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(57) Abrégée/Abstract:

A non-instrumental assay for the diagnosis of celiac disease based on the general Immunochromatographic assay principles. The
assay Is rapld and simple and allows the reliable detection of anti transglutaminase antibodies, of both IgA and IgG isotype, In

B
.
'
e
BTN .
N : "c'-'-.n:‘-:{\: e L~
0

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2349274 C 2009/08/25

anen 2 349 274
13) C

(57) Abrege(suite)/Abstract(continued):

samples of human serum, plasma or blood, using as tracer the antigen transglutaminase conjugated to a colored substance, like
colloidal gold or colored latex particles. The conjugated antigen Is deposited onto an inert fiborous support, from where it can be
released by a liquid sample. The antibodies In the sample react with the conjugated antigen developing an immunocomplex that
migrates through a carrier membrane, like nitrocellulose or nylon with a pore size that allows a laminar flow of the reagents, until it
reacts with the same antigen transglutaminase immobilized onto a reactive zone of the membrane. As a conseguence of this
reaction the immunocomplex will be trapped In the reaction site and a colored signal will be seen. Therefore a visually detectable

sighal In the reactive zone of the membrane indicates a positive result for the detection of anti transglutaminase antibodies In the
sample.
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ABSTRACT

ASSAY FOR ANTI TRANSGLUTAMINASE ANTIBODIES

A non-instrumental assay for the diagnosis of celiac disease based on the general
immunochromatographic assay principles. The assay is rapid and simple and allows the
reliable detection of anti transglutaminase antibodies, of both IgA and IgG 1sotype, 1n
samples of human serum, plasma or blood, using as tracer the antigen transglutaminase
conjugated to a colored substance, like colloidal gold or colored latex particles. The
conjugated antigen is deposited onto an inert fibrous support, from where 1t can be released
by a liquid sample. The antibodies in the sample react with the conjugated antigen
developing an immunocomplex that migrates through a carrier membrane, like nitrocellulose
or nylon with a pore size that allows a laminar flow of the reagents, until 1t reacts with the
same antigen transglutaminase immobilized onto a reactive zone of the membrane. As a
consequence of this reaction the immunocomplex will be trapped 1n the reaction site and a
colored signal will be seen. Therefore a visually detectable signal in the reactive zone of the
membrane indicates a positive result for the detection of anti transglutaminase antibodies 1n

the sample.
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DESCRIPTION

ASSAY FOR ANTI TRANSGLUTAMINASE ANTIBODIES

The present invention 1s related with the field of biotechnological, particularly with
biomedical diagnosis. The technical objective of the mvention 1s to develop a rapid, simple,
and reliable one-step visual assay for the detection of anti transgiutaminase antibodies, of
both IeA and IgG 1sotypes, in samples of human serum, plasma or blood. Until now the
detection of anti transglutaminase antibodies have been performed by instrumental methods
like enzyme linked immunosorbent assay (ELISA) or by radioligand assay (RLA). These
assays have shown to be useful for cehiac disease diagnosis.

Celiac disease (CD) is a severe gastrointestinal disease that affects genetically susceptible
individuals. CD 1s characterized by a permanent intolerance of proteins from wheat, barley,
rye, and oats. Although the physiopatholgy of CD 1s not completely understood it 1s clear that
the presence of the toxic proteins in the patient’s diet causes a total or partial damage of
intestinal mucosa (Brandtzacg, P. 1997. Mechanisms of gastrointestinal reactions to food.
Environmental Toxicology and Pharmacology 4;9-24) leading to severe malabsorption
symdromes and causing diarrhea, vomit, abdominal pain, anorexia, growth retard, under
nutrition and anemia. CD has been associated with a higher risk for intestinal cancer in non-
diagnosed and untreated patients (Holmes GKT, 1989. Malignancy in coehac disease-eftect
of a gluten-free diet, Gut 30;333-338). CD affects mainly children under three years old, but
it 1s also common in adults, and sometimes 1s clinically atypical or asymptomatic (Ferguson
A, et al. 1992. Definitions and diagnostic criteria of latent and potential coeliac disease. Ed
by Aurricchio S, Visakorpi JK, in Epidemiology of CD. Dyn Nutr Res, Basel, Karger 2;119-
127). CD 1s more frequent 1n patients with other genetic or autoimmune disease, as insulin
dependent diabetes mellitus, Down syndrome, selective IgA deﬁciency, and dermatitis
herpetiformis.(Sirgus N et al. 1993. Prevalence of coeliac disease in diabetic children and
adolescents 1in Sweden. Acta Pediatr 60;491-494; Zubillaga P et al. 1993. Down syndrome
and coeliac disease. J Pediatr Gastroenterol Nutr 16:168-171; Boyce N. 1997. Testing for
cehac disease may be soon on the rise. LabMedica Internat 14(4):8)

