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(57) ABSTRACT 
The invention relates to a method for detecting antibodies 
from body fluids by means of an immune reaction with 
tissue transglutaminase (tTG), with tTG-containing com 
pounds, the antigenic Structures, immunoreactive Sequences 
or analogues thereof. The method may be used in the 
diagnosis and therapy control of diseases associated with an 
immune reaction against tTG, tTG-containing compounds, 
the antigenic Structures, immunoreactive Sequences or ana 
logues thereof. Therefore, the invention is also directed to 
the use of tTG and the above-mentioned Substances in 
diagnosis and therapy control, preferably in the diagnosis 
and therapy control of chronically inflammatory diseases or 
autoimmune diseases, and more preferably, in the diagnosis 
and therapy control of Sprue or coeliac disease. 
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Fig. 1 

Illustration of the Autoantigen in the SDS PAGE Following immunoprecipitation (IP) 
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Fig. 2 

Protease Digestion of the Autoantigen with Endoprotease Asp-N 
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3. Autoantigen according to the invention 

b: Fragments of the autoantigen after protease digestion 
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IMMUNOLOGICAL METHOD FOR DETECTING 
ANTIBODES DIRECTED AGAINST TISSUE 

TRANSGLUTAMINASE (TTG), USE OF TTG IN 
DIAGNOSIS AND THERAPY CONTROL, AND AN 
ORAL PHARMACEUTICAL AGENT CONTAINING 

TTG 

0001. The invention relates to a method for detecting 
antibodies from body fluids by means of an immune reaction 
with tissue transglutaminase (tTG), the antigenic structures, 
immunoreactive Sequences or analogues thereof, and with 
tTG-containing compounds, the antigenic structures, immu 
noreactive Sequences or analogues thereof. The method may 
be used in the diagnosis and therapy control of diseases 
asSociated with an immune reaction against tTG, tTG 
containing compounds, and antigenic structures, immunore 
active Sequences or analogues thereof. Therefore, the inven 
tion is also directed to the use of tTG and the above 
mentioned Substances in diagnosis and therapy control, 
preferably in the diagnosis and therapy control of chroni 
cally inflammatory diseases or autoimmune diseases, and 
more preferably in the diagnosis and therapy control of 
Sprue or coeliac disease. The invention is also directed to an 
oral pharmaceutical agent which includes tTG, tTG-contain 
ing compounds, the antigenic Structures, immunoreactive 
Sequences or analogues thereof as active ingredients and 
may be employed in the treatment of diseases accompanied 
by an immune reaction against these Substances, because 
oral administration of the above-mentioned compounds 
results in an immune tolerance. 

0002 The present invention is based on the discovery 
that tissue transglutaminase (tTG, EC 2.3.2.13) is the 
autoantigen of Sprue or coeliac disease. 
0003. On the basis of the above finding, the immunologi 
cal method of the invention for detecting antibodies against 
tTG and tTG-containing compounds has been developed. 

0004 Coeliac disease is a disease of the small intestine 
mucosa, the first manifestation predominantly occurring 
during the late infant and toddler ages. If the corresponding 
clinical picture does not occur before the adult age, it is 
termed non-tropical Sprue. Thus, both of these terms 
describe the same disease. Sprue is accompanied by an 
inflammatory change of the mucosa and a general malab 
Sorption as a result thereof. In most of the cases, there is a 
morphological and clinical response to a treatment using a 
diet free of gluten. 
0005 Well-known as pathogenic factors are glutens from 
wheat, barley, rye and, to Some extent, oats, while those 
from plant types having a lower degree of phylogenetic 
relation, Such as corn, rice and Soy are non-pathogenic. 
Amongst Said glutens, the role of the pathogenic agent is 
ascribed to the alcohol-Soluble prolamins, Specifically 
C-gliadin. 

0006 For this reason, sprue preferentially occurs in coun 
tries where wheat is used as major Source of food (Europe, 
U.S.A., Australia) and has an incidence rate of 0.14/1,000 
newborns in Denmark, 0.7/1,000 in Spain, 1/1,000 in Italy, 
0.45/1000 in Germany, and 2.42/1,000 in Sweden, for 
example. 

0007. However, more recent investigations demonstrate 
that a Subclinical pattern, i.e., a morphological change of the 
mucosa without massive Symptoms is more widespread than 
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believed so far. Thus, a study carried out in Italy in 1994 
revealed an incidence of 3.28/1,000 among school children. 
The risk of latent Sprue in the next of kin of Sprue patients 
ranges up to 50%. 
0008. The predominantly latent sprue is frequently 
accompanied by a polymorphic dermatosis, i.e., Dermatitis 
herpetiformis, where characteristic Subepidermal Small blis 
ters with granular IgA deposits in the dermal papillae tips 
can be observed. Biopsies of the small intestine show an 
irregular, more or leSS Severely damaged mucosa. 
0009. Another well-established association can be 
observed between Sprue and insulin-dependent Diabetes 
mellitus, thyroid gland diseases, and a Selective IgA defi 
ciency. 

0010. In addition to numerous concomitant clinical 
Symptoms of Sprue, Such as anemia which, among other 
things, has been ascribed to a vitamin B12 malabsorption, 
and a Vitamin K deficiency representing the reason for an 
increased hemorrhage tendency, the massively increased 
risk of gastrointestinal malignant tumors plays a special role. 
Up to 15% of the Sprue patients, mostly at an age of more 
than 50 years, develop neoplastic diseases, about 50% of 
which involving intestinal T cell lymphomas and another 
25% involving esophagus, oropharyngeal and Small intes 
tine tumors. 

0011. The therapy of sprue comprises strict observance of 
a lifelong gluten-free diet, where not only gluten-containing 
products made of wheat but also those made of rye, barley 
and oats must be excluded. AS for the patients, this repre 
Sents a grave restriction in both eating habits and Social 
interactions. 

