1 5 SEP 2006 PROBI OIlCS AND ORAL TOLERANCE Background of the invention 5
Cows mlk allergy or mlk hypersensitivity is very common in infants and
usual ly disappears by the age of two or three years, but may occasionally
be lifelong. It is the nost common disease in infants, wtH &rSimhqgtEnce
of 0.5to 3%in full terminfants and 3 to 5%in preterminfants. This
all ergy can cause rash, hives, redness around the nouth, runny nose,
sneezing, colic, diarrhoea, vomtin i or nore generally 10

di gestive troubl es. MRQBWEIQSMg*%@%@LFMWSOW cases of infant
sudden death. MIk hypersensitivity should be differentiated froml actose
intol erance, which is an intolerance to mlk as a result of congenital
defi ci ency Backghemhdof thedneendiome. 15 Cow s nilk allergy is caused, in npst
cases, by the a-lactoglobulin and the - lactoglobulin allergens. It can
al so be caused by casein and/or al bumn, which are potentially allergenic
| actic prot@ews milk allgreysemnmilknhypsoeasitiyiby is ¥RE SPm@pPRn 178 X‘@e‘}%ﬂ Yed,

i's caused byis@pedt¥B9ItEEASE bi Wid ¥r theaCydats) bat nidyeocoamiomily bydifelong.dt idihe
above- nentioned i

proteins. .In, the fjrst. st 0 :
(sensiti satT8FHcomumn ‘iﬁﬁ??ﬁ?lgl mfanys, wi %élggﬁ?esé%d'fﬁoe%ﬁg@? ferpnfants and; sen
when it ent®ns 5% dnhoelgrm anfintshiThisgelegnicen eaise rashyhives,csgosss aramdsibst i ng
of specific i i I i fd Iokdi he
cecond st ep O fH8Y 38 indhif, bk alindBPOLARE alaptt 1 GEULSpencAlly) 2
presenct of digessivatioublgeft esrild alse baassegiated i §Pg fAsse Sf?‘f?lﬁﬁ!é‘f eBieathni ch i s

the allergy. 25 The nmechanismof this type of allergy can be expl ai ned as

foll . the. t i bhadi . . . i Ded ydi
it cul i ng BlibwL o Ao fE R R aliiec PRl iiSletdbue, BRIHILIE ||
presenting inhdernd talnhidy apemresell pf eongenital é?@§133%d°ﬁ’tg? leglasenzypeni cal

nmedi at ors, including histam ne. This phenonenon | eads in pathol ogic '
effects, such as.yasgdilatation, locally or st em |w.. 30 Usyally, this
mi | k hyper sERYiSt ¥ 9ﬁ%f§§e’§r eanged, pny Fost ?M‘F%%s 3’5& Eeh%pn{"'c%w%i%‘ﬁ“f‘ a“‘?%e B-

di ver si f i catactoglobuliemlletgeni.nktacin dlso bereuseyt dyesman and/ortrdbwow, svingl ke WO
01197822 to %%t?%@g%%??exﬁ@l%%r%ﬁﬁ 156 prsnOin Bowk ARIE! iThebARESY, i vphen OF

p
Compos, t 1 ondERAATH. s SRISCR Y FBLYPRP BT SOG Rt e GISEe ' BAPOVRT ant
at hi gh ri steeafiomdogroteindi &edsesrst step iof tianprawessefsprsitisetipme theritnnaitearygiems i n
a speci b ¢ popliald f8 Wiehl ab St AGighl Wheh! ftkeatedé R b&dyYYand RBRUERAEIER: an
immune response consisting of specific antibodies or specifically sensitised T
lymphocytes. In the second step, if the antibody is an IgE antibody, it will respond to

the presence of the allergen by generating an inflammatory reaction, which is the

allergy.

25  The mechanism of this type of allergy can be explained as follows: the IgE antibodies
appear on the surface of cells, including circulating basophils. When the interaction
allergen/IgE 6ccurs, the cells presenting the IgE/allergen couple generates and releases
chemical mediators, including histamine. This phenomenon leads in pathologic effects,
such as vasodilatation, locally or systemically. '

Usnally, this milk hypersensitivity appears with the first attempt of food diversification
when the infant is first presented to the cow's milk.