The chnmical symptoms CD could be confused with those produced by other gastrointestinal
diseases. In these cases CD 1s misdiagnosed and patients do not receive the specific
treatment, that 1s, a complete elimination of gluten in thetr dict. On the other hand, if a non-
cehac patient 1s wrongly diagnosed as celiac, he would undergo on unnecessary gluten free

diet for his whole life. That’s why a precise diagnosis of CD is essential.
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Currently the gold standard for CD diagnosis 1s intestinal biopsy, repeated three times:

- at the onset of the chinical symptoms.

- after several months on a gluten free diet.

- after a challenge with gluten

Because tntestinal biopsy 1s an invasive method and precise serological test have been
developed, the above critenia has been revised (Walker-Smith et al. 1990. Revised criteria for
diagnosis of coeliac disease. Report of Working group of European Society of Pediatric
Gastroenterology and Nutrition. Arch Dis Child 65:909-911). Nowadays serological tests can
be done at the onset of clinical symptoms and when they are positive, a confirmatory
intestinal biopsy will be indicated. The response to the treatment with a gluten-free diet can
be also followed by serological tests. If discrepancies occur between the clinical response to
the treatment and the result of serological tests a second ntestinal biopsy should be indicated.
Several serological tests have been developed for cehac diseasc diagnosis, as the detection of
antibodies to cellular antigens, or antibodies to food antigens, like gliadins. There are
diagnostic kits for the detection of:

e Anti-endomysial antibodies

e Anti-reticulin antibodies

e Anti-ghadin antibodies

Anti-endomysial antibodies (EMA) have shown to be the most specific one for the
scrological diagnosis of CD (Kapuschinska A et al. 1987. Disease specificity and dynamics
of changes 1n IgA class anti-endomysial antibodies 1n celiac disease. J Pediatric Gastroenterol
0:529-534; Rosst TM et al. 1988. Relationship of endomysial antibodies to jejunal mucosal
pathology: specificity towards both symptomatic and asymtomatic celiac. J Pediatr
Gastroenterol Nutr 7:858-863). Anti-endomysial antibodies are detected by indirect
immunofluorescence (IF) using slides of monkey endomysium or human umbilical cord,
which are incubated with the serum samples. The assay requires high technical expertise to
pertorm the test and for a correct interpretation of the results due to its intrinsic subjectivity.
But EMA 1s not a good method for the analysis of large number of samples in the screening
of CD 1n risk groups because of its complexity and high costs. Another disadvantage is that it
only detects anti-endomysial antibodies of IgA isotype and it is known that some CD patients
have a selective deficit of IgA. These patients will be negative by the test.

On the other hand anti-ghadin antibodies (AGA) have also been extensively used for

scrological diagnosis of CD (Stern M et al. 1996. Validation and standardization of
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serological screening tests for cocliac discase 1in 1996. 3 rd EMRC/ESPGAN Workshop, Dec
5> — 8, 1996, Molsheim, France, pp:9-24; Catasst C et al. 1999. Quantitative antighadin
antibody mecasurement in clintcal practice: an Italian multicentre study. Ital J Gastroenterol
Hapatol 31; 366-370). AGA are mainly dctected by ELISA, a more simple method than IF,
and can be used for the analysis of large number of samples. Nevertheless AGA are less
specific for CD than EMA and the detection of antibodies of IgA or IgG isotypes requires
two independent assays. Recently a visual immunoassay for the detection of AGA, which
solves some of these problems, has been reported (Garrote JA, Sorell L, Alfonso P et al 1999.
A simple visual immunoassay for the screening of coleliac disease. Eur. J. Clin Invest 29;
697-699; Spanish Office for Patents and Marks No. 9801067).