0012) If diagnosis and therapy of sprue are effected in 
time, there is a good prognosis. However, complications 
once having occurred are frequently not completely revers 
ible. Conversely, if the disease remains unrecognized and 
untreated, Severe Symptoms may arise as a result of malab 
Sorption. Ultimately, there is an increased risk of developing 
intestinal lymphomas and other gastrointestinal neoplasias. 
0013 At present, biopsy of the Small intestine represents 
the top level Standard in the diagnosis of Sprue and the 
follow-up under gluten-free diet, but also non-invasive diag 
nostic methods based on immunological markers become 
more and more important. Because IgA and IgG class 
antibodies are present in the Serums of Sprue patients, which, 
on the one hand, are directed against gliadin and, on the 
other hand, against an autoantigen of the endomysium which 
is a special connective tissue which, among other things, 
contains the collagens I, III and V, elastic fibers, non 
collagenic proteins Such as fibronectin and proteoglycans, 
the Serums may be tested for IgG and IgA antibodies against 
gliadin using ELISA, and for IgG and IgA antibodies against 
endomysium using indirect immunofluorescence. While 
antibodies against gliadin are not Sufficiently Specific for 
sprue, high sensitivity and specificity (97-100%) are 
reported for the IgA Ab against endomysium. However, 
esophagus Sections from primates are required for the immu 
nofluorescence detection. At present, attempts are made to 
detect the endomysium antibodies on umbilical cord mate 
rial as well. 

0014) In 1984 Maury and Teppo (Lancet, 1984; 20.892 
894) described a 90kDa mannose-rich glycoprotein (20% of 
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Sugar content) as a component of the normal skin and of the 
Small intestine mucosa. They were able to identify circulat 
ing IgG immunocomplexes able to recognize Said protein, in 
10 celiac patients out of 20 examined, and in 7 cases out of 
12 patients affected by herpes dermatitis (a disease consid 
ered to be an epidermal evidence of the celiac disease). The 
90 kDa described glycoprotein is characterized by having a 
20% mannose content, whereas tTG appears to be ungly 
cosilated, notwithstanding the presence of 6 glycosilation 
sites (Ichinose et al., J. Biol. Chem., 1990, 265:13411 
13414). 
0015. In 1986, Maury et al. (see Gut, 1986, 27:147-152) 
examined said antibodies by an ELISA test with Sera of 
celiac disease affected patients and control Sera. Celiac 
disease affected patients showed antibody levels signifi 
cantly higher (p<0.001) than those revealed in control sera. 
Said levels decrease to normal values further to a gluten-free 
diet treatment. No correlation with anti-reticulin antibodies 
has been proved. 
0016. With a timely diagnosis and a strict observance of 
a gluten-free diet, the disease may be maintained in remis 
Sion and thus, the increased risk of malignant tumors of the 
patients can also be lowered to a normal value. Therefore, 
there is great interest in developing a Suitable detection 
assay for Sprue. Because the group of individuals bearing a 
latent Sprue also belong to the high-risk group, all of the 
individuals in question (especially, the next of kin), and 
ultimately, all the School children, as is presently taken into 
consideration in Italy, should be examined using a Sensitive, 
Specific, easily feasible, and low-cost assay. 
0.017. To date, however, large-scale Screening programs 
failed as a result of the following problems: 
0.018. The invasive duodenal biopsies of symptom-free 
perSons are unconscionable and exceedingly expensive. 
0019. An ELISA detection based on antibodies against 
gliadin is Scarcely useful as a result of its poor Specificity. 
0020. The immunofluorescence detection of IgA class 
endomysium antibodies, which is based on primate esopha 
gus, is too expensive as a general Screening method. Fur 
thermore, the assessment is Subjective and does not permit 
identification of sprue patients having an IgA deficiency (2% 
of the patients). 
0021. To date, therefore, a non-invasive, specific, quan 
titative, rapid, easily, and inexpensively feasible detection 
assay for Sprue/coeliac disease and therapy control thereof 
does not exist. 