WO 01/97822 to Oy aboatech AB discloses the use of a probiotic bacteria, for example

35 Lactobdcillus casei ssp. rhamnosus, for a preparation of a composition useful for
primary prevention of atopic diseases in an infant at high risk of atopic diseases. It is an
“attempt to prevent allergies in a specific population which is the high risks of allergy
population. ' ‘



1 5 SEP 2006 2 WO 01/89541 to Conpagni e CGervai s Danone di scl oses the use
of a Lactobacillus casei in a conposition for oral adm nistration to
enhance imunity specific to pathogenic mcro- organlsns1 Stgmp 2006
particulaarly intended for pathogens affected respiratory Syst 5 and
the conposition can be a food or a food suppl enent. However, a need exi sts
for a nmean of preventing atopic di seasés such as cow s nilk al l ergies
and/or maintaining the oral tolerance acquired by the infant, either by
hinmself or with the help of said aforéenentioned nean. |la Summary of the

i nvention Accordingly, the present invention provides the use of a

Bi fi dobacterium strain for the manuf acture of a food product for the

mai nt enanﬁﬁo%ﬁ /89584 mteunﬁf ﬂﬂ&doﬂ@@ﬁclosu‘ﬁe uksSof arn\,/&wanusf éﬁ&&her

provi des the use qf a obaci,l | us an B|J‘| obacter a for
rranufactui‘ead’PmB"?'B%"ﬁr" LP%P%W emf or al

tol er ancenhm-mgan;sganhwimcmlw:emm:d foefpeﬁlegens)aﬂfm rpspudtoc,\t sysima,ch are not
i nt ended th8lchapSHifonRENYE A FdodRR 8 foodQufpiditnes Fig 1 shows the decrease of
BLG speciftic antl oody titers (1gB, 1gd "and Ig&a) in serumof mce
(conventional (CV), nonoassociated and gernfree (G-)) killed 28 days 25 (A)
or 50 dayﬁo@B)reraﬁmeed exists féree dieam) of\ptebenting ptopic alisases sethoas2costomdlkt he

br oduct i gy glel Mk it b ol Audck adnithd BPE ea{narwmsa . Mce
(Conventlon é) rrg asso ted and germfree (GF)) were orally fed
whey pr oPEFHE 9fsy F‘g? B?di"ﬁ"émwat er (open bars) before being
subcutianeously injected 30 Wlth 100 jig of BLG and 100 g of OVAin Al (OH 3
and sacri Bua@sthrgBf fidVisvenfibnor 50 days (B) after gavage. Mce sacrificed at
day 50 received two additional injections at day 21 and 35.. Detailed
description of the invention 35 In the context of the present i nvention,
the term Areudinglye thgpresentdnysation groyidesthe aprefipRilidobaptprivg sasindey Wemat t er .
Hence, it nimyfab@recofiy ood ptoduct fon thedudistenshicof arinslenafdd to untiyenbuMhas, but the

term gl so; CAGAIPARMES pRVRENGhe uld oP § GRRBHIRE Y 4 BiadhRaR0for the

manyfacture of a food product for the promotion and maintenance of oral tolerance to
antigens.

The invention refers to food products which are not intended for allergic populations.
20
Figures

Fig 1 shows the decrease of BLG-specific antibody titers (IgE, IgGl and IgG2a) in
serum of mice (conventional (CV), monoassociated and germfree (GF)) k1lled 28 days
25 (A) or 50 days (B) after ora] feeding with whey proteins . .

Fig 2 shows the production of IFN-y, IL-10, IL-5 and IL-4 of spleen cells in vitro. Mice
(Conventional (Conv), monoassociated and germfree (GF)) were orally fed whey
proteins (black bars) or saline water (open bars) before being subcutaneously injected

30 with 100 pg of BLG and 100 pg of OVA in AI(OH); and sacrificed 28 days (A) or 50
days (B) after gavage. Mice sacrificed at day 50 received two additional injections at
day 21 and 35..

