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Induction of tolerance

The present invention pertains to a method for inducing tolerance to an antigenic material in an
individual by administering a compound increasing the COX-2 (cyclo-oxygenase 2) activity in
the individual's cells, in particular in cells involved in an immune reaction, and optionally also

increasing the TFN-y level, and a material or antigenic parts thereof, to which the individual

- develops adverse immune reactions. Specifically, the present invention pertains to a food or

pharmaceutical composition containing such compounds and the antigenic material or parts
thereof. In an alternative embodiment, the present invention also pertains to a novel ex vivo
method for determining an individual's tendency to develop an allergic reaction to an particular

material.

On of the modern diseases brought about by different environmental factors of the industrial
society is allergy. Allergy is a hypersensitive state induced by an exaggerated immune response
to a foreign agent affecting the lives of millions of living beings, often dictating what may be
eaten, touched, smelled or even where living beings may live. The body's reaction to the foreign

agent can range from minor inflarmation and discomfort to even death in severe cases.

The clinical symptoms produced in the course of allergic reactions are a result of two different
reactions, an early specific immune response and a late inflammatory reaction, respectively.
Inhaled allergens, such as e.g. pollens or mite dust, mediate the early phase by stimulating high
affinity immunoglobulin (IgE) receptors, e.g. mast cells and basophils, which in turn release
histamine and cytokines. This early phase lasts for about 30 minutes. The cytokines released
during the early phase from mast cells and basophils then mediate the late phase by recruiting
inflammatory cells into the nasal and upper respiratory tract passages. The influx of eosinophils,
macrophages, lymphocytes, neutrophils and platelets starts the inflammatory cycle. This late

phase generally lasts for up to about 2 days and amplifies the initial immune response which in

JP 2004-522725 A 2004.7.29
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turn triggers the release of more inflammatory cells.

Current treatments of allergy generally focus on two generic approaches. One regimen merely
treats the symptoms of allergy, wherein drugs, such as autihistamines, are utilized. One of the
drawbacks of such methods resides in that this approach most often entails repeated doses of the
corresponding drug to be administered and may involve undesirable side effects. In addition, it
acts only to treat symptoms, not the underlying condition responsible for the hypersensitive
condition. Another approach to treat allergy is the so-called desensitization therapy, which
includes injection of specific allergens into an individual. Yet, before being able to start the
treatment, the patient-specific allergens must first be recognized. Then the patient is injected
repeatedly with low doses of the allergens. This approach involves discomfort and may require as
many as 50 visits to a clinical practitioner. Moreover, the allergen to which the patient is

hypersensitive cannot always be identified, making desensitization treatment impossible.

In addition to the drawbacks mentioned above neither of the above approaches guaraniees
elimination of the hypersensitive state. Likewise, neither can protect against the development of a

hypersensitive state.

Apart from more and more people developing allergy to agents encountered in the environment,
such as pollen, fabric etc. the number of consumers suffering from food allergy is steadily
increasing. Particularly, serious problems are met with allergic reactions to cereals, nuts or milk
since these products are consumed as the staple food in most countries and contain a high

number of potential proteinaceous allergens.

For treating food allergy different approaches have been taken so far. One such approach aims at
excluding thé allergenic food material from the daily diet, which, however, proves difficult to
accomplish in practice, since it requires strict diet revision, usually involving restrictive measures
and may eventually affect the quality of life and/or inhibit the expected growth of young kids or

newborns.

Another approach involves modifying the source of the allergenic material itself such that its

allergic potential is reduced. This is generally achieved by depleting the food material of the

JP 2004-522725 A 2004.7.29
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allergenic component, which often raises problems in that the specific antigenic substance
(allergen) in the food material is frequently not known so that in most cases it is not clear which
component should be selectively removed. Another way to modify the allergenicity of the food
material is to treat said food material in a specific way, such as by heat or by proteolytic

enzymes.

In this respect- US-P-4,293,571 discloses the preparation of a hypoallergenic composition,
wherein a proteinaceous material is subjected to a hydrolysis treatment, the remaining, non
hydrolysed proteins are subjected to coagulation by heat treatment followed by an ultrafiltration
step to eliminate the coagulated material and macropeptides that might constitute allergens.