0022. This problem is solved by the present invention. 
Based on the Surprising finding that tissue transglutaminase 
(tTG, EC 2.3.2.13) is the autoantigen of sprue, an immuno 
logical method according to claims 1 through 6 for detecting 
antibodies against tTG and tTG-containing compounds from 
body fluids, particularly from Serum was developed, which 
method not only permits diagnosing Sprue or coeliac dis 
ease, but all diseases accompanied by an immune reaction 
against tTG, tTG-containing compounds, the antigenic 
Structures, immunoreactive Sequences or analogues thereof. 
0023 The tissue transglutaminase belongs to the class of 
transglutaminases. The TGs (EC 2.3.2.13) are enzymes 
catalyzing an acyl transfer depending on Ca", the Y-car 
boxamide groups of peptide-bonded glutamine residues act 
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ing as acyl donors. Primarily protein-bonded lysine residues 
function as acyl acceptors, as that the transfer results in an 
e-(y-glutamyl)lysine bond. The Substrate specificity of the 
TGS with respect to the acyl donors is very high (depending 
on the amino acid sequence), whereas an exceptionally wide 
Spectrum of acceptors is available (Folk J. E. Annu. Rev. 
Biochem., 1980; 49:517-531). The covalent peptide bonds 
formed are highly stable and protease-resistant, resulting in 
an increased resistance of the crosslinked proteins to chemi 
cal, enzymatic or physical effects. 
0024. Also, the widespread occurrence of various TGs in 
miscellaneous organs, tissues, in plasma and interstitial body 
fluids correlates with the occurrence of transglutaminase 
modified proteins in blood clots, on cell membranes, in the 
horny layer of the epidermis, in hair, nails, and in the 
extracellular matrix (Greenberg C. S. et al FASEB.J., 1991; 
5:3071-3077). 
0025 The described transglutaminases may be distin 
guished by their physical properties, their location in the 
body, and their primary Structure. 
0026. The tissue TG (tTG) is also referred to as cellular, 
erythrocyte, endothelial, cytoplasmatic, liver, or type II TG, 
and is a monomer having a molecular weight of 75-85 kDa. 
0027. The complete amino acid sequence comprising 687 
residues was derived from the cDNA. At the protein level, 
there is an 84% homology between the human enzyme and 
the enzyme from mouse macrophages and an 81% homol 
ogy between the human and guinea pig enzyme. Frequently, 
nucleotide exchanges between these species have no effect 
on the amino acid Sequence. The active center is highly 
conserved, with a marked protein homology between the 
three species (49 out of 51 residues being identical), and a 
high degree of protein homology (75%) to the a-submit of 
Factor XIII (see Gentile V. et al. J. Biol. Chem., 1991; 
266:478-483; Greenber C. S. et al. FASEB J., 1991; 5:3071 
3077). 
0028 Neither is there a signal peptide nor glycosylation, 
and apparently, despite multiple cysteine residues, there are 
no disulfide bridges. Using fluorescence hybridizations, the 
gene for human tissue transglutaminase was localized on 
chromosome 20q12 (Gentile V. et al., Genomics, 1994; 
20:295-297). Although the mechanism of enzyme liberation 
still is not clear, there is unequivocal evidence that tTG with 
its intracellular ubiquity attains important functions within 
the extracellular matrix (ECM). Moreover, the Ca' intrac 
ellular concentration required for tTG activity is not likely to 
be reached under physiological conditions, whereas Suffi 
ciently high Ca concentrations are present in the extracel 
lular range (Gentile V. et al., J. Cell Biol., 1992; 119:463 
474). 
0029 Several investigations establish an association of 
tTG with the fibronectin ECM protein. In addition to 
fibronectin, the ECM molecules nidogen, the N-terminal 
procollagen III peptide, the collagens V and XI, Osteonectin, 
which is a microfibril-associated glycoprotein, high molecu 
lar weight dermatan Sulfate proteoglycan, and the galectin 3 
lectin could be identified as specific substrates for tTG. 
0030 Indications for an important role of tTG in wound 
healing were also obtained from immunofluorescence Stud 
ies on cultivated WI38 cells (lung embryonal fibroblasts) 
which do not exhibit extracellular tTG activity under normal 
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conditions but effect extracellular deposition of the enzyme 
upon artificial wound generation. The possibly passive 
release of the enzyme from damaged cells is followed by an 
initially non-covalent binding to the ECM, particularly to 
fibronectin and fibrillary collagens, where the enzyme is 
catalytically active for some hours (Upchurch, H. F. et al.; J. 
Cell. Physiol., 1991; 149:375-382). Using a rat model, 
likewise after artificial wound generation, a 5 day increased 
tTG activity was detected (Bowness, J. M. et al. Biochem. 
Biophys. Acta; 1988; 967:234-240). Also, when incubating 
human erythrocyte lysates with plasma, a Strong affinity of 
the liberated tTG to fibronectin could be demonstrated 
(Loraud, L. et al. Proc. Natl. Accad. Sci USA 1988; 85 : 
1057-1059). All the findings indicate that the tTG bound to 
ECM assumes a central role in the early phase of wound 
healing and, in particular, contributes to fibrin Stabilization 
together with Factor XIII, forming a protective layer and a 
Stable adhesive Substrate around the damaged cells by 
crosslinking of extracellular proteins. To date, no enzymes 
capable of cleaving the tTG-catalyzed, enormously stable 
crosslinkages to the proteins could be detected in verte 
brates. 

0.031 Based on the finding that tTG is the autoantigen of 
Sprue, the invention is also directed to the use of tTG, 
tTG-containing compounds, the antigenic structures, immu 
noreactive Sequences or analogues thereof in the diagnosis 
and therapy control of diseases accompanied by an immune 
reaction against Said compounds. In particular, acute inflam 
matory diseaseS Such as pneumonia, glomerulonephritis, 
virus hepatitis, or chronically inflammatory diseases, Such as 
Morbus Crohn, Colitis ulcerosa, or autoimmune diseases 
Such as autoimmune hepatitis, Soegren Syndrome, Wegen 
er's granulomatosis, rheumatoid arthritis, idiopathic organ 
fibrosis, Such as lung fibrosis can be diagnosed in this way. 
Especially Suitable is the detection assay for the diagnosis 
and therapy control of Sprue. Since this assay can be 
performed quickly and cost-favorably, it permits efficient 
Screening of the population for tTG antibodies. 
0.032 The tTG used according to the invention may be of 
animal, Synthetic or recombinant origin, and the same 
applies for the tTG-containing compounds which, in addi 
tion, may also involve a combined origin (e.g., animal tTG 
in association with a synthetic peptide). In the meaning of 
the invention, tTG-containing compounds are understood to 
be chemical compounds of tTG with proteins, or analogues 
thereof. In the meaning of the invention, tTG analogues or 
analogues of these tTG-containing compounds are under 
stood to be all those antigenic Structures that undergo an 
immune reaction with antibodies against tTG or tTG-con 
taining compounds, e.g., Synthetic peptides. Immunoreac 
tive Sequences are understood to be fragments of tTG or 
tTG-containing compounds produced by proteolysis, Syn 
thesis or genetic engineering, as well as variants obtained by 
amino acid exchange. 
0033. The immunological detection according to the 
invention is performed using well-known methods. Thus, 
any direct (e.g., using a sensor chip) or indirect procedure 
may be used in the detection of patient antibodies. 
0034. In the direct procedures, binding of the antibodies 
to be detected to the antigen is determined through the 
alteration of chemical or physical properties, So that Subse 
quent detection StepS using labelled binding species are not 
required. 
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0035. According to the invention, it is preferred to detect 
the tTG antibodies using an immunoassay, preferably a Solid 
phase immunoassay, with direct or indirect coupling of a 
reactant to an easily detectable labelling Substance. More 
preferably, detection may be carried out using an ELISA, an 
RIA, or an immunofluorescence assay. The procedures 
involved in Such detection methods are well-known to a 
person skilled in the art. 
0036). In an ELISA, for example, the antigen, in the 
present case, e.g., tTG is bonded directly or indirectly to a 
carrier Substance Such as polystyrene. Following incubation 
with the antibodies to be detected, e.g., from Serum of 
patients, the antigen-bonded antibodies are detected directly 
or indirectly using enzyme-coupled Substances. These Sub 
stances may be antibodies, fragments of antibodies, or 
high-affinity ligands, Such as avidin which binds to a biotin 
label. For example, peroxidase, alkaline phosphatase, B-ga 
lactosidase, urease, or glucose oxidase are possible as 
enzymes. The bonded enzymes and thus, the bonded tTG 
antibodies, for example, may be quantified by adding a 
chromogenic Substrate. 
0037. In a radioimmunoassay, the antigen, e.g., tTG is 
likewise bonded directly or indirectly to a carrier Substance 
Such as polystyrene. Following incubation with the antibod 
ies to be detected, e.g., from Serum of patients, the antigen 
bonded antibodies are detected using Substances bearing a 
radioactive label, e.g., 'I. These Substances may be anti 
bodies, fragments of antibodies, or high-affinity ligands, 
Such as avidin which binds to a biotin label. The bonded 
radioactivity may be quantified using a Suitable measuring 
instrument. 