Detailed description of the invention

35 |
In the context of the present invention, the term "food product' is intended to
encompass any consumable matter. Hence, it may be a product intended for the
consumption by humans, but the term also encompasses products to be consumed by



3 Animals, for exanple pets, such as dogs, cats, rabbits, guinea pigs,
mce, rats, birds (for exanple parrots), reptiles and fish éég)rq @:arrple
gol dfish). However, the teen also includes food to be cdnduw d‘g er
donesticated animals, such as |livestock,3for exanple, cattle, horses,
pi gs, sheep, goats, buffaloes, canels, and the like. This termis s also
¢ intended to include any infant forrmula, baby fornula, infant and baby _
followup forrmula, and the like. it has to be understood that when tal king
about cows mlk allergy or cows mlk hypersenstivity, we nmean any food
all ergy or hypersensitiVvi sl , thite, 3R bixdsi(feease. CQur
ar gunent at i@ﬁ#ﬁf%ﬁ?ﬁ%‘ﬁ%é o?ﬁ%%ﬁ’ﬁ%ﬁﬁﬁﬁ srxiu baﬁ:a} ( W s mlk
iS in nDSt egamds parkwEs)f myieswéo@%r@%aam@#cs?}ﬁ@s - %?‘f’ﬁ%aﬁ@, E’%owever, we
do not | i mifiibe ssRoReb® fcohdieepr ebandonmatiatsd zupdlscarch o hivsstosls. toBj sease.
Surprisingly, hay t fald é1s,R6@ Biedike CFhis erided
products cmﬁgéf’gho&gg}q%%%%p’ %ﬁﬁ?gq{dﬂeg%gﬁom%etoﬂ g%m e, and to
nai nt ai 13 i talso Semied e ipchyde %@3@%%&”){ PREEE aflcmgmag bacteria stains
bel ongi ng tfmmgm&aci | lus genus, and in particular Lactobacillus

paracasei strains are able to pronote the induction of oral tolerance, and
is particularly suitable to pronote the orz%I e to_cow.s..m.l k

Ewpl e or COW'S

prot ei ns. 29 hasntoabe redesttoaddthehben MIHES GPOYHE Srodn APER OF 8Pt Gbaci | | us
used is La%&%’;&dw,swe RREAERS Riod GNGYY br RyptBensiivixandingre sengeelly 8% have
been shown TO_exhi bit.int i i hivawd RbeAehis - A%ipyt beesusar e gram
positive® cPh g’é@is‘?]e%‘gﬁrg‘g? nfl{%%séa}g i nﬁ%&ﬁ:ﬁ%%‘ lﬁ%vecpﬁm v
product i on weetyanilyis in mrEhcasss Soe st 10P4 P _%tt_l C acl d and are capable to grow
in the presgeeliafhtiiscepesdiiepresantpatentappitation fodhis 46539 to 0.4% 25
According to the invention, the lactic acid bacteria used can be added as
an adj uvant _or  a_suppl enment i ' iddaf f ool Prddubecowa®e from
birth to thSTPERgebE N %‘f“ﬂ @%B%é&r@w 2"&. 552(;0\#033 m'.hk an ?%QS),,, to the
al i ment a$ i omsed aancadibanttto prommstberel tpleEnes AR OUBNNRE He SPEY % WY ant i'gens.
As the | aCt]'h;%m?‘%? 11286 L Faciiih Istrsias belengingl curihealrctobhaiiys gous,t99€ Bnf ant s
intestine, [ar . f%;}: | S0 g2 BbIS T SRt teeintintion pdramled to the
30 fornul ae?“?‘g‘f“%%ﬁwéuﬁ ;%jéf@%jj E{’U/ L gfth?gl%g%é' t 8dchuiy Mlkae or
cfu/ g of foteikranse.cdcE P Iy wptade g9 PS8 P07 and in a preferred
enbodi nent  3Qeief u/ ML of reconsituted formula. Thus, the lactic acid
bacterig,w gl g&é&ﬁ%ﬁﬁ\ﬁqﬁﬁver& folvéntisn, athed dyvtobacitiasinsgl isagtoberiles ty of
thi s m cPo- 8t BNTSI 1 TS Ot gL QL 850005 balikhohye il skibaner alko be
ef fective fBF"“t“Hé‘@ﬁ e 181 TR preseént, 1 nveption. .35 e

