et al. 1988, M&ki et a. 1989, Mayer
et al. 1991). A regular follow-up seems to correlate positively with dietary compliance,
which would imply that lifelong monitoring is essential in the management of coeliac

patients (Bardella et al. 1994).

Genetic factors and pathogenetic aspects of coeliac disease

Genetic background

Familial clustering of coeliac disease is evidenced by its increased prevalence in
relatives of patients; in family studies the disease frequency among first-degree relatives
of probands has been found to be about 10% (Mylotte et al. 1974, Auricchio et a. 1988,
Méki et al. 1991c, Holm 1993, Petronzelli et a. 1997). The concordance rate
approximately 70% reported among monozycotic twins constitutes additional support
for the conception of an inherited predisposition to the disorder (Polanco et al. 1981).
Certain genes within the HLA gene complex, found on the short arm of chromosome 6,
appear to confer susceptibility to coeliac disease (Sollid and Thorsby 1993). Coeliac
disease was first observed to be associated with the HLA class | molecule B8 (Falchuk
et a. 1972, Stokes et a. 1972), and firmer associations with the class Il allele DR3
(Keuning et al. 1976, Ek et al. 1978), and also with DR7 and DR5/DR7 (DeMarchi et al.
1983, Mearin et a. 1983) were subsequently revealed. Among Finnish coeliacs the
frequency of DR3 antigen was 92% (M&ki et al. 1991c), 59% among family members of

coeliac patients and only 23% in healthy control subjects (Holm 1993). An even
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stronger association has since been found with the DQ2 allele (Tos et al. 1983), and it
has been suggested that the primary association of coeliac disease is in fact with HLA-
DQ?2, i.e. the DQ a/B heterodimer, encoded by the alleles DQA1* 0501 and DQB1* 0201
located either in cis (in DR3-DQ2-positive individuals) or in trans position (in DR5/7-
DQ2 heterozygous individuals) (Sollid et al. 1989). This configuration is expressed by
95% of coeliac disease patients as against 20-30% of controls (Tos et a. 1983, Sollid et
al. 1989, Ploski et al. 1993). In Finland 86% of sporadic coeliac disease cases were
found to be DQ2-positive (Polvi et a. 1998). The data available on DQ2-negative
coeliac disease patients indicate that they almost invariably express either the DR4 DQ8
(DQA1*03+DQB1*0302) haplotype, or either the DQA1* 0501 or the DQB1*02 part of
the DQ2 heterodimer (Spurkland et al. 1992, Fernandez-Arguero et a. 1995, Michal ski
et a. 1996, Polvi et al. 1998).

Previous family studies of coeliac disease have set on with the assumption that there is
at least one important non-HLA locus contributing to the development of the disease
(Pena et a. 1978, Risch 1987). It has in fact been suggested that this locus might be a
stronger determinant of inheritance of coeliac disease than the HLA locus (Risch 1987).
For the present, results of recent genome-wide screening studies have been somewhat
conflicting, providing evidence for several candidate non-HLA gene regions linked to

coeliac disease (Zhong et al. 1996, Houlston et al. 1997, Greco et al. 1998).

Pathogenesis
The jggunal mucosal lesion characteristic of coeliac disease reveals markedly increased
cellular and humora immunity, affording supporting evidence for the subsequent theory

that gluten-sensitive enteropathy is immune-mediated. Ingested gluten is the major
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environmental trigger, but exposure to adenovirus has also been held to play some part
(Kagnoff et al. 1984, Lahdeaho et al. 1993).

Cell-mediated abnormalities in coeliac disease include infiltration of lymphocytes into
the epithelium and lamina propria even before morphological changes are evident in the
small intestine (Marsh 1992). The increased intraepithelial lymphocyte population
consists mainly of cluster design (CD)3+CD8+TCRap-positive lymphocytes
(Brandtzaeg et al. 1989). Several studies have also demonstrated a significant increase
in the numbers of TCRyd+ intraepithelial lymphocytes in coeliac mucosa (Hal stensen et
al. 1989, Spencer at a. 1989, Savilahti et a. 1990). The role of intragpithelia
lymphocytes in the pathogenesis of coeliac disease is still obscure. There are data
indicating that in untreated coeliac disease CD8+TCRof3+ cells may be activated
cytotoxic T-cells, since their increase paralels an increase in the number of
intragpithelial lymphocytes containing granzyme B, a protein characteristic of activated
cytotoxic lymphocytes (Oberhuber et a. 1996). A recent observation that mice lacking
TCRyd&+ lymphocytes developed much more severe intestinal lesions than normal mice
during intestinal infection by Eimeria vermiformis suggests that TCRyo+ T-cells have a
protective role against epithelial lesions (Roberts et al. 1996). TCRyd+ T-cells are
known to express keratinocyte growth factor, which may be important for epithelial cell
growth or repair of damaged epithelial cells (Boismenu and Havran 1994).

Experimental studies have demonstrated that activation of lamina propria T-cells in
vitro produces an increase in crypt cell proliferation and villous atrophy (MacDonald
and Spencer 1988). There are observations that gliadin-specific CD4+TCRaof3+ T-cells
are commonly found in coeliac mucosa and that these cells are activated by gliadin
peptides presented mainly by the disease-associated HLA-DQ2 molecules (Lundin et al.
1993, Molberg et a. 1997). Enhanced cytokine production of such activated T-cells may
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contribute to mucosal damage (Tregdosiewics and Howdle 1995). It has aso been
suggested that T-cell activation in the lamina propria results in increased production of
matrix metalloproteinases, which by degrading the lamina propria matrix represent a
major pathway by which T-cells cause injury in the gut (Pender et a. 1997). It is
interesting in this context that gluten-specific T-cells can also be found in the peripheral
blood (Gjertsen et al. 1994).

A characteristic of the coeliac disease lesion is aso an accumulation of plasma cells
producing IgA, 1gG and IgM (Savilahti 1972). Further, it has been demonstrated that in
vitro culture of biopsies produces antibodies to gliadin (Falchuk and Strober 1974), and
high titres of IgA- and 1gG-class AGA are found in the sera of coeliac disease patients
(Table 1, p. 24). It has been suggested that AGA damage the mucosa by way of an
antibody-dependent cell-mediated cytotoxic reaction (Levenson et a. 1985). The
mucosal lesion has also been claimed to be mediated via complement activation, as a
correlation has been shown between the gliadin IgG antibody level and the activation of
subepithelial complement (Halstensen et al. 1992).

Gluten-induced IgA-class serum EmA and ARA, which appear to be highly exclusive to
patients with untreated coeliac disease (M&ki 1995), are also originally synthesized at
intestinal level (Mawhinney and Lowe 1975, Picarelli et al. 1996). The antigen
recognised by EmA is now known to be tTG (Dieterich et al. 1997). The expression of
tTG isincreased in untreated coeliac disease, and gliadin, which has been shown to bind
to tissues along reticulin fibres (Unsworth et a. 1987), is the preferred substrate of this
enzyme (Bruce et a. 1985). tTG might be important in the formation of gliadin-gliadin
or gliadin-tTG complexes, giving rise to novel antigenic epitopes, which could initiate
an immune response finally directed against tTG and gliadin (Dieterich et al. 1997).

Alternatively, Sollid et a. (1997) have proposed that when such complexes exist,
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gliadin-specific T-cells could promote the production of coeliac disease-specific
autoantibodies by tTG-reactive B-cells. Recent reports revea that the deamidation of
gliadin peptides by tTG results in better binding of gliadin peptides to HLA DQ2/DQ8
and enhanced peptide recognition by gliadin-specific gut-derived T cells from coeliac
disease patients (Molberg et al. 1998, van de Wal et al. 1998). Further, it has been
suggested that generation of epitopes by enzymatic modification may be relevant to the
breaking of tolerance and the initiation of autoimmune disease (Molberg et al. 1998).

The coeliac disease-specific autoantibodies, EmA and ARA (i.e. tTG antibodies), might
also be implicated in the pathogenesis of coeliac disease. tTG is necessary for
proteolytic activation of latent transforming growth factor 3 (Nunes et al. 1997). This
activated factor, in turn, is needed for epithelia differentiation (Kurokawa et al. 1987,
Halttunen et a. 1996). Recently, Halttunen and Maki (1999) have shown that coeliac
disease serum IgA as well as tTG antibodies disturb transforming growth factor [3-
mediated fibroblast-epithelial cell cross-talk in an in vitro crypt-villus axis model,
resulting in inhibition of epithelial cell differentiation and increased proliferation. They
suggest that the EmA/ARA, specific for tTG, might also disturb the biological function
of transforming growth factor B in vivo. Further research, however, is needed to
establish whether and how tTG antibodies contribute to the formation of the jgunal

mucosal lesion in coeliac disease.