The problems encountered with food allergy are even more prominent in newborns, since they
are not able to unambiguously communicate their discomfort to the attending person so that the
allergic condition is most often detected only due to noticeable allergic symptoms, such as atopic

dermatitis, respiratory and/or gastrointestinal troubles.

The prevention of the allergic material may include several constraints in the houschold and
specific living rules for these infants. However, the key precaution in their diet is to avoid
sensitization by native proteins. E.g. it has been shown that by drastically reducing the ingestion
of native cow’s milk proteins, the incidence of cow’s milk allergy could be dramatically

decreased.

‘Whatever the dietary option, the completion of immune tolerance to the milk proteins cannot be
finally ensured without challenging the immune system with the blamed proteins. Until now, the
tolerance status can only be checked by extrapolation, when infants do not manifest specific

allergic response, after either local (Prick tests) or systemic challenge (DBPCFC).

Consequently, the problem of the present invention is to overcome the drawbacks of the prior art

and to provide a novel means to treat or prevent allergic symptoms.

The problem has been solved by providing a method for inducing tolerance to a given antigenic

material in an individual, which comprises administering to an individnal an antigenic material

JP 2004-522725 A 2004.7.29
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and a substance raising the COX-2 activity in the individual's cells, in particular in cells involved

in an immune reaction, such as lymphocytes, and/or increasing the IFN-y level.
In the figures,

Fig. 1 shows the modulation of the cellular immune response by drug and nutrient treatments

during tolerisation;

Fig. 2 shows a modulation of the humoral immune response to BLG by drug and nutrient

treatments during tolerisation;
Fig. 3 shows measurernents of PGE; and IFN-y for assessing oral tolerance.

COX-2 is an enzyme catalyzing inter alia the synthesis of prostaglandins from arachidonic acid.
Other known substrates for COX-2 include dihomo-gamma-linolenic acid (20:3n:6) and
eicosapentaenoic acid (EPA, 20:5n-3) producing PGE; and PGEj, respectively.

The human COX-2 gene has been cloned and its genomic pattern and the responsiveness of its
gene expression to different elements, such as cAMP, NF-xB and TGF-B, IL-1 or TNF-a has

been described.

According to the present invention the term "increasing the COX-2 activity" is to be understood
as increasing the enzymatic activity itself, such as by increasing the amount of cofactors or
improving cooperation with the said cofactors, or by increasing transcription and/or translation of

the protein in the cells or simply by increasing the amount of substrate.

Likewise, the term adverse immune reaction shall be understood as comprising any immune
reaction detrimental to the individual, such as allergic reactions, auto-immune reactions and

organ rejections.

In addition, the term cells of an individual shall comprise all cells, expressing COX-2 and which
are involved in tolerogenic activities. These cells include in particular cells involved in immune

reactions, such as antigen presenting cells, lymphocytes, in particular T-lymphocytes,

JP 2004-522725 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

an

WO 02/051437 PCT/EP01/15129

neutrophils, granulocytes, monocytes etc.

The antigenic material to be given to an individual may be general food material itself, self
material or non-food non-self material. Examples for such food materials are milk, egg, soja,

peanut, crustacean, fish, meat, sesame, whey, berries or apples.

As the self material any material endogenous to the individual may be mentioned, such as
collagen, insulin, myelin binding protein, myelin, acetylcholine receptor, retinoid binding protein

or polypeptides synthesized in the body.

The non-food non-self materials may be any materials originally exogeneous to individual and
capable of eliciting adverse immune reactions. Examples for such materials are allergénic
materials such as pollen, dust mite, iodine, nickel, copper, venoms or latex, all sorts of
detergents, cosmetics, parfumes, plaster, drugs such as antibiotics, and also alloantigens such as
transplantation antigens. As for alloantigens a patient, which is to receive such alloantigens, e.g.
transplantants, such as organs, could be administered the alloantigen and the substance ipcreasing
the COX-2 activity before transplantatior takes place, so as to reduce or essentially minimize an
rejection of the transplant by the patients immune system. This may be achieved by administering
parts of the transplant, such as cellular material thereof comprising the respective HLA antigens
of the transplant and the objective substance to a patient so as to teach the patient's immune

system to tolerize the transplant to come.