0038. In an immunofluorescence assay, the antigen 
bonded antibodies are detected according to the same prin 
ciple, using Substances which carry a fluorescent label, e.g., 
fluorescein isothiocyanate (FITC). These substances may be 
antibodies, fragments of antibodies, or high-affinity ligands, 
Such as avidin which binds to a biotin label. The bonded 
amount of fluorescent dye is then quantified using a Suitable 
measuring instrument. 
0039. According to the invention, it is also possible to 
detect the patient antibodies in an agglutination assay or a 
gel diffusion assay. These detection assays are also familiar 
to a perSon Skilled in the art. Thus, in a gel diffusion assay, 
the antigen or antibody Solutions, for example, are placed 
into closely adjoining wells of agar or agarose plates. In the 
present case, the antigen Solution may be, e.g., the tTG 
Solution, and the antibody Solution may be blood Serum, for 
example. AS the Substances diffuse out of their wells, con 
centration gradients are produced Starting from the Wells. If 
the overlapping antigen and antibody concentrations in the 
gel fall within Specific ratios, and the antibody Solution 
contains antibodies against the antigen, perceptible precipi 
tates are formed in the gel. 
0040. In the agglutination assay, antigence.g., tTG)-bear 
ing particles, e.g., from latex or polystyrene, are crosslinked 
by antibodies, e.g., from Serum. The aggregates produced 
may be detected using turbidimetry, for example. 
0041 According to the invention, it is particularly pre 
ferred to perform the detection in the Serum of Sprue patients 
using an IgA-Specific or IgG-Specific ELISA. It was found 
that the tTG-based, newly developed ELISA detection of 
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IgA antibodies in the Serum of Sprue patients is excellently 
Suited for the diagnosis and therapy control of Sprue as a 
result of its high Sensitivity and Specificity. This is also 
apparent in the follow-up of the treated patients (drop in titer 
during therapy). A comparison of the ELISA data of the 
invention with the immunofluorescence evaluations of third 
persons (detection of IgA anti-endomysium) shows good 
conformity. Incongruities especially occur with low anti 
body titers which, however, are a result of the indirect 
immunofluorescence being deemed as top level Standard up 
to now. Inter alia, this is due to the Subjective evaluation and 
the non-specific concurrent reactions of this prior art 
method. 

0042. The corresponding detection based on antibodies 
from other classes, exemplified by the IgG antibodies, is 
Suitable for identifying Sprue patients with IgA deficiency 
and for the examination of other diseases accompanied by an 
immune reaction against tTG. 

0.043 Another improvement of this direction method 
results when using purified tTG from guinea pigs, human 
tTG, Sequences or analogues obtained by proteolysis or 
genetic engineering, as well as Synthetic immunogenic tTG 
peptides in the test System. An ELISA for the diagnosis and 
follow-up of other diseases accompanied by an immune 
reaction against tTG will be described in Example 3.3. 

0044) The invention is also directed to an oral pharma 
ceutical agent according to claim 10 for the treatment of 
diseases accompanied by an immune reaction against tTG, 
tTG-containing compounds, the antigenic structures, 
immuno-reactive Sequences or analogues thereof. Prefer 
ably, the oral administration form is a tablet or a capsule 
where an oral tolerance is produced by administering tTG, 
tTG-containing compounds, the antigenic structures, immu 
noreactive Sequences or analogues thereof. On the one hand, 
Said oral tolerance is achieved by oral Supply of the autoan 
tigen, and on the other hand, there is a So-called “byStander 
effect': if the autoantigen inducing the disease in unknown, 
another antigen contacting the immune System in the target 
organ can be used in oral therapy in Some cases. This antigen 
then is capable of locally Stimulating the antigen-Specific 
Suppressor T cells, thereby Suppressing a Systemic immune 
response. Only at higher antigen doses, an anergy of autore 
active T cells is induced. 

0.045 Oral tolerance is the practical method of treating 
miscellaneous autoimmune diseases. 

0046) The pharmaceutical agent of the invention is pref 
erably used in the treatment of Sprue, but also for other 
chronic inflammatory intestinal diseases and autoimmune 
hepatitis. 

0047 According to the invention, tTG, tTG-containing 
compounds, the antigenic Structures, immunoreactive 
Sequences or analogues thereof are administered at a dosage 
of 0.01-100 mg/kg body weight. 

0.048. The pharmaceutical agent of the invention may 
optionally contain pharmaceutically tolerable adjuvants, 
Such as fillers, lubricants, disintegrants, binders, or release 
agents normally used in galenism. The ratio of the pharma 
ceutically adjuvants may vary within wide limits depending 
on the Selected content of active ingredient, and is from 0.1 
to 20% by weight in each case. 
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0049. In particular, the advantages achieved with the 
present invention can be seen in a detection assay for Sprue 
and the therapy control thereof, which assay is non-invasive, 
highly specific, and directed immediately against the agent 
asSociated with the disease. Moreover, a major advantage of 
the assay that has been developed is the rapid, easy and 
cost-favorable practicability, as well as the possibility of 
standardizing between different laboratories. Thereby, the 
assay permits efficient Screening of the population for anti 
bodies directed against tTG. 