Antibodiesin coeliac disease

Gliadin antibodies
Serum AGA represent antibodies to the cereal protein. These antibodies have been

detected by various methods, some of which (e.g. immunofluorescence techniques,
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solid-phase radioimmunoassay) have shown sufficient sensitivity and precision. In
routine clinical practice, ELISA methods for measurement of isotype-specific AGA
seem to be most widely accepted (Troncone and Ferguson 1991).

Serum AGA, which are predominantly of the IgA and IgG classes, have frequently been
found in untreated coeliac disease (Kilander et al. 1983, Savilahti et al. 1983, Stahlberg
et al. 1986, Ascher et a. 1990, McMillan et al. 1991, Ferreira et a. 1992, Bodé and
Gudmand-Hoyer 1994, Lerner et al. 1994, Sategna-Guidetti et al. 1995, Vogelsang et al.
1995, Bottaro et al. 1997). However, results of the numerous studies assessing the
diagnostic value of AGA in coeliac disease have been particularly heterogeneous, even
with the use of the same basic methodology. Sensitivity for IgA-class AGA has ranged
between 31% to 100% and 46% to 100% for 1gG-class antibodies (Table 1). The
specificity reported for IgA-class antibodies ranges between 68% and 100%, and for
1gG-class between 36% and 100%.

Controversy exists regarding the value of specific class of AGA in the diagnosis of
coeliac disease. Some investigators recommend the IgA-class AGA test (Savilahti et al.
1983), while others favour the IgG-class AGA test (Burgin-Wolff et al. 1983, Kelly et
al. 1987). In general, AGA tests have correlated satisfactorily with mucosal atrophy in
young children (Savilahti et al. 1983, Ascher et a. 1990, Burgin-Wolff et a. 1991),
whereas in adults the association between AGA and coeliac disease is not so marked

(O'Farrelly et a. 1983, Grodzinsky et al. 1990, Voltaet a. 1990, Maki et al. 1991c).
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Table 1. Sensitivity and specificity of serum gliadin antibodies in untreated coeliac disease.

Authors Number of IgA-class IgG-class

patients controls  Sensitivity  Specificity = Sensitivity — Specificity

(%) (%) (%) (%)

Studiesin children

Ascher et a. (1990) 36 92 97 92

Bottaro et al. (1997) 50 25 92 68 50 36

Kilander et al. (1983) 8 8 100 100 100 100

Lerner et al. (1994) 34 41 52 9 88 92

Stahlberg et al. (1986) 31 278 90 86 94 67
Studiesin adults

Bodé & Gudmand- 13 87 46 98 62 97

Hoyer (1994)

Ferreiraet a. (1992) 21 160 90 85 76 88

Kilander et al. (1983) 36 54 67 94 78 94

Maki et a. (1991c) 13 109 31 87 46 89

McMillan et al. (1991) 28 68 100 100 57 87

Sategna-Guidetti et a. 100 109 55 100 78 82

(1995)

Vogelsang et al. (1995) 49 53 82 83 73 74

Unfortunately, AGA can be found in non-coeliac individuals (Grodzinsky et al. 1992,
Pettersson et al. 1993) as well as in patients with other disorders, including Crohn’s
disease, and other gastrointestinal diseases (Unsworth et al. 1983, Scott and Brandtzaeg
1989). Moreover, at least in certain geographical locations, AGA increase with age in
healthy individuals (Uibo et al. 1993). Maki et al. (1991c) showed that first-degree
relatives of coeliac disease patients having normal jejunal mucosa but positive for AGA
were genetically different from the probands. Illtanen and collegues (1999b) aso
reported that in children clinically suspected of coeliac disease and eating normal
amounts of gluten, AGA do not correlate with HLA-DQ2. However, some false AGA-

positive healthy subjects may in fact be undiagnosed coeliacs. Kaukinen et al. (1998)

24



showed that AGA-positive adult patients with normal small-bowel mucosal morphology
frequently bear the immunohistochemical markers of coeliac disease latency.

Since AGA titres disappear after the introduction of a gluten-free diet (Savilahti et al.
1983, Burgin-Wolff et a. 1991), their presence or absence has been claimed to be an
indicator of dietary compliance. After gluten is reintroduced into the diet most coeliac
disease patients produce AGA (Mayer et al. 1989). However, Burgin-Wolff et al. (1991)
showed that after prolonged periods on gluten-containing food, AGA titres in some
individual s decreased again and even became negative despite gluten and a pathological

mucosa.

Reticulin, endomysial and jejunal autoantibodies

In 1971, Seah et al. originally detected ARA in the sera of adult coeliac disease and
dermatitis herpetiformis patients. They were described as staining of connective tissue
fibres around hepatic sinusoids and blood vessels as well as perilobular, periglomerular,
and occasionally glomerular staining of the kidney, and also fine staining of the stroma
between gastric glands on the stomach mucosa. In connective tissue ARA appears to be
directed against silver-stain-positive ‘reticulin’ fibres. The antibody is best detected by
the indirect immunofluorescence method using unfixed cryostat sections of rat kidney
and liver as antigens. Rizzetto and Doniah (1973) described several types of
immunofluorescence patterns of ARA; Ry, Ry, Rs, Kc and AC. Of these, only the R;-
type staining pattern has been exhibited by coeliac disease and dermatitis herpetiformis
patients. Thisis characterised by staining of peritubular and periglomerular fibres in the
kidney and fluorescence in portal tracts of the liver (Magalhaes et a. 1974, Eade et al.
1977) closely resembling the fibrillar staining pattern produced in tissues by silver-

impregnation staining (Karpéti et al. 1991).
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Serum ARA are of both IgA and 1gG class, of which the IgA-class ARA seems to be a
highly sensitive and disease-specific marker of coeliac disease (Seah et a. 1971, M&ki et
al. 1984a). Figures for senditivity range between 44% and 100% and for specificity

between 86% and 100% (Table 2).

Table 2. Sensitivity and specificity of serum IgA-class reticulin and endomysial antibodies in untreated

coeliac disease.

Authors Number of Reticulin antibodies Endomysial antibodies

patients controls Sensitivity  Specificity Sensitivity  Specificity

(%) (%) (%) (%)

Studiesin children

Bottaro et a. (1997) 50 25 74 100 96 96

Hallstrém (1989) 14 24 100 100 100 100

Kolho and Savilahti (1997) 53 114 96 92 9 100

Lerner et al. (1994) 34 41 65 100 97 98

Maki et al. (1984a) 29 245 97 98

Sacchetti et al. (1996) 32 42 94 100 97 100

Seah et al. (1971) 10 28 20 100

Voltaet a. (1991) 29 20 52 100 90 100
Studiesin adults

Ferreiraet a. (1992) 21 160 90 99 100 99

Hallstrém (1989) 35 145 91 100 91 100

Maki et a. (1991c) 13 109 92 95 92 95

Sategna-Guidetti et a. 104 94 95 100

(1997)

Valdimarsson et al. (1996) 19 125 74 100

Voltaet a. (1991) 41 20 44 100 85 100

IgA-class ARA-positivity clearly predicts clinically silent coeliac disease among close
relatives of coeliac patients (M&ki et al. 1991c), and patients with type | diabetes (Maki

et al. 1984b, Collin et a. 1989, Ross et al. 1993, Acerini et a. 1998), Sjogren’s
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syndrome (Collin et al. 1992b) and autoimmune thyroid disease (Collin et a. 1994b). In
addition, ARA are occasionally discovered in the course of routine autoantibody testing.
Patients in whom IgA-class ARA are found fortuitously most often have coeliac disease
irrespective of clinical conditions (Unsworth and Brown 1994). IgG-class ARA seldom
occur alone without IgA-class ARA, but the specificity of 1gG-class ARA for coeliac
disease is controversia (Kumar et al. 1989). On the other hand, the association between
coeliac disease and selective IgA deficiency results in negative results on IgA-class
ARA and may make for underdiagnosis; thus, patients with IgA deficiency should also
be assessed for serum 1gG-class ARA or AGA (Coallin et al. 1992a).