The substance for increasing the COX-2 activity in the individual's cell, in particular in cells
involved in an immune reaction, such as lymphocytes may be any substance capable of
performing such an effect. Those substances may be easily identified by means of their effect on
the synthesis of e.g. PGE, (prostaglandin E;) from arachidonic acid in T-lymphocytes, which may

be assayed by common enzymatic immunoassays.

According to a preferred embodiment such a substance, capable of effecting an increased activity
of COX-2 in an individual's cells and optionally also an increased level of IFN-y may be selected
from the group comprising butyrate, n-6 polyunsaturated fatty acids (PUFAs) such as arachidonic

acid or ceramides.

JP 2004-522725 A 2004.7.29
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‘The objective substance may be given to an individual separately or together in a single product.

To this end, the objective substance and the antigenic material may be included in any known
pharmaceutical composition, such as tablets, sachets, solutions, capsules etc. which contain the
carriers and excipients required and desirable for the corresponding route of administration. Such
routes of administration include topical, nasal, oral, intraveneous or intraperitoneal

administration.

The antigenic material may be pretreated as desired. For instance, instead of including the entire
material effecting an adverse immune reaction into the pharmaceutical composition the
respective antigenic compound contained in the material, or parts thereof, such as e.g. particular
allergenic peptides, may be isolated and these compounds may be included in the pharmaceutical

composition.

The objective substance may also be included ir a food material. In this case three alternatives

are conceivable.

First, an antigenic non-food self or non-self material is included in a common food material
together with the objective substance. This embodiment therefore contemplates addition of a
known antigen, such as mentioned above in a food material, supplemented with an objective
compound. As such food materials any liquid, such as water or even milk, jellies, sweets etc. may

be proposed.

As a second alternative the food material may represent the antigenic material as such, that is, the
food material inherently contains the potentially allergenic material. In this case, in order to
arrive at a composition according to the present invention, the objective substance may simply be
added to the food material. As such a food material any food to which an individual may develop
an allergic reaction is embraced, including any kinds of berries, apples, peaches, efc.. In
particular food products deriveﬁ from cereals or cow's milk will represent a preferred kind of
food, since these food products are known to contain highly allergenic compounds. Examples for

such food products are yogurt, curd, cheese, fermented milks, milk based fermented products, ice
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cream or cereal products, such as fermented cereal based products, milk based powders, drinks,

water-based jellies, infant formulae or even pet food.

The present invention, therefore, provides a novel and intrigning concept for inducing oral

tolerance to a given antigen, preferably to a potentially allergenic food material, in an individual

by simply including into the food material a substance capable of increasing COX-2 activity in
the individual's cells, in particular in cells involved in immune reactions, such as lymphocytes,

preferably T-cells, and optionally capable of increasing the IFN-y level.

Therefore, the present invention teaches a method for inducing oral tolerance to a food material
in an individual. This concept is particularly suitable in newborns which are about to develop
tolerance or allergy to a food material. In applying the teachings of the present invention, an
infant formula may be provided to which newborns won't develop an allergic reaction. What is
more, the immune system of the newboms will rather be taught to tolerate said cow's milk
proteins so that no problems will arise when feeding the newborns with the corresponding food

material.

Alternatively, an antigenic component may be added to any other food material desired. For
example, peanuts or the relevant allergenic components thereof may be added to fermented milk
products, such as a yogurt in order to provide a yogurt with peanut taste and, by including the
objective substance, the desired regimen. This applies likewise to the addition of pieces of

berries, apples etc to such fermented milk products.

As will be appreciated the compositions of the present invention are perfectly suited to combat
the development of allergy in an individual before it may arise. Without wishing to be bound to
any theory it is believed that the concurrent exposure of the immune system to the antigen
together with inducing a biological step involved in suppressing an exceeding immune reaction
to said material teaches the immune system in general not to adversally react to the specific
antigen presented. Thus, the concept underlying the present invention basically resides in
modulating the biochemistry/metabolism of an individual's cells implicated in the oral tolerance
induction, preferably of cells involved in an.immune reaction. This concept can be further

applied to auto-immune diseases (self material or self antigen) and to tolerance development to
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specific non-food, non-self antigens.