0050 Also, as a result of the objectiveness of the assay 
data, the potential of quantitative evaluation is Superior 
compared to the immunofluorescence evaluation involving 
Subjective features. In addition, immunofluorescence evalu 
ations, particularly with low titers, are hampered by non 
Specific concurrent reactions. By using the Specific auto 
antigen in the test System, the non-specific reactions on 
esophagus material of primates or on umbilical cords in 
immunofluorescence can be eliminated to the furthest pos 
sible extent. 

0051 Since the assay is applicable to IgA class antibodies 
as well as other classes of antibodies, Sprue patients with IgA 
deficiency are also identified. The detection based on anti 
bodies against tTG is also Suitable for the identification, 
examination and therapy control of other diseases accom 
panied by an immune reaction against tTG. 

0052 Also, as a result of the identification of tTG as an 
autoantigen of Sprue, it is possible to use same in its entity 
or the immunoreactive epitopes thereof (Sequences, ana 
logues or Synthetic peptides produced by proteolysis or 
genetic engineering) in the oral therapy of Sprue and other 
diseases accompanied by an immune response to tTG. 

EMBODIMENTS 

EXAMPLE 1. 

0053) 
0054) 1.1. Immunofluorescence, APAAP Stainings 

Isolation and Characterization of the Autoantigen 

0055. The stainings were carried on various cell lines 
fixed in 100% methanol for 2 min at -20° C. 

0056. In the immunofluorescence detection, the prepara 
tions were incubated with Sprue and control Serums, respec 
tively, washed and detected using a TRITC-labelled anti 
human IgA from rabbit (Schuppan et al., J. Biol. Chem. 
1990; 265, 8823-32). 
0057 APAAP labelling was carried out after incubating 
the cells with the Sprue Serums, Washing and Subsequent 
detection using the APAAP complex (Cordell J. L. et al., J. 
Histochem. Cytochem. 1984; 32, 219–229). 

0.058 Here, HT1080 (human fibrosarcoma cells) WI38 
(human, lung embryonal fibroblasts), Hep 1 and HepG2 
(hepatocarcinoma cells) showed unequivocally positive 
cytoplasmatic signals with the patient Serums, whereas 
normal Serums or pretreatment with human IgA did not 
show any labelling. Human prepuce fibroblasts, human 
rhabdomyo-sarcoma (RD)/rat Ito?rat Morris hepatoma, and 
dog MDCK cells only showed from very faint to negative 
reactions. 
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0059) 1.2 Metabolic Cell Labelling and Immunoprecipi 
tation of the Autoantigen 
0060 Characterization and isolation of the autoantigen 
were carried using HT1080 cells. 
0061 The cells were cultivated with L-alanyl-L- 
glutamine, 10% fetal calf serum (FCS, Gibco), 100 U/ml 
penicillin, and 100 ug/ml Streptomycin (Seromed) in Dul 
becco's modified Eagle medium (DMEM, Gibco) at 37° C. 
and 8% CO. For metabolic labelling, the cells were trans 
ferred into culture dishes of 5 cm in diameter, and once a 
-90% confluence was reached, they were kept in a medium 
free of methionine and FCS, whereafter this medium was 
replaced by 3 ml of an FCS-free medium containing S 
methionine (0.2 mCi, ExpreSS, NEN-Dupont). After 
16-20 hours of incubation, the Supernatant was removed. 
The cells were washed with phosphate buffer (PBS, 
Seromed), and Subsequently lysed in 3 ml of lysis buffer (50 
mM Tris-HCl, 150 mM NaCl, 0.5% Triton X-100, 0.5% 
IGEPAL CA-630 non-ionic detergent Sigma), CompleteOR 
protease inhibitor Boehringer), pH 7.5). Thereafter, an 
immunoprecipitation using CNBr-activated Sepharose 4B 
(Pharmacia) was carried out both with the medium and the 
cell lysate. 
0.062 Activation and binding to Sepharose were con 
ducted according to the manufacturer's instructions. After 
Swelling and washing in 1 mM HCl, pH 2.5, the CNBr 
activated Sepharose was incubated with an antibody from 
rabbit directed against human IgA (Dianova, 2.4 mg anti 
body/ml of Sepharose) in 0.1 M NaHCO, 0.5 M NaCl, pH 
8.3, at 4 C. overnight. Non-bonded antibodies were 
removed by Washing with the coupling buffer, and unoccu 
pied binding sites were Saturated by adding 1 M ethanola 
mine, pH 9.0, at room temperature, 2 hours. Thereafter, the 
Sepharose was washed 3 times alternately (10xVol. each) 
with 0.1 M sodium acetate, 0.5 M NaCl, pH 4.0, and 0.1M 
Tris-HCl, 0.5 M NaCl, pH 8.0, followed by incubation of the 
Sepharose with Serums from Sprue patients and healthy 
persons, respectively (0.5 ml serum/ml Sepharose), in cou 
pling buffer (50 mM Tris-HCl, 150 mM NaCl, 1 mM CaCl, 
1 mM MgCl, pH 8.0) at 4 C. overnight. Excess serum 
antibodies were removed by 3 washings with coupling 
buffer. 