In 1983, Chorzelski et al. described a new IgA-class tissue antibody directed against the
‘reticulin-like’  silver-stain-positive intermyofibrillar substance of the monkey
oesophagus smooth muscle, termed endomysium, and this finding was strongly
associated with the presence of coeliac disease. The IgA-class EmA test has since
gained acceptance as a sensitive and specific method of identifying coeliac subjects
(Hallstrém 1989, Voltaet a. 1991, M&ki et a. 1991c, Ferreiraet a. 1992). The reported
sensitivity for IgA-class EmA in patients with untreated coeliac disease ranges between
74% and 100% (Table 2). Specificity for IgA-class EmA has ranged between 95% to
100%. The occurrence of EmA has been found to be age-dependent, the antibody being
reported notably less frequently in coeliac disease patients younger than two years
compared with older patients (Burgin-Wolff et al. 1991).

Coeliac disease patient sera have been reported also to react with human tissues. Seah et
al. (1971) found a clear ARA fluorescence when they used human foetal liver, small
intestine and skin as substrate. Hallstrom (1989) showed a strong fluorescence in human
adult and foetal liver, spleen, lung, jeunum, thymus and pancreas, and a weak reaction

in human adult kidney and skin and foetal colon with ARA positive sera. IgA-class

27



jelunal antibodies binding to normal jgunum from healthy children and showing
similarities to both ARA and EmA have been described in the sera of dermatitis
herpetiformis patients (Kérpati et al. 1986) and in coeliac disease patients (Karpéti et al.
1990). Recently, Ladinser et a. (1994) detected ultrastructural binding sites of EmA on
human umbilical cord. It has been suggested that human umbilical cord could provide
an inexpensive and sensitive substitute for the oesophagus of endangered species (Table

3).

Table 3. Sensitivity and specificity of serum IgA-class endomysial antibodies on monkey oesophagus and

human umbilical cord in untreated coeliac disease.

IgA-class EmA

Authors Number of monkey oesophagus human umbilical cord

patients controls Senditivity  Specificity — Sengitivity = Specificity

(%) (%) (%) (%)

Studiesin children

Bottaro et a. (1997) 50 25 96 96 94 100

Kolho and Savilahti 53 114 9 100 94 100

(1997)

Sacchetti et al. (1996) 32 42 97 100 93 100
Studies in adults

Sategna-Guidetti et al. 104 94 95 100 95 91

(1997)

Voltaet al. (1995) 60 100 95 100 95 100

Gluten-induced coeliac disease-specific ARA and EmA mostly disappear within one
year on a gluten-free diet (Maki et al. 1984a, Hallstrom 1989). These tests also seem to
be suitable for the prediction of mucosal relapse in coeliac disease (Maki et al. 1989,
Birgin-Wolff et al. 1991). Moreover, positive ARA or EmA in individuals with normal

small-bowel mucosa evidently reveals latent coeliac disease (M&ki et al. 1990, Collin et
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al. 1993, lltanen et a. 1999b). Collin et a. (1993) reported that 83% ARA-positive
patients with normal villous architecture developed coeliac disease during follow-up. It
has also been shown that ARA positivity is associated with coeliac-type HLA
DQA1*0501 and DQB1*0201 alleles (Maki et al. 1991c, lltanen et al. 1999b).

There seem to be some species-specific differences among the reticulin antigens
(Halstrom, 1989, Valeski et al. 1990, Yiannakou et al. 1997), and it has also been
surmised that there might be even intraspecies differences (Valeski et a. 1990).
Hallstrom (1989) showed that the rodent—specific IgA- and 1gG-class antibodies could
be absorped from patient sera with rodent (rat, mouse, guinea pig) liver homogenates,
while a strong positivity against human tissues and monkey oesophagus persisted. In
contrast, after absorption with human liver homogenates both rat and human tissues and
monkey oesophagus all gave negative results. Absorption studies by Karpéti et al.
(1990) suggest that EmA and jegjunal antibodies are one and the same; both were
absorbed by crude reticulin preparations of human or monkey origin.

The antigen recognised by ARA, EmA and jejunal antibodies is highly expressed in
rodent and primate, including human, tissues (Chorzelski et al. 1983, Hallstrom 1989,
Karpéti et a. 1990), and these tissue antibodies have been taken to be the target organ-
related IgA-class autoantibodies implicated in coeliac disease (Ké&rpéti et al. 1990).
Coeliac disease patient serum IgA-class antibodies have been found to recognise an
amorphous component adjacent to collagenous—reticulin fibrils in the connective tissue
(Karpéti et al. 1992). It has been postulated that ARA and EmA are autoantibodies
generated against human reticulin (M&ki et al. 1991a). Immunohistological studies have
shown that type I11 collagen, noncollagenous reticulin component and fibronectin are co-
distributed in tissues in a manner consistent with their being components of reticulin

(Unsworth et al. 1982). However, it has been shown that ARA-positive patient sera do
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not react with these tissue components (Unsworth et al. 1984). Maki et al. (1991a)
demonstrated that 1gA-class ARA and EmA from coeliac patients sera react with
extracellular matrix non-collagenous molecules in the human foetal lung. The
autoantigen has been shown to be expressed by human fibroblasts (Marttinen and M&ki
1993). Further, 28- 62- and 66-kD proteins reactive with coeliac disease-specific
antibodies have been isolated from rat enterocyte surface membrane (Tuckova et al.
1995). Whelan et a. (1996) showed that an antigen found in human umbilical vein

endothelial cellsisantigenically similar to that found in reticulin and endomysium.

Tissue transglutaminase autoantibodies

Only recently, Dieterich et a. (1997) immunoprecipitated with untreated coeliac sera a
single protein band from lysed human fibrosarcoma cells. Cleavage products of this 85-
kD autoantigen were subjected to aminoterminal sequence analysis. Sequences were
assigned to tTG (EC 2.3.2.13), which belongs to a diverse family of calcium-dependent
enzymes widely distributed among the tissues and body fluids of vertebrates. These
enzymes catalyse the covalent cross-linking of specific proteins by the formation of
isopeptide bonds between y-carboxyl groups of glutamine residues in one polypeptide
and e-amino groups of lysine residues in another. tTG is mainly regarded as an
intracellular enzyme, but it has been shown to be released during wounding (Upchurch
et al. 1991). It is capable of cross-linking fibronectin, collagen I, V, X1 and procollagen
I1, and it may have arole in stabilising the extracellular matrix. In active coeliac disease
the expression of tTG is increased and the enzyme accepts gliadin as one of its
substrates (Bruce et al. 1985). Dieterich et a. (1997) demonstrated that the pretreatment
of coeliac disease patient serum with tTG amost completely abolishes EmA staining

and concluded that they had identified tTG as the unknown endomysial autoantigen.
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Further, using commercially available guinea pig tTG as a substrate in an ELISA test,
they showed that 12 coeliac patients but none of the seven controls displayed increased
IgA immunoreactivity. Thus, tTG-based ELISA might represent a potential tool for the

diagnosis and follow-up of the disease (Dieterich et al. 1997).
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Pur pose of the present study

The aims of the present study were:

1. to assess the value of human umbilical cord and Wharton's jelly-derived fibroblasts

as antigensin screening tests for coeliac disease (I, 11);

2. to establish whether IgA-class tissue transglutaminase autoantibodies can be

considered specific for coeliac disease (111);
3. to find out whether the tissue distribution of transglutaminase is compatible with the

coeliac disease-specific reticulin, endomysial and jejunal autoantibody staining patterns

(IV).
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Materials and methods

Study groups

Coeliac disease patients

Serum samples were obtained from 276 patients with untreated coeliac disease
examined at the Departments of Paediatrics or Medicine at Tampere University Hospital
or at the Children’s Hospital, Helsinki University (Table 4). Of these 276 patients, 173
were paediatric patients (median age 7.5 years, range 0.8-17.3) (I, I11) with untreated
coeliac disease. All exhibited a flat mucosa or severe villous atrophy on initial small-
bowel mucosa and fulfilled the criteria of ESPGAN (M&ki et al. 1989, Walker-Smith et
al. 1990). In addition, study was made of serum samples available from paediatric
patients on a gluten-free diet for at least one year (I; n=62, I11; n=38), during gluten
challenge at the time of mucosa relapse (I; n=16, I1l; n=18), and again after the
reintroduction of a gluten-free diet (I; n=16, I11; n=11).

In 92 adult patients with untreated coeliac disease (median age 43.2 years, range 20.2-
72.3) subtotal or severe partial small-bowel villous atrophy with crypt hyperplasia was
considered the diagnostic criterion for coeliac disease (I1). Mucosal healing on gluten-
free diet confirmed the diagnosis in al patients. Twenty-nine of these 92 patients,
together with a further eleven adults with untreated coeliac disease were recruited in
study 111.

In addition, serafrom 14 untreated coeliac disease patients with selective IgA deficiency
(serum IgA concentration <0.05 g/l) were available for study I11, four of them also

having been included in study I1.
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Table 4. Distribution of coeliac disease patients and controlsin studies|-111.