According to the present invention it is therefore possible not only to prevent the onset of allergy
but also to treat an already existing allergic condition, by "teaching" the immune system not to
react to a material, that is concurrently presented with a substance capabie of increasing COX-2
activity in cells of an individual, preferably cells involved in an immune reaction, and optionally

increasing the IFN-y level.

It will be understood that the amount of the objective substance in the pharmaceutical or food
composition will be sufficient to yield the desired effect, that is to effect an increase in activity of
COX-2 in the respective cells of the individual, preferably in lymphocytes, more preferably in T-
Iymphocytes, and optionally effecting an increase in the IFN-y level in peripheral tissues, such
that the individual's immune system will effectively be taught to tolerate the antigenic material

once recognized as a foreign antigen to which a surpassing immune response is elicited.

According to another embodiment the present invention provides a method for determining an
individual's predisposition to develop an allergic reaction to an antigenic material, which
comprises, taking a blood sample from an individual, which may be optionally treated to collect
the cellular material of the sample comprising lymphocytes. This may easily be effected by e.g.
collecting the cells via a column or by transferring the blood sample in a culture medium thus
preparing a primary culture and cultivating the cells present in blood. In a subsequent step the
sample or the blood cells, in particular the lymphocytes, more particular the T-lymphocytes, are
contacted with the antigenic material followed by the determination of COX-2 activity in the
sample or the cells, respectively, and optionally determining the level of IFN-y in the sample, and
comparing said levels with a control, which may be a general calibration curve or preferably the

same sample that had not been exposed to the antigenic material.

An increased COX-2 activity, as compared to the control and also an increase in IFN-y level will
indicate that the individual, from which the sample has been taken, will not produce an
substantial, i.e. exceeding or adverse immune reaction to said antigenic material, but will rather

tolerate it. On the other hand, an essentially decreased level of COX-2 activity, and an essentially
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decreased level of IFN-y will indicate that the individual will develop an adverse reaction to this

material.

The above method has fundamental advantages over the prior art, since a direct challenge of the
individual with the antigenic material is avoided. Therefore, the patients or individuals to be
tested do not need to develop allergic symptoms in order to assess their corresponding tendency,
which also reduces the risks associated with said types of tests. Further, since the present method
relies on measurements on the cellular and molecular levels, this assay is much more sensitive as
compared to assessing, whether an individual will develop allergic symptoms. Another advantage
resides in that the present methods allows to examine already young kids and even newborns,

without putting them to danger.
The following examples will illustrate the invention in more detail, without limiting it thereto.
The following materials were used and methods applied:

Animals

Female Balb/c mice, obtained from IFFA-Crédo (L’Abresle, France), were used for all
experiments performed on three week old mice. All mice were bred and raised on a cow’s milk
free diet. For all experiments, mice were weighed on the day they were fed, in order to determine

the gavage amount according to their body weight.

Antigens

BLG (bovein lactoglobuline; 3 x crystallised) and OVA (ovalbumin; Grade V) were obtained
from Sigma Chemical Co.. Whey protein concentrate (Lacprodan 80) was obtained from
Danmark Protein AS (MD-Foods). It was produced by ultrafiltration of acid whey, and the

protein content was 80%.

Statistics
Seric IgE responses were compared using ANOVA single factor tests. Significance was reached
with p < 0.05.
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Example 1
Treatment of mice

To start the experiment the mice were forced fed and/or injected ip. with butyrate (which
pmﬁot% COX-2 activity), ibuprofen (which inhibits COX activity) or saline (control) daily from
day -3 to day 4. On day 0, the mice were fed by gastric feeding whey proteins (3mg/g of body
weight) or same volume of saline water, Gavage products were dissolved in 0.3 ml of saline
water. At day 4 of each experiment, all mice were immunised by intra-peritoneal injection of
0.08 mg of BLG as well as 0.08 mg of OVA in 0.04 ml sterile saline mixed with 0.16 ml 2 %
AI(OH); (Superfos Biosecotr A/S, Denmark).