0063 Each time, 1 ml of HT1080 medium or cell lysate 
(about 5x10" cells) of the metabolic-labelled cells was 
pre-incubated with 50 lull of C14B Sepharose (Pharmacia) 
for 30 min at room temperature, to remove non-specifically 
bonding proteins. Following centrifugation (10,000xg, 5 
min, 4 C.), each of the Supernatants were incubated with 
agitation at 4 C. overnight with 50 ul of the Sepharose to 
which IgA from the patients and control perSons, respec 
tively, had previously been bonded. The Sepharose pellets 
were then washed each time with 3x1 ml washing buffer (10 
mM Tris-HCl, 1% IGEPAL CA-630 Sigma), 0.5% sodium 
deoxycholate, 0.1% sodium lauryl Sulfate, CompleteCRIBoe 
hiringer), pH 8.0), followed by 1 ml 10 mM Tris-HCl, pH 
8.0. Then, the pellets were taken up in SDS assay buffer, 
incubated for 5 min at 95 C. under reducing or non 
reducing conditions, separated on a 10-12.5% SDS poly 
acrylamide gel (Lämmli, U.K., Nature 1970; 227, 680-685), 
and detected using autoradiography (FIG. 1). 
0064. In further examinations, the bonded high molecular 
weight protein from the medium was found to be fibronectin 
which, inter alia, is non-specifically bonded to Sepharose. 
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0065 However, a cell-associated protein of 85 kDa could 
be precipitated with all the 30 sprue serums used so far in 
this way, whereas the same was not possible with 15 control 
Serums, including normal Serums, Serums from patients with 
Colitis ulcerosa and Sjoegren Syndrome. It was concluded 
from this fact that this protein represents the essential 
autoantigen of Sprue. 
0066 By means of protein staining of the gels using 
silver nitrate (Henkeshoven, J. et al., Electrophoresis 1985; 
6, 103-112), a sharp protein band was assigned to the 
autoradiographically visible 85 kDa band. 

0067. 1.3. Isolation and Purification of the 85 kDa 
Autoantigen 

0068. In order to isolate larger quantities of the autoan 
tigen, a total of 65 culture dishes (175 cm each) with 
HT1080 cells (about 10° cells) were cultivated. A short time 
before reaching confluence, the medium was replaced by an 
FCS-free medium, followed by incubation for another 16-20 
hours in a CO2 incubator. Lysis and immunoprecipitation, 
respectively, were effected as described above. The 
Sepharose pellet was incubated in a total of 4.5 ml SDS 
assay buffer with 2% DL-dithiothreitol (Sigma) for 5 min at 
95 C. to detach bonded proteins and subsequently scruti 
nized in the analytic SDS polyacrylamide gel. 
0069. For further purification of the autoantigen, the 
immunoprecipitate was Separated via elution electrophoresis 
as follows, using a Prep Cell (Model 491 BIO-RAD): 4.5 ml 
of the protein mixture was placed on top of a round gel 
(outer diameter: 3 cm) consisting of 6.5 cm separation gel 
(8% polyacrylamide, pH 8.8) and 1.5 cm collecting gel (4% 
polyacrylamide, pH 6.8) and separated by electrophoresis. 
The individual proteins were collected in the elution buffer 
(25 mM Tris-HCl, 0.1 M glycine, 0.01% SDS, pH 8.3) as 
fractions of 1.2 ml each (0.8 ml/min). The eluted fractions 
were scrutinized in the SDS PAGE, and the fractions con 
taining the desired protein (about 15 ml) were combined and 
concentrated to about 1 ml overall Volume using ultrafiltra 
tion (Amicon Centriprep-50, at 1,000xg). 
0070) 1.4. Protease Digestion of the Autoantigen 
0071 Amongst several tested proteases, endoproteinase 
Asp-N (Sequencing grade, Boehringer Mannheim) was 
determined to be Suitable for fragmentation, because it 
permitted a largely reproducible cleavage pattern with rela 
tively well-Separable fragments. The enzyme/Substrate con 
centration was adjusted to 1:100, and the digestion was 
carried out for 30 min at 37 C. 

0072) 1.5. Transfer to PDVF Membrane 
0073. Following digestion of the purified autoantigen, the 
peptide fragments were separated on a preparative 10% 
Tricine gel (Schägger, H. et al., Anal Biochem. 1987; 166, 
368-379) (FIG. 2) and transferred at 4° C. onto a PVDF 
membrane (polyvinylidene difluoride, ImmobilonTM, Milli 
pore) in a semi-dry fastblot procedure using graphite-con 
taining electrode plates (Fastblot 332/33, Biometra). To this 
end, the following layers were placed on the anode plate: 1.) 
a filter paper soaked in anode buffer 1 (300 mM Tris-HCl, 
20% methanol, pH 10.4), 2) a filter paper soaked in anode 
buffer 2 (30 mM Tris-HCl, 20% methanol, pH 10.4), 3.) the 
PVDF membrane activated in methanol and pre-equilibrated 
in anode buffer 2, 4) the Tricine gel, 5.) two filter papers 
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soaked in cathode buffer (25 mM Tris-HCl, 40 mM e-amino 
n-caproic acid, 20% methanol, pH 9.4), 6.) the cathode plate. 
The transfer was carried out over 35 min at 180 mA. 

0074 Thereafter, the PVDF membrane was stained in 
0.1% Coomassie Blue Serva R-250, 50% methanol for 5 
min, bleached with 50% methanol, 10% acetic acid, washed 
thoroughly with distilled water, and air-dried. The charac 
teristic bands of the digested autoantigen at 10 kDa, 14 kDa, 
16 kDa, and 25 kDa were cut out carefully and subjected to 
a first Sequencing at the N terminus. 
0075) 1.6 Edman Degradation 
0.076 (According to Edman and Henschen in: Needle 
man, S. B.: Protein Sequence Determination, Springer Ver 
lag, Berlin. 1975; 232-279) 
0.077 Sequencing using an Applied Biosystems 4778 
Sequenator resulted in three amino acid Sequences which 
were compared with the Swiss Prot 31 data base (by 
PC/GENES, IntelliGenetics). From these, an unequivocal 
assignment of the three fragments to human tissue trans 
glutaminase (tTG, EC 2.3.2.13, protein glutamine 
Y-glutamyl-transferase) could be made with minimum dis 
cordance. The indications are given using the “one letter 
code'; X represents no identification: 

0078 t-Transglutaminase: 28'REKLVVRRGOPFW 
0079) 10 kDa fragment: REKLVVRRGQPF(S) 
0080 t-Transglutaminase: 581'DLYLENPEIKIRILG 
0081) 14 kDa fragment: DLYLENPEIXIXILG 
0082 t-Transglutaminase: 438'DITHTYKYPE 
0083) 16 kDa fragment: DITLTYQYP(V) 

0084. No equivocal sequence could be assigned to the 25 
kDa fragment, because it was a peptide mixture. 

EXAMPLE 2 

0085 Confirmation of Tissue Transglutaminase (tTG) as 
Sprue Autoantigen 
0.086 2.1. Immunoprecipitation of Guinea Pig tTG 
0.087 Being commercially available and having sequence 
homology (<80%) to human tTG, the tTG from guinea pig 
liver (Sigma) was first separated by gel electrophoresis, in 
order to check the purity thereof. In addition to several other 
proteins, tTG, being about 50%, represents one of the major 
bands. 