the following properties: they are gram positive, catalase negative, NH; from arginin

negative, and CO; production negative. They produce L(+) lactic acid and are capable

to grow in the presence of bile salts in a concentration of up to 0.4%. ‘

25 According to the invention, the lactic acid bacteria used can be added as ag adjuvent or

a supploment in particular to infant formulas used from birth to the introduction of

antigens (such as cow’s milk antigens) to the alimentation, in order to promote the oral

tolerance to the said antigens. As the lactic acid bacteria will not be a dominant flora of

the infant's intestine, large amounts of the microorganism should be incorporsted to the

30 formulae, for example 10° to 10° chivmL of reconstituted formylae or cfi/g of food

product, more preferably 10° t0:10", and in a preferred embodiment 10° cfo/mL of

reconsituted formula. Thus, the lactic acid bacteria will be ingested several times a day,

leading o a quantity of this micro-organism in the gut microflora constantly sufficient

to be effective for the purpose of the present invention,

35 . o
The aforementioned lactic acid bacteris, belonging to the Lactobacillus genus, being m

particular a Lactobacillus paracasei and in a preferred emboc}iment Lactobacillus
paracasei CNCM 12116 can also be incorporated in pet food products in order to



The aforenentioned |actic acid bacteria, belonging to the Lactobacillus
genus, being in particular a Lactobacillus paracasei and in a preferred
enbodi ment Lactobacillus paracasei CNCM 1-2116 can al so be i bc§FEDdag ed in
pet food products in order to 1 5 SEP 2906 4 pronote oral tolerance. It
can be incorporated in chunk products @r croquettes preferably, but it can
al so be incorporated in hum d products, such as cans, for exanple. It can
al so be added to liquid fornulas for pets, such as mlk for kittens or
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and iii) transport systems that translocate the breakdown products across

t he cytopl a nepbr ane ot ea are es e th
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native beta 9%§%qilgbul in (BLG and its tryptic-chymotriptic (TC) peptides.
L. par acaslg‘3 FSS0C at ed enzymes hydrolyze nmainly acidic TC peptides while

basic peptides are slightly degraded and BLG not at all. Since, BLG TC
hydr ol ysat epwagolytid\§éfent 6f e caipbseetiaainBeydiofded ditditrepapupdesthe6Gasiy of
their degra atl n. wth L. 25 paracasei enzynes is of great interest.
However, bqnytl c activity is certainly, limted to am no- or di-
pept i da$%s BQEQYGBES% thatdrenkdawn vhole pretain dnpsidesses peptides with

nmol ecul ar ?3 PHtRIabRItRitMebRME beftiits BRd as observed by size exclusion
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rml ecul ar weiepitirsnchi gher than 2000 Da appear in the fraction after L.
paracasei degliagal hRlbrestht HAKAL HRBackkis ¢, Waeldgs MOt pbytiddsexatry found in

20  the cytoplasm. In the study, peptidases from cytoplasmic extract have been used to
degrade native béta-lactoglobulin (BLG) and its tryptic-chymotriptic (TC) peptides. L.
paracasei-associated enzymes hydrolyze mainly acidic TC peptides while basic
peptides are slightly degraded and BLG not at all. Since, BLG TC hydrolysate was
shown to be composed mainly of acidic peptides (62%), their degradation with L.