At day 4 or at day 26, blood samples were obtained from cardiac aortic punction under 3 %
Isoflurane anaesthesia (Abbott SA). Immediately after death, obtained by cervical dislocation,
spleens were removed and pooled according to group of treatment in 20 ml chilled RPMI
supplemented with 5% FCS. Spleen cell solutioné were homogenised through a cellular sieve
(Falcon) and purified from red cells using Histopaque density centrifugation (Sigma) at 390 x g
for 20 min. Cells were co-cultured in.96-well flat-bottom microtitre plates (Costar), for 48
hours at a concentration of 5 x 10° cells/ml in RPMI 1640 (Bioconcept) supplemented with 2
mM L-Glutamine (Seromed), 100 U penicillin/100 mg streptomycin (Seromed), 10 % FCS
(Bioconcept) at 37°C in 5% CO,, in the presence of 5, 2.5, 0.5, or 0.1 mg/mL of BLG (Sigma)
or 250, 50, 10, 2 pg/ml of phytohaemagglutinin A (Seromed). (*H)Tdr (Amersham, Zurich) was
added for the final 6 hours of culture and the plates were harvested and analysed by scintillation
counting (TopCount, Canberra Packard, Zurich). CH)Tdr incorporation results were expressed in
cpm, as a mean of triplicate cultures, the blank-subtracted mean was then plotted against BLG
concentration. Stimulation indices were calculated as the ratio of blank-subtracted test and

control values at 2.5 mg BLG /mL and 50 pg PHA/mL.

Specific proliferation assays were performed for each group. Isolated serum were rapidly frozen

at—20°C, until assayed for IgE specific for BLG.
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Example 2
Measurement of specific IgE antibody by ELISA

Serum samples were assayed in duplicate for anti-BLG IgE by ELISA. Briefly, microtitre plates
(NUNC Immunoplate Maxisorp F96, Denmark) were coated with 100 pl per well of BLG 0.5
mg/mL diluted in carbonate-bicarbonate buffer, pH 9.6, overnight at 4°C. Four washing steps
with PBS-Tw (Phosphate-Buffered Saline-Tween 0.05%) were performed before each successive
reagent addition. Unoccupied sites on the plate were blocked by 200 pL per well of 0.5% fish
gelatin (Sigma) in PBS-Tw for 1 hour at RT. Serial dilutions of samples (three fold for serum )
from individual mice were assayed in duplicate. Sera were first diluted 1/20 in PBS-Tw before
the assay. After addition of sample dilutions and incubation for 1 hour at room temperature, a rat
anti-mouse IgE peroxydase labelled antibody (Harlan Sera-Lab, USA) was added for 2 hours,
followed by the OPD subtrate (Sigma). Optical densities were measured at 492 nm, after 15 mn
of incubation at room temperature, using a Dynatech MR500 ELISA reader (Dynatech, Bmbrach-
Embraport, Switzerland. Pooled samples from twenty non immunized female mice were used as
negative controls in each plate. The cut-off dilutions were determined by calculating the dilution
of the samples which gave twice the absorbance of the negative controls. Titers were expressed

as the log of the reciprocal of the cut-off dilution.

Example 3
Cytokine ELISA

Cytokine secretions were induced in 96-well microtitre plates (Costar), where 5 x 10° spleen
cells were stimulated with 2.5 mg/mL BLG per well. Cell culture supematants were collected
after a 48 hour stimulation. IFN-y levels were measured using cytokine specific ELISA kit
Endogen; which were performed according to the manufacturers” instructions. All cytokine

samples were assayed in duplicate.

Example 4

Prostaglandin E; and interferon-gamma measurement

PGE; levels in the culture media, from Iymphocytes cultured for 6 hrs or 12hrs, were determined
by using an enzyme immunoassay (EIA) kit (Cayman Chemical, ). Triplicate samples were

assayed each at two dilutions,
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Inducing tolerance by feeding mice with Whey proteins resulted in an increased PGE; and INF-y
production by BLG-stimulated lymphocytes in culture as compared to non-tolerised controlled

mice, 5 days after tolerisation.