Subjects Study | Study |1 Study 111
Number of Median age Number of Median age Number of patients Median age
patients (range) patients (range) (participating also in study | or 1) (range)
Patients with untreated coeliac disease
Children 88 7.5(0.8-16.6) 96 (11) 6.7 (0.8-17.3)
Adults 92 43.2 (20.2-72.3) 40 (29) 45.3 (24.5-69.3)
IgA-deficient subjects 4 14 (4)
Coeliac disease patients
on agluten-free diet 62 38 (19)
challenged with gluten 16 18 (11)
Control children*
clinically suspected of coeliac disease 110 7.7(0.5-17.1) 84 (28) 6.2 (0.8-14.3)
recurrent abdominal pain 30 10.5(2.8-15.4) 26 (26) 10.5(2.8-15.4)
Crohn’s disease 6 13.0(8.5-15.8) 16 (5) 15.4 (5.8-19.5)
ulcerative colitis 6 13.0(5.3-14.5) 16 (5) 13.4 (5.3-16.8)
type| diabetes 21 11.9(6.3-19.0)
Control adults*
Dyspepsia 52 44.3 (16.3-76.0) 44 (44) 435 (16.3-76.0)
Crohn’s disease 14 31.3(26.5-81.4)
ulcerative colitis 29 31.5(19.9-70.3)

*All disease controls evinced normal villous architecture in small-bowel specimens.
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Control patients

The study population included altogether 346 controls. Of these, 251 were children
(median age 9.0 years, range 0.5-19.5) examined at the Department of Paediatrics at
Tampere University Hospital or at the Children’s Hospital, Helsinki University (Table
4). Sera were drawn from 166 children (median age 6.9 years, range 0.5-17.1) with a
suspicion of coeliac disease, but found to have normal small-bowel villous architecture,
and from 30 children (median age 10.5 years, range 2.8-15.4) who had undergone
gastroscopy for recurrent abdominal pain and in whom a diagnosis of coeliac disease
was excluded on distal duodenal biopsy. Other control patients had Crohn’'s disease
(n=17; median age 14.9 years, range 5.8-19.5), ulcerative colitis (n=17; median age 13.3
years, range 5.3-16.8) or type | diabetes (n=21; median age 11.9, range 6.3-19.0).
Fifty-two of the 346 controls were adults (median age 44.3 years, range 16.3-76.0)
attending the Department of Medicine at Tampere University Hospital for gastroscopic
examination because of dyspepsia (Table 4). In addition, 14 patients with Crohn's
disease (median age 31.3 years, range 26.5-81.4) and 29 with ulcerative colitis (median
age 31.5 years, range 19.9-70.3) found on small-bowel biopsy to have normal villous

architecture were included in study 1. One control patient had selective IgA deficiency

().

Patient sera and gliadin antibodiesin study IV

Six IgA-class ARA- and EmA-positive untreated coeliac disease patient sera, four IgA-
class ARA- and EmA-negative non-coeliac control sera and an 1gG-class EmA-positive
serum sample from an IgA-deficient untreated coeliac disease patient were used in study

V.
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Gluten-free BALB/c mice were immunised with tTG (T5398, lot 37H9564; Sigma
Chemical Co., St. Louis, USA), tTG complexed with gliadin or gliadin (Sigma G3375)

according to the procedure described in study V.

Serum antibody tests

Endomysial and reticulin autoantibodies

IgA-class EmMA and R;-type ARA were determined in all 276 patients with untreated
coeliac disease, in 346 control subjects and in 14 coeliac patients with IgA deficiency by
indirect immunofluorescence using unfixed cryostat sections of full-term human infant
umbilical cord for EmA (Ladinser et a. 1994) and a composite block of rat kidney,
liver, stomach and heart for ARA (Maki et al. 1984a, Hallstrom 1989) as antigens (I-
[11). Human umbilical cord sections were prepared as described in study |. The Gomori
method of silver-staining was used to detect the presence of reticulin fibrils in cord
sections. IgA-class EmA were also detected in a subgroup of 38 children with untreated
coeliac disease and 42 controls on commercia slides of monkey oesophagus (Viro-
Immun Labor-Diagnostica, Oberursel, Germany) (Chorzelski et al. 1983, Hallstrom
1989) for comparative purposes and will be referred to here as monkey oesophagus
EmA (1). In addition, 1gG-class EmA and ARA were determined in 92 adults with
untreated coeliac disease, in 95 controls (I1) and in 14 IgA-deficient subjects with
untreated coeliac disease (11-111). For 1gG-class EmA both full-term and preterm human
infant (gestation age 24 weeks) umbilical cord sections were used as substrate.

All tissue sections were processed in the same way. Slides were incubated for 30 min
with serum samples diluted 1:5 and 1:50 in phosphate-buffered saline (PBS). After
washing thrice in PBS, the sections were incubated with fluorescein isothiocyanate

(FITC)-conjugated monospecific goat antiserum to human IgA or IgG (Sanofi
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Diagnostics Pasteur, Inc., Chaska, USA). After washing and after addition of mounting
medium, sections were read by fluorescence microscopy blindly by two members of the
group. A serum dilution of 1:>5 was considered positive. Positive samples were further
diluted up to 1:8000. Fluorescence was compared with positive and negative controls

tested in each assay.

Tissue transglutaminase autoantibodies

In our pilot study microtitre plates (Nunc Immuno Plate Maxisorb; Nunc A/S) were
coated with 1 pg tTG from guinea pig liver (Sigma T5398) in 100 ul PBS (pH 7.4) as
previously described (Dieterich et al. 1997) (111). Serum samples from 20 untreated
coeliac disease patients and from 24 controls were examined.

In the main study serum samples from 136 patients with untreated coeliac disease, from
207 controls and from 14 coeliac patients with IgA deficiency (Table 4) were examined
for 1gA- and 1gG-class tTG autoantibodies with ELISA using microtitre plates coated
with 1 pg tTG (Sigma T5398) in 100 pl 0.05 M Tris-buffered saline (TBS) with 5 mM
CaCl,, pH 7.5 (111, 1V). Between the steps the plates were washed with 0.05 M TBS
with 0.01 M EDTA, and 0.1% Tween-20 (TTBS). Serum samples diluted 1:100 in 0.05
M TTBS were added to the wells as duplicates and then incubated for one hour at room
temperature. After that, the plates were incubated with peroxidase-conjugated mouse
antiserum to human IgA or IgG (Dako A/S, Glostrup, Denmark) diluted 1:2000 in the
same buffer. Colour was developed by the addition of 100 pl 0.1 M sodium citrate, 1
mg/ml o-phenylenediamine dihydrochloride (Dako), 0.06% H,O,, pH 4.2, at room
temperature for 30 min. Absorbances were read spectrophotometrically at 450 nm.
Positive and negative control serum samples, positive reference serum provided by the

European Medical Research Councils Clinical Network for Gastroenterological
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Immunology and the ESPGAN Working Group for Serological Screening of Celiac
Disease (Stern et a. 1997), and buffer blanks were included in each assay. The antibody
concentrations were expressed in arbitrary units (AU), i.e. as percentages of the positive

reference serum.

Human umbilical cord-derived whole-cell fibroblast autoantibodies

For whole-cell ELISA Wharton's jelly-derived fibroblasts isolated as described in study
| were alowed to attach to ELISA plates (Nunc MicrowWell Plate; Nunc A/S) for two
hours at 37 °C in humidified atmosphere. After each step the plates were washed with
PBS. The cells were fixed with Baker's fixative for 10 min and quickly treated with
absolute ethanol. Serum samples from 27 randomly selected children with untreated
coeliac disease and 66 control children, diluted 1:100 with PBS containing 1% bovine
serum albumin and 0.1% Tween 20 (pH 7.4) were incubated and screened with
peroxidase-conjugated mouse antiserum to human IgA (Dako; dilution 1:5000). O-
phenylenediamine dihydrochloride (Dako) dissolved in 0.1 M citric acid-phosphate
buffer (pH 5.0) was used as substrate for peroxidase. The colour intensity was measured
spectrophotometrically at 492 nm. Four replicates were used for each serum sample, and
positive and negative control serum pools and buffer blanks were included in each
assay.

The following equation was used to calculate the results: AU :w , AU
- pod

referring to arbitrary units, Soy to sample optical density under analysis, and Npyg to the
optical density of the negative control serum pool. The optical density of the positive

control serum pool was given the value 100 AU.
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Gliadin antibodies
The whole study population was analysed for IgA- and 1gG-class AGA in according to

standard ELISA with a crude gliadin (Sigma G3375) as antigen (Savilahti et a. 1983).