25  paracasei enzymes is of great interest. However, the proteolytic activity is certainly
limited to amino- or di- peptidases because L. paracasei degradation releases peptides
with molecular weights mainly lower 500 Da, as observed by size exclusion

chromatography.
The basic fraction is also degraded by amino- and di-peptidase activities and we have
30  also observed that peptides with molecular weights higher than 2000 Da appear in the
fraction after L. paracasei degradation. Although not wishing to be bound by theory,
strong hydrophobic interactions between peptides could explain this observation
because basic TC peptides have been shown to be highly hydrophobic by Ci8
chromatography.
35
The degradation of acidic TC peptides with L. paracasei extract lead to peptides with
immunosuppressive properties, these effects being essential for oral tolerance induction.
‘Well-characterised mechanisms for the induction of tolerance include clonal deletion,



strong hydrophobic interactions between peptides could explain this
observation because basic TC peptides have been shown to be highly

hydr ophobi ¢ by C18 chronat ography. 35 The degradation of f%ﬁ@s@%
peptides with L. paracasei extract |lead to peptides with ressive
properties, these effects being essentgal for oral tol erance induction.

; Vel l-characterised nechanisns for the induction of tolerance include clonal
" deletion, 1 5 SEP 2095 5 clonal anergy and active suppression via the

i nduction of regulatory T ceI | s- The type 1- regul atory T cells (Tr-1) have
a lowproliferation ca and .suppr.ess,nal we_ an menory hel per- type 1
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ndi catin aded d ndu mai n n and
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Blfldobacterlum en pegific ffe ral.tol,erance
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P either y via cell fo ce ¥nterachons or %a degradagon otn antigens and liberation of
cytoplasmic content after death.

We have also discovered that strains of the Bifidobacterium genus have a specific effect

' 25. . on the oral tolerance maintenance. Consequently, it is a purpose of the:invention to add

Bifidodacteria to foodstuffs as a supplement or an adjuvant, especially to populations

wherein oral tolerance has already been induced. In particulsr, such population can be a

breast-fed infant population; indeed, part of the allergens eaten by the mother are given

to the child via the mother's milk; in this population, oral tolerance has been promoted

30  via breast-feeding, and this tolerance can be maintained by giving to the infant an
effective amount of Bifidobacteria having the aforementionned property.

It is well known that some infants, who do not develop cow's milk hypersensitivity

when they first encounter cow’s milk, nevertheless develop some food hypersensitivity

when they encounter other food ingredients, for example at the age of 8 months,

35  Although not wishing to be bound by theory, we believe that they have induced an oral

tolerance which has not been maintsined or not been maintained properly.



to the child via the nother's mlk, in this population, oral tolerance has
been pronoted 30 via breast-feeding, and this tol erance can be naintai ned

by giving to the infant an effective anount of Bifi dobact erij\?\;]fsa%j ?m he
af orenenti oned property. It is well known that sonme infants

devel op cow s m |k hypersensitivity when they first encounter cow s nilk,
neverthel ess devel op some (food hypers8nsitivity when they encounter other

food ingredients, for exanple at the age of 8 nonths, 35 Although not
wi shing to he boun
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oral tolerapce previously induced, by neans of adding to the alinentation
a Bifidobact®¥®a having the ability to do so. 5 It mght be useful to give
the bifidus to the child or the infant at the beginning of the process. In
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Bi fi dobact er acti s d can be in the best npde of realisation the
wel | - known BI®ESstrain, ATCC 27536 which can be obtained from Hansen (Chr.
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di ver si fi cabh®Bilefsaltd) Q‘hlepfaeméatﬂhsenmaghaé i anl praduacanly Lis) leelid gcidhnd oot lts
nont hs of Iife, . and teb ctier ant
food given ﬂcge)cﬁlmen %afnf ?fe h{% (ﬁlo %t&fﬂé’ﬂ }3&}5{@;@ ﬁtog% fss,)cchﬁk%sér!_f)
hyper sensi t ighicose, nrﬁﬁmmmk¢wm11@amemv§dahn EKEbelargeniebioss o 3 years,
suppl ementation of infant and baby food with Bifidobacteriumto naintain