This production of PGE; and INF-y is not observed when mice are treated with ibuprofen, an
inhibitor of COX. On the other hand, mice treated with butyrate exhibit a further increased
production of both PGE; and INF-y compared to the positive control - Whey proteins fed mice.

Example 5

Proliferation

Inducing tolerance by feeding mice with Whey proteins results in a decreased proliferative
response index, 4 days post-tolerisation (Figure 3). A stimulation index below 0.5 indicates that
mice have been tolerised. This decreased of proliferative response index is not observed when
mice are treated with ibuprofen, an inhibitor of COX. On the other hand, mice treated with
butyrate exhibited a further decreased of proliferative response index as compared to the positive

control - Whey proteins fed mice.

Similar and stronger results were observed at day 26 post-tolerisation in mice that had been

challenged with BLG 4 days after feeding the tolerogen.

Example 6

IgE

Inducing tolerance by feeding mice with Whey proteins resulted in a decreased of humoral anti-
BLG IgE titres, 26 days post-tolerisation. This decrease was statistically significant (p<0.05) as
compared to non-tolerised mice. This decreased humoral anti-BLG IgE titres is not observed

when mice are treated with ibuprofen, an inhibitor of COX (see fig, 2).

On the other hand, mice treated with butyrate exhibit a further decreased of humoral anti-BLG
IgE titres compared to the positive control - Whey proteins fed mice. This further decrease in
humoral anti-BLG IgE titres was statistically significant (p<0.05) compared to tolerised mice

* (positive control)
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Claims

A method for inducing tolerance to an antigenic material Hy administering to an
individual the antigenic material or antigenic parts thereof, and at least one substance
increasing the activity of COX-2 in cells of the individual and/or increasing the level of

IFN-y.

The method according to claim 1, wherein the antigen is food materials, self materials, or

non-food non-self materials.

The method according to claim 2, wherein the food material is derived from milk, egg,

soja, nuts, crustacean, fish, meat, sesame, whey, berries or apples.

The method according to claim 2, wherein the self material is selected from the group
consisting of collagen, insulin, myelin binding protein, myelin, acetylcholine receptor,

retinoid binding protein or polypeptides.

The method of claim 2, wherein the non-food non-self material is select from hte group
consisting of pollen, dust mite, iodine, nickel, copper, venoms, latex, detergents,

cosmetics, parfumes, plaster, antibiotics or alloantigens.

The method according to any of the preceding claims, wherein the at least one substance,
capable of increasing the COX-2 activity in cells of the individual and optionaily the level
of IFN-y is selected from the group consisting of butyrate, n-6 PUFA, ceramides, plant

extracts or bacterial materials.

A food or pharmaceutical composition containing an antigenic material or antigenic parts
thereof and at least one substance capable of increasing the activity of COX-2 in cells of

an individual.
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The food composition according to claim 7, which is selected from the group consisting
of milk, yoghurt, curd, cheese, fermented milks, milk based fermented products, ice
cream, fermented cereal based products, milk based powders, drinks, water-based jellies,

infant formulae or even pet food.

The composition according to claim 5, wherein the at least one substance capable of
increasing the COX-2 level in cells of an individual and optionally the level of IFN-y is
selected from the group consisting of butyrate, n-6 PUFA, ceramides, plant extracts or

bacterial materials.

Use of a composition according to any of the claims 7 to 9 for preventing an individual's
tendency to develop immune reactions against an antigenic material contained in said

composition.

A method for determining an individual's tendency to develop adverse immune reactions
to a given material, which comprises

(a) taking a blood sample from an individual,

(b) optionally collecting the cellular material of the sample comprising lymphocytes,

(c) contacting the sample with the antigenic material, and

(d) determining the activity of COX-2, and/or evaluating the level of IFN-y, and

() comparing the levels determined with a control,

wherein an increased COX-2 activity and an increased of IFN-y is an indication for

tolerance to said material.

The method according to claim 11, wherein the material, that is tested for its

tolerogenicity is a food material.

The method according to claim 11, wherein the food material is selected from the group
consisting of milk, yoghurt, curd, cheese, fermented milks, milk based fermented
products, ice cream, fetmented cereal based products, milk based powders, drinks, water-

based jellies, infant formulae or even pet food.
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