Western blot analysis and blocking studies

Western blot analysis of tTG with coeliac disease sera, control sera and mouse
monoclona antibody against tTG (mAb-tTG CUB7402; NeoMarkers, Fremont, USA)
was performed under nonreducing and reducing conditions as described in study I11.

In tTG antibody ELISA blocking experiment coeliac disease sera were preincubated
with 0.05-150 pg tTG (Sigma T5398) in PBS or in 0.05 M TBS with 5 mM CaCl,

before being tested by ELISA (111).

I mmunofluor escent staining studies

Coeliac and non-coeliac patient sera, mAb-tTG ( CUB 7402 and TG 100; NeoMarkers)
and tTG-immunized mouse sera were analysed by indirect immunofluorescence for
antibodies giving coeliac-type tissue staining pattern using a composite block of rat
tissues (M&ki et al. 1984a), monkey oesophagus (Chorzelski et al. 1983), human
umbilical cord (Ladinser et al. 1994) and biopsy samples from normal human jejunum
(Kérpéti et a. 1990) as substrates. Further, Wharton's jelly-derived fibroblasts were
isolated and used as substrate as described in study |. FITC-conjugated goat antibodies
against human IgA or IgG (Sanofi Diagnostics Pasteur; dilution 1:120) and rabbit
antibodies against mouse immunoglobulin subclasses (Dako; dilution 1:100) were used
as secondary antibodies. Tissue localisation of fibronectin was also studied on the same

substrates with polyclonal rabbit antiserum to human fibronectin (Dako; dilution 1:300)
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as primary antibody and FITC-conjugated swine anti-rabbit immunoglobulins (Dako;
dilution 1:100) as secondary antibody.

Double immunofluorescent studies were carried out using rodent and primate, including
human, tissues described above as substrates. The various primary antibody
combinations used are listed in Table 1 in study 1V. FITC-conjugated goat anti-human
IgA (Sanofi Diagnostics Pasteur) and tetra-methyl-rhodamine isothiocyanate isomer R
(TRITC)-conjugated rabbit anti-mouse IgG were used as secondary antibodies.
Fibronectin antibodies were examined with TRITC-conjugated goat antibodies against
rabbit immunoglobulins (Boehringer, Mannheim, Germany). The study protocol is
summarised in study V.

The procedure for studying the competition of coeliac patient sera or IgA-deficient
coeliac serum samples with mAb-tTG CUB7402 (NeoMarkers) is described in detail in

study V.

Removal of tissue transglutaminase from tissue sections and

absor ption studies

Human umbilical cord and monkey oesophagus sections were pretreated with 2 M
potassium-thiocyanate (KSCN) (Sigma) before being stained for EmA (1V). In order to
rebind tTG, KSCN-treated sections were incubated with tTG (Sigma T5398) prior to the
immunofluorescent stainings.

The binding of EmA, ARA and AGA to coeliac disease-specific autoantigen protein
molecules (Marttinen and Maki 1993) (1) or to tTG (1 V) was evaluated according to the

affinity chromatography experiments described in the origina papers.
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Statistical analysis

Statistical analysis was based on 95% confidence intervals. Computation was carried out
using CIA software (Gardner and Altman 1989). The sensitivity was defined as the
frequency of positive antibody results in patients with coeliac disease, and the specificity

as the frequency of negative antibody resultsin patients excluded for coeliac disease.

Ethics
The study protocols were approved by the Ethical Committee of Tampere University
Hospital (I-1V). Permission to use the umbilical cord as substrate for EmA testing was

asked from the mother.
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Results

Endomysial and reticulin autoantibodies

Description of endomysial antibodies on human umbilical cord

On cryostat sections of human umbilical cord immunofluorescence staining positivity
was seen in the vessel wall smooth muscle endomysium as a honeycomb reticular
network and also in the cytoplasm of the Wharton's jelly fibraoblasts (I; Figure 1). The
pattern was identical to that observed with silver staining of the cord sections.

The interpretation of the serum IgG-class EmA test using full-term infant umbilical cord
as antigen was interfered with the intense background staining. The umbilical cord of
preterm infants (gestation age 24 weeks) brought out the specific honeycomb-like EmA

staining pattern (11).

Paediatric patients (I, 111)

IgA-class EmA were detected in 170 (98%) and ARA in 171 (99%) of the 173 children
with untreated coeliac disease (Table 5). All 38 untreated coeliacs tested for
comparative purposes for IgA-class monkey oesophagus EmA were positive (sensitivity
100%).

Only three out of the 251 control children having normal jejunal mucosa were positive
for IgA-class EmA, the test yielding in a specificity of 99%. Positive IgA-class ARA
titres were found in 20 of the 251 control children (specificity 92%), and EmA on

monkey oesophagus in seven of the 42 controls tested (specificity 83%)
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Table 5. Frequency of positive endomysial (EmA), reticulin (ARA), tissue transglutaminase (tTG-ab), human umbilical cord-derived whole-cell fibroblast (HUC-Fb-ab) and
gliadin antibodies (AGA) in patients with untreated coeliac disease (CD) and in control patients (I-111).

EmA ARA tTG-ab HUC-Fb-ab AGA
19A (%) 19G (%) 1gA (%) 19G (%) 1gA (%) 19A (%) IgA (%) 19G (%)
Patients with untreated CD, all 258/276 (93) 1192 (12) 253/276 (92) 12/92 (13) 129/136 (95) 27/27 (100) 229/276 (83)  159/276 (58)
Children 170/173 (98) Not tested 171173 (99) Not tested 91/96 (95) 27/27 (100) 147/173 (85)  124/173 (72)
Adults 88/103 (85) 11/92 (12) 82/103 (80) 12/92 (13) 38/40 (95) Not tested 82/103 (80) 35/103 (34)
|gA-deficient subjects with CD 0/14 14/14 (100) 0/14 14/14 (100) 0/14 Not tested 0/14 5/8 (63)
Contrals, all* 3/346 (1) 0/95 20/346 (6) 2/95 (2) 13/207 (6) 12/66 (18) 80/346 (23) 93/346 (27)
Children, all 3/251 (1) Not tested 20/251 (8) Not tested 4/163 (2) 12/66 (18) 67/251 (27) 90/251 (36)
clinically suspected of CD 3/166 (2) Not tested 12/166 (7) Not tested 3/84 (4) 5/34 (12) 56/166 (34) 78/166 (47)
recurrent abdominal pain 0/30 Not tested 1/30 (3) Not tested 1/26 (4) 2/22 (9) 3/30 (10) 2/30(7)
IBD® 0/34 Not tested 3/34(9) Not tested 0/32 5/10 (50) 6/34 (18) 7134 (21)
type | diabetes 0/21 Not tested 4/21 (19) Not tested 0/21 Not tested 2/21 (10) 3/21 (14)
Adults, al 0/95 0/95 0/95 2/95 (2) 9/44 (20) Not tested 13/95 (14) 3/95 (3)
Dyspepsia 0/52 0/52 0/52 2/52 (4) 9/44 (20) Not tested 4/52 (8) 152 (2)
IBD® 0/43 0/43 0/43 0/43 Not tested Not tested 9/43 (21) 2/43 (5)

* All disease controls had normal villous architecture in small-bowel specimens.

8|BD=inflammatory bowel disease
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Figure 1 shows individual IgA-class EmA results in each paediatric patient group
studied. In 53 out of 62 (85%) children with coeliac disease IgA-class EmA titres
showed negative seroconversion during gluten-free diet treatment for a year or more
(group I1). All 16 initially EmA-negative children who were challenged with gluten
were positive for antibodies at the time of mucosal deterioration (group Ill). The

antibody titres decreased again when gluten was withdrawn from the diet (group V).
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Figure 1. Serum IgA-class endomysial antibody (EmA) titres determined by indirect immunofluorescence
method using human umbilical cord as antigen. The following paediatric patient groups were studied: I,
newly diagnosed untreated coeliac patients (n=173); I, patients with coeliac disease during gluten-free
diet (n=62); 111, coeliac patients during gluten challenge (n=16); IV, again after gluten withdrawal (n=16);
and V, disease controls with normal small-bowel mucosa (n=251). The box in group V represents 248

individuals with negative results.



Adult patients (11, 111)

Of the 103 adults with untreated coeliac disease, 88 (85%) had positive IgA-class EmA
titres (Table 5). Serum IgA-class ARA were found in 82 (80%) of the patients. Both
tissue autoantibody tests attained a specificity of 100%.