0088 Although human tTG having 687 amino acids 
differs only slightly from the guinea pig protein having 690 
amino acids, these two proteins show highly different 
migrating behavior in the SDS polyacrylamide gel. While 
the protein of animal origin appears at 75-80 kDa as 
expected, the human protein shows a distinctly leSS rapid 
migration, pretending an apparent molecular weight of 85 
kDa as described in literature Gentile, V., et al., J. Biol. 
Chem. 1991; 266, 478-483), despite apparently lacking 
N-glycosylation. 
0089. The reactivity of the human autoantibody from 
Sprue Serums with guinea pig tTG was tested in an immu 
noprecipitation. To this end, 4 ug of tTG (Sigma) in 500 ul 
of lysis buffer and 0.5% bovine serum albumin were agitated 
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at 4 C. overnight with sprue IgA coupled to 4B Sepharose, 
washed, boiled in SDS assay buffer under reducing condi 
tions, and separated on a 10% polyacrylamide gel (cf. 
4.1.2). Here, specific precipitation of the expected band 
(m.w. 80 kDa) occurred, but none of the impurity. 
0090 2.2 Confirmation of tTG as Autoantigen in a West 
ern Blot 

0091. Following separation of 2 tug of guinea pig tTG on 
an SDS gel and transfer onto nitrocellulose, the blot was 
blocked in PBS, 2% low-fat skim milk powder, 0.3% Tween 
20, pH 7.3, at 4 C. overnight. This was followed by a one 
hour incubation with Sprue Serum (/200) in the same buffer, 
three Washing StepS and a one hour incubation with alkaline 
phosphatase-coupled rabbit antibodies against human IgA 
(/500). The blots were washed in PBS and developed with 
Nitro Blue Tetrazolium and 5-bromo-4-chloro-3-indolyl 
phosphate as Substrate (Blake, M. S., et al., Anal. Biochem. 
1984; 136, 175-179). 
0092. The 75-80 kDa band gave an unequivocal positive 
Signal with the Sprue Serum, which is another proof that the 
Serums of Sprue patients contain IgA class antibodies against 
tTG, whereas control Serums did not give any signal. 
0093 2.3. Confirmation of tTG as Endomysium Autoan 
tigen Using Indirect Immunofluorescence 
0094) Esophagus tissue sections from primates (Euroim 
mun, Germany) were used in the indirect detection of the 
IgA antibodies against endomysium in Sprue Serums and 
their inhibition by tTG. Following pre-incubation of 10 ul of 
patient serum diluted /320 in PBS with 0.5 or 10 ug of tTG 
from guinea pigs (Sigma) and 10 ug of BSA (Sigma) for 1 
hour at room temperature, incubation thereof with Said 
esophagus Sections was performed for 1 hour at room 
temperature in humid atmosphere. Sprue Serum (/320) and 
Serums of healthy individuals (/So) were used as positive and 
negative controls, respectively. After the Sections had been 
washed three times in PBS/0.2% BSA and air-dried, the 
detection of the autoantigen with a TRITC-labelled rabbit 
antibody against human IgA (Dianova), diluted /so in PBS, 
was effected for 1 hour at room temperature. ExceSS anti 
bodies were removed by Successive washings with PBS/ 
0.2% BSA, PBS, and distilled water. 
0095 The patient serum showed clear staining of the 
ECM by the IgA class antibodies which were inhibited by 
adding increasing concentrations of tTG, but not by pre 
incubation with BSA. The control using serum of healthy 
individuals did not show any Staining of the esophagus 
Sections. 

EXAMPLE 3 

0096 3.1. Development of a Sprue-Specific ELISA with 
IgA Antibodies for the Diagnosis and Follow-up of Sprue 
0097. 1 ug of guinea pig transglutaminase (Sigma 
T-5398) in 100 ul PBS was pipetted into each well of 
polystyrene microplates (Greiner Labortechnik, 96 Wells) 
and incubated for 2 h at 37 C. under slightly rotating 
motion. Non-bonded tTG was removed by washing with 
PBS (3x200 ul), the free bonding sites of the wells were 
blocked with 1% bovine serum albumin (Sigma) in 250 ul of 
PBS at 4° C. overnight. After washing with PBS/0.1% 
Tween 20 (3x200 ul), the wells were incubated with sequen 
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tial serum dilutions in PBS/0.1% Tween 20 (100 ul) for 1 
hour at room temperature under Slightly rotating motion, 
washed with PBS/0.1% Tween 20 (3x200 ul) and subse 
quently incubated with a peroxidase-conjugated rabbit anti 
body directed against human IgA (Dianova) (/400 in 100 ul 
PBS/0.1% Tween 20) for 1 hour at room temperature. After 
washing with PBS (3 times), a 30 min incubation at room 
temperature in the dark, using 200 ul 0.1 M citrate buffer, 
17.6 mMHO, 5.5 mMo-phenylenediamine hydrochloride 
(Sigma), pH 4.2, and Subsequent detection of the formed dye 
in an ELISA reader (MRX, Dynatech Laboratories) at 450 
nm were performed. 
0.098 20 serums of sprue patients were tested before and 
after therapy using a gluten-free diet, i.e., in the active and 
less active phases of the disease. The test System was found 
to be highly Sensitive, with a good correlation of the values 
to the Sprue active phase. The therapeutical Success as a 
result of observing a diet was reflected in a decrease of the 
IgA antibodies against tTG. The high Specificity became 
obvious in the low extinction (background level) of the 
control serums of healthy individuals, patients with Colitis 
ulcerosa, liver cirrhosis, miscellaneous tumors, Soegren 
syndrome, etc. (FIG. 3). 
0099 3.2. Development of an ELISA Using Antibodies 
from Other Classes for the Diagnosis and Follow-up of 
Sprue, with IgG Antibodies as Example 
0100 AS about 2% of the sprue patients have an IgA 
deficiency, the Serums were tested for their Sensitivity and 
specificity of IgG antibodies against tTG. The ELISA was 
performed as in 3.1., only the peroxidase-coupled anti 
human IgA antibody (Dianova) was replaced by an anti 
human IgG antibody (Dianova). With respect to their sen 
sitivity, the values of the sprue patients both before and after 
gluten-free diet were corresponding to the data obtained 
with IgA antibodies. 
0101 Some of the control serums showed slightly 
increased values, which corresponds to earlier findings of a 
reduced Specificity of the endomysium antibodies in the in 
direct immunofluorescence of the IgG class (FIG. 4). 
0102 3.3. Development of an ELISA for the Diagnosis 
and Follow-up of Other Diseases Accompanied by an 
Immune Reaction against tTG, with IgG Antibodies as 
Example 