In 1997, Dietrich et al identified tissue transgluaminase (tTG), an 85 kDa protein, as the
major, 1f not the sole, auto antigen detected by anti-endomysial antibodies (Dietrich W et al.
1997. Identitication of tissue transglutaminase as the auto antigen of cehiac disease. Nat Med.
3:797-801). Detection of anti-tTG antibodies had been reported lately in ELISA or radio-
higand (RLA) formats based on tTG from guinea pig liver extracts or recombinant human tTG
cloned trom different tissues (Sulkanen S et al. 1998. Tissue transglutaminase autoantibody
enzyme-linked immunosorbent assay in detecting celiac disease. Gastroenterology 115:1322-
1328; Siessler J et al. 1999. "Antibodies to human recombinant tissue transglutaminase
measured by radioligand assay: Evidence for high diagnostic sensitivity for celiac disease.
Horm Metab Res 31; 375-379). Bazzigaluppi et al (Bazzigaluppi E et al. 1998. Comparison
of tissue transglutaminase-specific antibody assays with established antibody measurement
for coelac disease. Journal Autormmunity 12:51-56), described a radiobinding assay using
S methionine-labelled transgultaminase to detect IgG and IgA antibodies. For the
measurement of both IgG and IgA isotypes in the same assay they used a mixture of protein-
A Sepharose and anti-IgA agarose. Nevertheless the method is a multi-step assay, is time
consuming (overnight incubation), and needs a radioactivity counter. They also described
and ELISA for IgA or IgG anti transglutaminase antibodies, but it 1s also a multi-step method
that 1s time consuming and needs the use of a spectophotometer So, these methods do not
solve the technical problem of the present invention, that is, a simple one-step visual assay
tor the simultaneous detection of IgA and IgG transgltamniase antibodies in liquid samples.
Anti-transglutaminase assays have shown a similar or better sensitivity and specificity for
celiac disease diagnosis than EMA (Bazzigaluppi A et al. 1999. Comparison of tissue
transglutaminase-specific antibody assays with established antibody measurement for coeliac

disease. Journal of Autoimmunity 12:51-56; Amin M et al. 1999. Correlation between tissue
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transglutaminase antibodies and cndomysium antibodies as diagnostic markers of coeliac
disease. Clin Chim Acta 282: 219-225). As mentioned before, EMA assays were considered
until now the best serological test for the diagnosis of CD.

Nevertheless the detection of anti TG antibodies by ELISA or RLA has some limitations.
They are instrumental techniques that require and spectrophotometer or a radioactive-counter,
a highly technical expertise, and are laborious and time consuming methods with multiple
operations. Besides, two independent assays are required to detect IgG and IgA anti-TG
antibodies.

Different immunochromatographic assays (ICA) have been developed for the diagnosis of
pregnancy, and infectious and non infectious diseases. The general principles ICA are under
intellectual property, among them, Shanfun Ching et al. EP 0 299 428 B1, Rosenstein R. EP 0
284 232 B1, which are related to the present invention. '

Other patents claimed the utihization of these assays in the detection of different bio-
molecules (Campbell R. US Patent No. 4,703,017), drugs and non-protein antigens (Sung M.
US Patent No. 5,238,652), and for tumor associated antigens (Mamta Hideaki et al. EP
0396801). EP-A-0299428 is an invention relates for improving the performance binding
assay methods, kit and devices utilizing chromatographic mobile specific binding reagents
labeled with colloidal particles by means of selected solvents and chromatographic transport
facilitating agents, such as meta-soluble proteins. We do not use meta-soluble proteins in our
method.

The main purpose of the present invention 1s to develop a simple visual assay, for the
detection of anti1 TG antibodies. This method easy to perform does not require any laboratory
equipment and the results are reached in about 15 minutes by a one-step operation. The assay
allows the detection 1n a simple test of IgG and IgA anti-TG antibodies in human blood,
serum or plasma, by just putting the sample in the indicated place and waiting out for the
result of the test. To our knowledge this method 1s the easiest and fastest assay yet developed
to detect anti TG antibodies for cehac disease diagnosis. The assay can be performed in
laboratories with a minimal technical support, in physician’s office, both in urban or rural
areas, or even be used as an auto-test.