Only 11 (12%) of the 92 adults with untreated coeliac disease tested were positive for
1gG-class EmA and 12 (13%) for 1gG-class ARA, respectively (Table 5). The specificity
of the IgG-class EmA test was 100% and that of the IgG-class ARA test 98% (93 out of
95).

All 14 untreated coeliac disease patients with selective IgA deficiency were positive for

both 1gG-class EmA and ARA.

Tissue transglutaminase autoantibodies (I111)

Results of the pilot study with the tTG antibody ELISA using tTG in PBS as substrate
(Dieterich et a. 1997) showed that the test did not work in our hands. Immunoblotting
and ELISA blocking experiments indicated that calcium is needed for the specific
antigen-antibody reaction to occur. The tTG antibody ELISA was thus, performed in the
presence of calcium. The cut-off level was set at 10 AU based on the calculations of
sensitivity and specificity with different cut-off levels (data not shown). Using this cut-
off level a sengitivity of 95% for both children (91 out of 96) and adults (38 out of 40)
was achieved. Specificity was 98% (159 out of 163) for children and that for adults 80%
(35 out of 44) (Table5).

Negative seroconversion of tTG antibodies was observed in 23 out of 38 (61%) coeliac
disease patients on a gluten-free diet for a year or more. All 18 patients challenged with
gluten had elevated tTG antibody levels at the time of mucosal relapse. After gluten

withdrawal the antibody titres again decreased.



As demonstrated in Figure 2, the titres of IgG-class tTG antibodies in patients with
untreated coeliac disease were no different from those in control subjects. It was thus,
not possible to establish the cut-off level for the IgG-class tTG antibody test. However,
Figure 2 also shows that 1gG-classtTG antibodies over 10 AU (the cut-off level for IgA-

class tTG antibody test) were found in al 14 patients with coeliac disease and selective

IgA deficiency.
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Figure 2. Serum |gG-class tissue transglutaminase antibody (tTG-ab) titres determined by ELISA in 136
patients with untreated coeliac disease (96 children and 40 adults), in 14 coeliac patients with IgA-
deficiency and in 207 control patients (163 children and 44 adults). The boxes in coeliac patient and

control groups represent the number of individuals with negative results.
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Human umbilical cord-derived whole-cell fibroblast autoantibodies (1)
The human umbilical cord-derived whole-cell fibroblast autoantibody ELISA test
proved to be highly sensitive (1). All 27 untreated coeliac disease children tested had
positive titres with a mean AU of 102 (standard deviation 22, range 55-144) with an
arbitrary cut-off level of 40 AU for positivity. Twelve out of 66 disease control patients
(mean AU 26, standard deviation 28, range 0-131) were positive for these antibodies,

the test yielding a specificity of 82%.

Gliadin antibodies (I-111)

IgA-class AGA results showed a sensitivity of 85% (147 of 173) and a specificity of
73% (184 of 251) in detecting untreated coeliac disease in children (Table 5). The
sensitivity of the 1gG-class AGA test was 72% (124 out of 173), specificity 64% (161
out of 251). Serum IgA-class AGA were found in 82 out of 103 (80%) adult coeliac
patients. The specificity of IgA-class AGA test in adults was 86%. The sensitivity of

1gG-class AGA test was 34% and the specificity 97%.

Comparison of antibody tests

Figure 3 shows the titres of IgA-class EmA plotted against R;-type ARA; a good
correlation is seen. Thirteen out of 276 untreated coeliac disease patients tested in this
study were positive in one or other test only; nine ARA negative patients were positive
for EmA, and four EmA-negative were positive for ARA. The IgA-class EmA titres on
human umbilical cord correlated also well with EmA titres on monkey oesophagus (1 ;
Figure 3B) and with the results of the new whole-cell ELISA test (I; Figure 4A). The
concordance rate between IgA-class EmA test and the new IgA-class tTG antibody

ELISA was 320 (93%) out of 343.
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Figure 3. Correlation between serum IgA-class reticulin (ARA) and endomysial (EmA) autoantibodies.

¢, patients with untreated coeliac disease; , control patients with norma jejuna mucosa. The box

represents 325 disease control patients with negative results in both tests.

The IgA-class AGA test was not as sensitive and specific as other tests used to detect
untreated coeliac disease (Table 5). However, in study Il high IgA-class AGA titres
(>0.5 EU/ml) were observed in eight patients with untreated coeliac disease, who were
negative for both EmA and ARA.

The 95% confidence interval values calculated for the sensitivity and the specificity of
the IgA-class EmA, ARA and tTG antibody tests merged (Table 6). Those for the
sensitivity and the specificity of the IgA-class AGA test did not overlap with the values
for the IgA-class EmA, ARA and tTG antibody tests in the whole study population. The

intervals for the sensitivity of the AGA test, again overlapped with those for tTG
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antibody test in children and that for the ARA test in adults. In adults the values for the

specificity of thetTG antibody and AGA tests overlapped.

Table 6. 95% confidence intervals (Cl) for the sensitivity and the specificity of the IgA-class endomysia
(EmA), reticulin (ARA), gliadin (AGA) and tissue transglutaminase (tTG-ab) antibodies in patients with

untreated coeliac disease and in controls.

Antibody test Sensitivity (95% CI) Specificity (95%Cl)

All EmA 93.5% (89.9, 96.1) 99.1% (97.5, 99.8)
ARA 91.7% (87.8, 94.6) 94.2% (91.2, 96.4)

AGA 83.0% (78.5, 87.4) 76.9% (72.4, 81.3)

tTG-ab 94.9% (89.7, 97.9) 93.7% (89.5, 96.6)

Children EmA 98.3% (95.0, 99.6) 98.8% (96.6, 99.7)
ARA 98.8% (95.9, 99.9) 92.0% (88.0, 95.1)

AGA 85.0% (79.6, 90.3) 73.3% (67.8, 78.8)

tTG-ab 94.8% (88.3, 98.3) 97.5% (93.8, 99.3)

Adults EmA 85.4% (78.6, 92.2) 100% (96.2, 100)
ARA 79.6 % (71.8, 87.4) 100% (96.2, 100)

AGA 79.6% (71.8, 87.4) 86.3% (77.7, 92.5)

tTG-ab 95.0% (83.1, 99.4) 79.5% (64.7, 90.2)

Relationships  between  endomysial, reticulin  and  tissue

transglutaminase autoantibodies

I mmunofluorescent staining studies

In indirect immunofluorescent studies MAb-tTG CUB 7402 and TG 100 bound to all
rodent, primate and human tissues studied as well asin cultured fibroblasts derived from
Wharton’'s jelly of human umbilical cord in a pattern similar to that seen with coeliac
disease patient sera (1V; Table 2). Cultured fibroblasts exhibited positive staining both

intra- and extracellularly with mAb-tTGs (1V; Figure 1E).
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tTG and tTG+gliadin immunised mouse sera were positive for 1gG-class antibodies,
producing the same coeliac-type tissue staining pattern as detected with untreated
coeliac disease patient sera in all tissues studied. By comparison, gliadin-immunised
mouse sera were negative for EmA and ARA but contained antibodies reacting with the
smooth muscle cell cytoplasm. Fibronectin was observed to be co-distributed with tTG
(1V; Table 2).

In a double immunofluorescent test the mAb-tTG CUB 7402 showed positivity identical
to the staining pattern of untreated coeliac disease patient serain al tissues studied (1V;
Figures 1A, 1B, 1G, 1H). When these two staining images were merged, complete
overlapping was demonstrated (1V; Figures 1C, 1l). Overlapping was also observed
with other tTG antibodies. In cultured Wharton's jelly-derived fibroblasts overlapping
was demonstrated both intra- and extracellularly (1V; Figure F). By comparison, no
overlap was observed with non-coeliac sera and any of the tTG antisera used (1V;
Figure 1J) and with coeliac disease patient sera and gliadin-immunised mouse sera (1V;
Figure 1K). The staining images of coeliac disease patient sera and fibronectin

antibodies overlapped only partially around jejunal capillaries (1V; Figure 1L).

Antibody competition studies

An excess amount of IgA-class EmA positive coeliac disease patient sera (undiluted or
diluted 1:2) completely blocked the positive tissue staining of mAb-tTG CUB 7402
(dilution 1:1000, or more) on human umbilical cord. IgA-deficient coeliac disease
patient serum positive for 1gG-class EmA had the same effect. Excess amount of mAb-
tTG CUB 7402 resulted in only partial blocking of the IgA-class EmA of coeliac disease

patient sera. The effect was seen only in the intensity of fluorescence but not in the titre.
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Effect of potassium thiocyanate treatment on antigen and endomysial staining

KSCN treatment completely abolished both IgA-and 1gG-class endomysial stainings
(IV: Figure 4A). It aso reduced or completely abolished the fluorescence of al tTG
antibodies used (1V: Table 4). In contrast, the fluorescence of non-coeliac sera and

fibronectin antibodies remained essentially unchanged.