0103) The ELISA was performed as described in 3.2. 
0104. The serums of patients with chronically inflamma 
tory or autoimmune diseases (Colitis ulcerosa (C.U.), Mor 
bus Crohn, acute autoimmune hepatitis) showed from 
Slightly to moderately increased values. 
0105 Thus, by using the IgG-Specific ELISA for autoan 
tibodies against tTG, the diagnosis and therapy control of 
patients Suffering from diseases accompanied by an immune 
reaction against tTG is possible. 

EXAMPLE 4 

0106 A New Function of Tissue Transglutaminase (tTG) 
in the Crosslinking of Gliadin 
0107 While a wide spectrum of acyl acceptors is avail 
able for the tTG-catalyzed reaction, only few molecules are 
capable of acting as acyl donors. In an in Vitro experiment, 
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the tTG-mediated incorporation of radioactively labelled 
putrescine into gliadin and thus, the function of gliadin as 
donor substrate of tTG could be established. In 160 ul of 
buffer (0.1 M Tris-HCl, 150 mM NaCl, 5 mM CaCl, pH 
7.5), 1 ug of Substrate (gliadin or control proteins Such as 
albumin), 2 uCi H-putrescine, and 1 lug of tTG (from 
guinea pigs, Sigma) were incubated for 2 hours at 37°C. The 
reaction was stopped by adding 100 ul of 50% trichloro 
acetic acid (TCA), and the proteins were precipitated at 4 
C. overnight. Following centrifugation, the pellets were 
washed with 10% TCA, dissolved in SDS assay buffer and, 
on the one hand, separated in an SDS PAGE and, on the 
other hand, used in a Scintillation count. While no incorpo 
ration of putrescine could be determined with the controls, 
gliadin shows clear incorporation of H-putrescine both in 
the Scintillation count data and in the SDS PAGE, proving 
that gliadin is an excellent substrate for tTG. 

Abbreviations 

0108) Ab: Antibody 
0109 APAAP: Alkaline phosphatase anti-alkaline pnOSp 
phosphatase 

0110 BSA: Bovine serum albumin 
0111 cm: Centimeter 
0112 DMEM: Dulbecco's modified Eagle Medium 
0113 EC: Enzyme Commission 
0114 ELISA: Enzyme-linked immunosorbent assay 
0115 ECM: Extracellular matrix 
0116 FCS: fetal calf serum 
0117 h: hour(s) 
0118 HO: Hydrogen peroxide 
0119 HLA: Human lymphocyte antigens 
0120 IEL: Intraepithelial lymphocytes 
0121 Ig: Immunoglobulin 

0122 kDa: Kilodalton 
0123 M: Molar 
0124 mA: Milliampere 
012.5 MHC: Major histocompatibility complex 

0.126 min: Minute(s) 
0127 mM: Millimolar 
0128 M. Relative molecular mass 
0.129 ug: Microgram 

0130 ul: Microliter 
0131 PAGE: Polyacrylamide gel electrophoresis 
0132) PBS: Phosphate buffer 
0.133 PLA: Phospholipase A 
0134) PVDF: Polyvinylidene difluoride 
0135 SDS: Sodium dodecyl sulfate 
0136 TCA: Trichloroacetic acid 
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0137) TGF: Transforming growth factor 
0138 Tris: Tris(hydroxymethyl)aminomethane 
0139) 
1. A method for immunologically identifying the celiac 

disease, characterized in that anti-tTG antibodies in body 
fluids are detected by an immunoreation with a tissue 
transglutaminase (tTG), with tTG-containing compounds, 
with antigenic structures thereof, with immunoreactive 
Sequences or analogs thereof. 

2. Method according to claim 1, characterized in that 
human IgA and/or IgG antibodies are detected. 

3. Method according to claim 1 or 2 characterized in that 
the tTG or tTG-containing compounds are of human, ani 
mal, Synthetic or recombinant origin. 

4. The method according to one of claims 1 through 3, 
characterized in that the detection is performed using a per 
Se known immunoassay, preferably with direct or indirect 
coupling of one reactant to a well-detectable labelling Sub 
Stance. 

tTG: TiSSue transglutaminase 
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5. The method according to claim 4, characterized in that 
the detection is carried out on a Solid phase. 

6. The method according to claim 4, characterized in that 
the detection is carried out using an ELISA, RIA or an 
immunofluorescence assay. 

7. Use of tTG, tTG-containing compounds, the antigenic 
Structures, immunoreactive Sequences or analogues thereof 
in the diagnosis or therapy control of auto-immune diseases. 

8. The use according to one of claim 7 for the diagnosis 
or therapy control of coeliac disease. 

9. An oral pharmaceutical agent including tTG, tTG 
containing compounds, the antigenic Structures, immunore 
active Sequences or analogues thereof and optionally, phar 
maceutically tolerable adjuvants, for the treatment of coeliac 
disease. 

10. Use of tTG-containing compounds, the antigenic 
Structures, immunoreactive Sequences or analogues thereof 
in the production of oral pharmaceutical agents for the 
treatment of coeliac disease. 

k k k k k 