DETAILS OF THE INVENTION

According to the present invention a third generation immunochromatographic assay was
developed to detect 1gG and IgA anti-TG antibodies in just one-step in human blood, serum
or plasma for cehiac disease diagnosis.

The system has the following basic components (Figure 1):
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1. Antigen: Tisular transglutaminasc (1TG), obtamed from natural source or by recombinant
DNA technology. The antigen conjugated to a colored substance, like colloidal gold or
colored latex particles, serves as the tracer in the system.

2. An ert porous support, where the conjugated antigen 1s dcposited and drnied. This
support allows the release of the conjugated when 1t comes mto contact with a hquid
sample.

3. A nitrocellulose or nylon membrane with a pore size between 5 to 10 pm that allows the
migration of the reactants as a lateral flow through the membrane.

4. The antigen (tTG) immobihized onto a “reactive zone” of the nitrocellulose or nylon
membrane where 1t 1s firmly bound by electrostatic and hydrophobic interactions.

5. A control reagent able to react with the conjugated antigen (for example, anti-TG
antibodies, or a reagent able to bind colloidal gold), adsorbed onto the same membrane 1n
a subsequent control zone, that scrves to control the assay performance.

6. An absorbent pad placed at the end, and in contact with, the membrane. The adsorbent

pad allows the elimination of the excess of reagents after the migration.

The principle of the test 1s based on the bivalence of human IgG and IgA molecules for the
specific antigen. Based on this property i1t 1s possible that the same anti-TG antibody
molecule reacts by one binding site with the antigen in solution, in this case tissue
transglutaminase conjugated to the colored substance, while by the other binding site reacts
with the fixed antigen onto the nitrocellulose or nylon membrane. This reaction 1s evident by
forming a colored signal in the “reactive zone” of the membrane (Figure 2).

In the practice, when a volume of 100 to 300 uL of a liquid sample 1s added to the conjugated
antigen dried onto the nert support it 1s dissolved and migrates through the membrane. If the
sample contains specific anti-TG antibodies they react with the labeled antigen developing a
stable immuncomplex. Later, the immunocomplexes migrate to the “rcactive zone” where
they are captured by the same antigen (transglutaminase) fixed onto the membrane. The result
of this reaction s a visible colored signal 1n the “reactive zone™ as a result of the deposition
of the labeled immunocomplexes in this place. In negative samples for the presence of anti
TG antibodies, the immunocomplexes will not be developed, and therefore no colored signal
will be visible 1n the “reactive zone™ of the membrane (Figure 2).

To control the assay performancc, a reagent which reacts with the conjugated antigen is

adsorbed onto the same membrane 1n a subsequent “control zone” (Figure 2). This way, a
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colored signal will be visible 1n the “control zone” in both, positive and negative samples
(Figure 2). This second colored signal serves to control the functionality of the test.
Finally, an adsorbent pad placed at the end of the membrane, and in contact with 1t, allows

the ehhmination of the excess of reagents and improves the flow conditions (Figure 1).

EXAMPLES
Example 1. Assay method

Tissue transglutaminase obtained from natural source or by DNA recombinant technology is
conjugated to colloidal gold particles (20 to 40 um of diameter), according to Ohiver C.
(Ohver C, 1994. Conjugation of colloidal gold to proteins, Chapter 38 In: Javois LC, Human
Press Inc., ed. Method Mol Biol, 34:303-307).

When a sample of serum, plasma or blood 1s added to the inert support where the conjugated
1s deposited, the specific anti-TG antibodies react with the conjugated antigen developing an
immunocomplex (IC) that migrates through the mtrocellulose (NC) membrane (4 mm wide,
5-10 pm pore size). In a few minutes the [C reacts with the immobilized antigen (tTG) 1n the
“reactive zone” of the NC forming a colored signal in this place. In negative samples without
spectific anti-TG antibodies, IC will not be developed and therefore no colored signal will be
seen n the “reactive zone” of the NC.