Absorption studies

The results here showed that fibroblast-derived antigen proteins bound most of the IgA,
inducing the expression of EmA and R;-type ARA (I: Table 1), while tTG bound most
of the IgA responsible for tTG antibodies (1V: Table 3). Furthermore, tTG clearly
reduced the positivity for ARA and to alesser extent for EmA. In contrast, crude gliadin
almost completely bound the IgA responsible for AGA, but had only little or no effect

on EmA, ARA and tTG antibodies.
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Discussion

Human umbilical cord-based antibody tests

It was demonstrated here that human umbilical cord tissue is a proper substitute for rat
tissues and monkey oesophagus in indirect immunofluorescence tests when screening
for coeliac disease. It would appear that the use of human umbilical cord as substrate
enables large-scale detection of coeliac disease; it is inexpensive and readily available
tissue, and does not involve ethical issues which might limit its long-term use.
Consistent with published results (Volta et al. 1995, Sacchetti et al. 1996, Bottaro et al.
1997, Kolho and Savilahti 1997, Sategna-Guidetti et al. 1997) our findings show that
IgA-class EmA on human umbilical cord is particularly sensitive (93%) for the
diagnosis of coeliac disease, with the reservation, however, that while the test appeared
to be extremely effective in detecting 98% of children with untreated coeliac disease;
among adults with untreated coeliac disease only 85% sensitivity was achieved.
Although IgA-class EmA have proved to be highly efficient in detecting untreated
coeliac disease, there are also contradictory reports. According to Rostami et al. (1999)
EmA testing has only limited value in screening programs for coeliac disease as many
coeliacs were initially negative for the antibodies.

Recent demonstrations of the high specificity of the IgA-class EmA test have raised the
issue of whether small-bowel biopsies are needed in IgA-class EmA-positive patients
with a clinical suspicion of coeliac disease (Valdimarsson et al. 1996b, Del Rosario et
al. 1998). This high specificity of the test (99%) was indeed confirmed by the present
results. However, the case may be different when screening applies to unselected

populations with a low disease prevalence or individuals with vague or no symptoms.
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The results of Feighery et al. (1998a) emphasise that a combination of clinical,
histological and serological criteria are required for the effective diagnosis of coeliac
disease in asymptomatic patients. Exclusive reliance on histology or serology will thus,
result in failure to make a diagnosis in a significant number of patients.

IgA-class EmA titres decline on a gluten-free diet. This would imply that IgA-class
EmA determination is a reliable serological test for monitoring initial response to a
gluten-free diet. The reappearance of IgA-class EmA during gluten challenge is
consequently a good marker of the reactivation of the disease.

In the present study it was empirically established that in the measurement of 1gG-class
EmA the umbilical cord of preterm infants is preferable to that of full-term, markedly
reducing the intense background staining. The sensitivity of the IgG-class EmA test was
significantly lower (12%) than that of the IgA-class EmA test. Its specificity, however,
was 100%. Moreover, the IgG-class EmA test identified one coeliac patient negative for
other IgA- and 1gG-class antibodies. 1gG-class EmA would also seem to be reliable in
IgA-deficient subjects, detecting 100% of patients with coeliac disease and this
deficiency. The frequency of IgA deficiency in coeliac patients has been reported to
represent a 10-16 increase over that in the population at large (Cataldo et a. 1998). Only
the determination of 1gG-class antibodies can identify these coeliac patients with
concomitant IgA deficiency.

Our results show that apart from reticulin fibrils in the connective tissue surrounding
muscle cells in the cord blood vessels, coeliac patient serum IgA aso binds to
cytoplasmic components of cellsin Wharton's jelly. Likewise, Feighery et a. (Feighery
et al. 1998b) demonstrated EmA reactivity with cells in Wharton's jelly. Fibroblasts are
the major cell type in this gelatinous, mucopolysaccharide-rich material surrounding the

cord blood vessels. In the present study cultured Wharton's jelly-derived fibroblasts
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exhibited cytoplasmic staining with coeliac patient sera similar to the staining pattern of
human foetal lung fibroblasts (Marttinen and Maki 1993). Moreover, our previously
identified human foetal lung fibroblast-derived autoantigen proteins (Marttinen and
Maki 1993) bound to IgA-class EmA as well as to ARA and monkey oesophagus EmA
in absorption studies. This would indicate that the mesenchymal-derived Wharton's jelly
fibroblasts possess molecules recognised by coeliac disease patient serum IgA. This
insight further prompted us to develop a whole-cell ELISA method using Wharton's
jelly-derived fibroblasts as antigen for the diagnosis of coeliac disease. As the current
results show, all untreated coeliac disease children tested were positive for fibroblast
autoantibodies in the novel whole-cell ELISA. The test is, however, somewhat too

laborious and time-consuming for usein clinical practice.

Tissue transglutaminase autoantibodies

The identification of tTG as the endomysial autoantigen (Dieterich et al. 1997) has
provided one more tool for coeliac disease screening. The present findings bear out the
conception that tTG can be used as antigen in an ELISA test (Dieterich et a. 1997).
From a technical point of view, it emerged that a better coating was achieved when
calcium was present in the coating buffer. It has been shown that in the presence of
calcium, tTG tends to form homoaggregates (Wihelm et al. 1996). More importantly,
however, calcium probably induces a conformationa change in tTG, making it possible
for tTG antibodies to recognise and bind it (Fésus and Laki 1977). As both coeliac
patients and controls have increased antibody titres to food proteins (Scott et al. 1990),
we decided here to avoid the use of bovine serum albumin as a blocking agent.

Our data showed that the measurement of 1gA-class tTG antibodies is highly sensitive

(95%) and specific (94%) for coeliac disease, indicating that an ELISA designed to
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detect tTG antibodies has considerable potentia in the diagnosis of coeliac disease. In
agreement with the present results, Dieterich et al. (1998) reported IgA-class tTG
antibodies in 104 out of 106 (98%) and Troncone et a. (1999) in 44 out of 48 (92%)
patients with untreated coeliac disease. However, in recent studies by Bazzigaluppi et al.
(1999) and Lock et a. (1999) only 85% sensitivity was achieved. Further, the former
group reported that a radiobinding assay using in vitro transcribed and trandslated
transglutaminase as antigen showed higher sensitivity and specificity than ELISA using
guinea pig transglutaminase as antigen.

IgA-class tTG antibodies were negative or lower in patients on a gluten-free diet than in
untreated coeliacs. Thisfinding isin line with the observation that EmA and ARA titres
tend to disappear after gluten withdrawal, and that after the reintroduction of gluten-
containing food tTG antibodies are again produced, indicating the reactivation of the
disease.

While our results demonstrate that an 1gG response to tTG isfound in almost all patients
with coeliac disease, this reaction was also detected in control subjects. In contrast to
our findings, Troncone et a. (1999) reported that the sensitivity of the IgG-class tTG
antibody ELISA test was low (21%), but that the specificity was as high as 98%. In the
present study the diagnostic value of the IgG-class tTG antibody test was nevertheless
assessed, since it found all 1gA-deficient coeliac patients who had no detectable 1gA

anti-tTG.

Comparison of antibody tests
Our data show that in clinical practice, human umbilical cord, rat tissues and monkey
oesophagus can be used aternatively as substrates, since the titres of the tests correlate

well. The classical IgA-class ARA proved areliable marker of coeliac disease. The IgA-
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class EmA test, however, detected more adults with untreated coeliac disease than did
the IgA-class ARA test. IgA-class EmA aso had a lower false-positive rate than IgA-
class ARA: three out of 346 control patients (specificity 99%) were positive for IgA-
class EmA, and 20 of them (specificity 94%) had positive IgA-class ARA titres. Thus,
human tissue as substrate would seem to be more sensitive and specific for coeliac
disease than rat tissue. However, it is worth noting that combination of 1gA-class EmA
with IgA-class ARA offers additional diagnostic advantages detecting more patients
with untreated coeliac disease than either test alone. It has been shown, moreover, that
the positive ARA in patients with normal mucosal villous architecture indicate later
mucosal deterioration and gluten sensitivity (Collin et a. 1993, Kaukinen et a. 1998). It
can thus, be hypothesised that overt villous atrophy had not yet developed in all 20 IgA-
class ARA-positive patients, and that they may be gluten-sensitive.