Example 2. Control of the assay performance

For the evaluation of the assay performance, an anti-TG monoclonal antibody 1s adsorbed

onto the same NC membrane 1n a subsequent “control zone”, upper than the “reactive zone”

regarding the sample application site. When the excess of conjugated antigen reaches this

zone reacts with the monoclonal antibody given a colored signal.

According to the above two examples, the results of the test can be interpreted by visual
examination of the reactive and control zones after 15 minutes of the sample application. The
possible results are the following (Figure 3):

* Presence of two colored signals: Positive sample

* Presence of only a colored signal in the “control zone: Negative sample

* None colored signal: Non-valid result. Repeat the test.

Advantage of the method

1. Is a one-step test.

2. The assay does not require any instrumental equipment.
3. Easy to interpret the results.
4. Results in less than 15 minutes.
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5. Detection of IgG and [gA antt TG antibodies 1n the same test.
6. Effective method for diagnosis of cehac disease 1n patients with deficit of IgA

7. The assay can be performed with scrum, plasma or blood samples

DESCRIPTION OF THE FIGURES

Figure 1. General scheme of the assay. The conjugated antigen (tissue transglutaminase

conjugated to a colored tracer) 1s dried onto an 1nert fibrous support. The same antigen (tissue
transglutaminase) 1s adsorbed onto a “‘reactive zone” of a nitrocellulose or nylon membrane.
A monoclonal anti-transglutaminase antibody 1s adsorbed onto the same membrane in a
subsequent “control zone”. At the end of the right side the absorbent pad that allows the
elimination of the excess of recagents after migration. The wide arrow indicates the direction
of the lateral tlow. The zone for the sample application 1s also showed.

Figure 2. Assay principle. When the conjugated support 1s dipped on a liquid sample anti

tissue tranglutaminase antibodies react with the conjugated antigen, developing and
immunocomplex that migrates through the membrane strip. Immobilized tissue
transglutaminase 1n the nitrocellulose reacts with the immunocomplexes, because of the
bivalence of antibodies molecules, forming a colored signal in the “reactive zone”. Excess of
conjugated antigen and immunocomplexes continue migration and finally react with the anti
tTG monoclonal antibody forming a second colored signal in the strip. A positive result,
indicating the presence of anti-tTG antibodies in the sample, will be seen as two subsequent
visually detectable signals in the strip. A negative assay shows only a colored signal at the

“control zone” because the immunocomplexes were not developed.

Figure 3. Interpretation of the results. Fiftcen minutes after the addition of the sample:
Only one colored signal 1n the control zone: indicates a negative result
Two colored signals: 1ndicates a positive result

None colored signal: indicates a non-valid result, so that the assay should be repeated.
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CLAIMS

1. A method for detecting IgA or IgG anti-transglutaminase antibodies in a liquid

sample, the method comprising:
a) providing a system comprising:

1. an inert porous support wherein a tissue transglutaminase antigen
conjugated to a coloured substance is deposited and dried, and
wherein the nert porous support allows the release of the
conjugated antigen when 1t comes 1nto contact with the liquid

sample; and

11. a membrane comprising a reactive zone, the reactive zone

comprising an immobilized tissue translutaminase antigen;

b) adding the liquid sample to the inert porous support containing the tissue
transgluaminase antigen conjugated to a coloured substance, wherein the
conjugated antigen and/or an at least one immunocomplex formed
between antibodies 1n the iquid sample and the conjugated antigen

migrate to the reactive zone by lateral tlow; and

c) detecting binding of the at least one immunocomplex with the
immobilized antigen, wherein the binding of the at least one

immunocomplex with the immobilized antigen 1ndicates the presence of

[gA or IgG ant1 transglutaminase antibodies 1n the liquid sample.

2. The method according to claim 1, wheremn the membrane further comprises a
control zone, the control zone comprising a control reagent that binds with the

conjugated antigen.
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The method according to claim 2, further comprising detecting binding of the
conjugated antigen with the control reagent, whercin binding of the conjugated

antigen with the control reagent indicates performance of the method.

The method according to claim 1, wherein the sample 1s blood.

The method according to claim 1, wherein the sample 1s plasma.

The method according to claim 1, wherein the sample 1s serum.
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Figure 2
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Figure 3
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