The concordance rate between the IgA-class tTG antibody and the IgA-class EmA tests
was very high (93%). Similar high frequencies of 1gA-class tTG antibodies and IgA-
class EmA were found in patients with untreated coeliac disease both here and in other
recent studies (Dieterich et al. 1998, Troncone et al. 1999). IgA-class tTG antibodies
also appear to be as sensitive as R;-type ARA. Such results suggest that tTG antibody
ELISA could replace the semiquantitative, somewhat cumbersome and subjective
indirect immunofluorescent tests on sections of human umbilical cord or rat tissues and
might alow the simple, economical and rapid screening of large populations for silent
coeliac disease. However, the ELISA test based on commercial guinea pig tTG antigen
was less specific than the EmA test using human umbilical cord as antigen, especially
in adults. It is possible that the ELISA test using guinea pig antigen may measure
antibodies which are not specific for coeliac disease, and thus, the use of human tTG

could provide increased specificity. The recent cloning of human tTG might represent a
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further advance towards reliable diagnosis of coeliac disease (Lampasona et al. 1998,
Fasano 1999).

The results of the present study confirm that neither IgA- nor IgG-class AGA are
specific for coeliac disease. Moreover, the predictive ability of the IgA-class AGA test
was clearly lower than that of the IgA-class EmA, ARA and tTG antibody tests. On the
other hand, in study Il high IgA-class AGA titres were found in untreated coeliacs
negative for IgA-class EmA and ARA, which would suggest that the combined
determination of high titre IgA-class AGA and IgA-class EmA and ARA obviously
gives an excellent prediction of mucosal damage.

It should be recognised that a subgroup of coeliac patients do not show any serological
abnormalities and will require small-bowel biopsy. In study 11 4% of untreated adult
coeliacs remained negative in all three serological screening tests (EmA, ARA and
AGA) used. It has indeed been suggested that the antibodies in question co-exist with
the appearence of severe villous atrophy, and that coeliac disease patients with milder

mucosal changes evince lower sensitivity in serology (Rostami et a. 1999).

Relationships  between  endomysial, reticulin  and  tissue

transglutaminase autoantibodies

In the present study the staining patterns of the mAb-tTG on both rodent and primate
tissues resembled those obtained with coeliac patient sera. Further, in the double
immunostaining studies mAb-tTG showed compl ete overlapping reactivity with coeliac
patient sera. These results strongly support the findings of Dieterich et al. (1997) that
tTG is the predominant autoantigen in coeliac disease. The current observations are aso
in accord with recent results obtained by Lock et al. (1999), who demonstrated that 1gA-

class tTG antibodies purified from coeliac patient sera showed a clear and convincing
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endomysial and reticulin staining pattern. The results here suggest that tTG autoantibody
reactivity accounts for EMA, ARA and jejunal antibody appearances.

Antigen removal and reconstitution experiments showed that both mAb-tTG and coeliac
patient sera were similarly dependent on the presence of tTG. Antibody competition and
absorption studies further indicated that tTG can be the target for the autoantibodies
detected in coeliac disease. However, after the affinity chromatography experiments the
residual EmA/ARA staining activity was seen to persist in the effluent from the tTG
column. Thus, the possibility remains that further autoantigenic epitopes exist which are
not related to tTG (Uhlig et al. 1998, Lock et al. 1999).

Although tTG is primarily an intracellular enzyme, highly expressed in the enterocytes
of the villi (Thomazy and Fésus 1989), fibroblasts (Sharp et a. 1988) and endothelial
cells (Greenberg et a. 1987), a significant amount of it can be detected associated with
the extracellular matrix after wounding (Upchurch et a. 1991). The possibility of
secretion of tTG by an aternative pathway cannot, however, be excluded (Aeschlimann
and Paulsson 1991). The present study demonstrated that tTG is present intracellulary
and also in the extracellular matrix of cultured human umbilical cord Wharton's jelly-
derived fibroblasts. Interestingly, these fibroblasts were shown to secrete a coeliac I1gA-
and tTG-positive extracellular reticular network, a finding in agreement with the
observation of Berman et al. (Berman et a. 1978) that the fibroblast-produced
extracellular reticular network is silver-staining-positive. Hence, the results of the
present study indicate that tTG is also extracellulary located in normal human tissues.
Fibronectin, a protein associated with the extracellular matrix, is one of the specific
substrates for tTG activity (Fésus and Arato 1986). It has been described as a component
of reticulin, and the distribution of fibronectin in the reticular network is very similar to

that of bound antibodies (Unsworth et a. 1982). The present results show that
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fibronectin is codistributed with tTG in both rodent and primate tissues. Nonetheless,
fibronectin is not the antigen recognised by EmA/ARA (Unsworth et al. 1984). The

present results confirm this.
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Summary and conclusions

In the present study human umbilical cord was used as antigen in immunofluorescence
assay, and the viability of the test to detect coeliac disease was evaluated. Novel ELISA
methods were established to measure coeliac disease-specific antibodies to human
umbilical cord-derived fibroblasts, and to tTG. The study population included 276
patients with untreated coeliac disease, 346 controls and 14 coeliac patients with IgA-
deficiency. For comparative purposes ARA and monkey oesophagus EmA were
examined by immunofluorescence techniques and AGA with ELISA. To study the tissue
distribution of tTG coeliac and non-coeliac patient sera, mAb-tTGs and sera from mice
parenterally immunised against tTG, tTG complexed with gliadin, or gliadin were used
in indirect immunofluorescence and double-staining studies. In addition, KSCN-
extraction, antibody competition and affinity chromatography studies were performed to
study further the relationship between tTG and tissue autoantibodies.

IgA-class EmA proved highly sensitive (258 of 276) and specific (343 of 346) in
detecting coeliac disease. Comparison of IgA-class EmA test to the ARA test
(sensitivity 92%, specificity 94%) and to the monkey oesophagus EmA test (sensitivity
100%, specificity 83%) showed good correlation. Although the IgA-class AGA test
yielded a lower sensitivity (83%) and specificity (77%) than the IgA-class EmA and
ARA tests, high AGA titres were found in eight out of 12 patients negative for EmA and
ARA.

The novel whole-cell fibroblast autoantibody ELISA detected al 27 coeliacs tested,
giving a sensitivity of 100%; with a specificity of 82% (54 of 66). The test correlated
better with the EmA than with the AGA test. The calcium-treated tTG antibody ELISA

proved to be highly sensitive, 129 of 136 (95%) tested untreated coeliac disease patients
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were positive. Thirteen out of 207 disease control patients had elevated titres (specificity
94%). The concordance rate between the IgA-class tTG antibody ELISA and IgA-class
EmA tests was high (93%). The predictive ability of the new tTG antibody ELISA test
was superior to that of the AGA test.

In selective IgA deficiency the IgG-class EmA, ARA and tTG autoantibody tests seem
to work well. All 14 untreated coeliac patients with selective IgA deficiency were
positive for these autoantibodies.

The tTG antibody staining patterns here were seen to be identical to those with coeliac
patient sera in al tissues studied. Cultured human umbilical cord-derived fibroblasts
exhibited both cytoplasmic and extracellular matrix staining. Double staining with
coeliac patient serum IgA and mAD-tTG showed complete overlapping. KSCN-
extraction of tTG from the tissue sections abolished the staining patterns, and they were
restored after re-addition of tTG. Patient sera blocked the staining of mAb-tTG, and tTG
effectively absorbed EmA/ARA from coeliac patient sera.

I conclude that human umbilical cord replaces perfectly rat and monkey tissues when
using the indirect immunofluorescent test for detecting coeliac disease-specific
autoantibodies. The present study shows that coeliac disease self-epitopes are present
also in human umbilical cord and that the Wharton's jelly-derived fibroblasts indeed
express mol ecul es detectable by coeliac disease patient sera IgA. These fibroblasts could
be used as antigen in the novel whole-cell ELISA test. Further, the findings here
constitute evidence of the value of a combined search for IgA-class EmA, ARA and
high-titre AGA.

The present data further confirm that tTG is a major autoantigen in coeliac disease. In
clinical practice the ELISA designed for the detection of tTG antibodies provides an

alternative possibility for a sensitive, specific and objective serological screening for the
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diagnosis and follow-up of coeliac disease. It was also established that tTG is distributed
in  both rodent and primate tissues identicaly to the extracellular
endomysial/reticulin/jejunal staining pattern of coeliac patient sera. The current results

indicate that EmA, ARA and jgjunal autoantibodies detect tTG in different tissues.
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