oral 25 tol erance one in _ev f r j i es

from 4 nont HSY £28 ey%‘gfeg OBy lg’ﬂ? %é%%%f)o‘? bg’h?)g%ﬁﬂdqogh %g&i,pgqﬁlcﬁrg dlp%pf ood

pr oduct 20nomalted cnifk, dafaht/ fognplad, follow up formulae, baby cereals and the like. Sometimes,
diversification of the infant alimentation can occur as early of four months of life, and

the bifidobacteria can be incorporated to the infant food given to children aged four
months and older. As milk hypersensitivity in the majority disappears at the age of 2 to
3 years, supplementation of infant and baby food with Bifidobacterium to maintain oral

25  tolerance can be done in every food product for infants and babies from 4 months to 3
years. But supplementation can also be realised in food products not specifically aimed
for infant or baby nutrition and nevertheless being part of their alimentation, for
example milk, yoghurt, curd, cheese, fermented milks, milk based fermented products,
ice-creams, fermented cereal based products, or milk based products, among others.

30
The amount of microorganism added to the infant food product, baby food product or
food product in general should be of from 10° to 10® cfu/mL of reconsituted formula or
cfu/g of food product, preferably 10° to 107, and in a most preferred embodiment 10°.
However these amounts should not be considered as limitative and should be adapted to

35  the aimed population, for example based on the weight and age of the infant or baby, or
specific populations such as population having specific diseases, for example infants,
babies or children having gut diseases, acute diartheas or inflammatory syndroms,
among others.
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20

The relative resistance of proteins such as BLG to proteases allows portions of them to

remain intact after digestion, making them potentially highly allergenic. It is generally

accepted that hydrolysis of proteins by trypsin and/or chymotrypsin decreases their

allergenicity. Consistent with this finding, we observed that the IgE binding capacity of
25  tryptic-chymotryptic peptides of BLG is lower than for native BLG.

Although not wishing to be bound by theary, we believe that the mechanism of
intervention by these potential anti-allergy strains appears to be regulation of the pro-
Th1/anti-Th2 response through the enhancement of IFN-y production, a Th1 cell-related
30 cytokine. IFN-y is a potent immunoregulatory and inflammatory cytokine which has
been found at low levels in neonates and deficient in patients with food allergy. IFN-y
plays a crucial role in food allergy prevention by inhibiting Th2 differentiation
decreasing levels of IL-4 and hence inhibition of IgE production. We observed that cell
free extract alone from B. lactis Bb12 induces IFN-y production by splenocytes. These
35  findings strongly suggest that bacteria such as B. lactis Bb12 enhance the Thl profile
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Preferably, » combination of a Lastobssillus nd a Bifidobasteris to both promote and

25 maintain oral tolerance, in particular to cow's milk will be used, In & preferred
. embodiment, the food product could comprise Lactobacillus paracasei end
o .Bifidobacteriym lactis to achieve the desired purpose. For example, the combination
 could comprise Lactobacillus paracasei CNCM 2116 and Bifidobacterium Joctis
ATCC 27536. The means to promote and maintain oral tolerance can be a combination

30 of one or several Lactobacilli with one or several Bifidobacteria. For example, it can be
s combination of Lgctobacillus paracasei, Lactobacillus rhamnosus and
Bifidobacterium lactis. Depending on which population will ingerate the food
supplemented with the microorganisms, the proportion of Lactobacilli compared to
Bifidobacteria might vary. For example, for 8 population of infants which have not yet



Preferably, a conbination of a Lactobacillus and a Bifidobacteria to both
pronote and 25 nmaintain oral tolerance, in particular to cow s ml k w | |
be used, In a preferred enbodinent, the food product coxfﬁdﬁnw
Lactobaci | l us paracasei and _Bffrdobacteriumtacos to a é desired
purpose. For exanple, the conbination gcould conprise Lactobacillus
paracasei CNCM 1-2116 and Bj dobacteriutn.laetis ATCC 27536. The neans to
pronote and maintain oral tolerance can be a conbination 30 of one or

several Lactobacilli wi th one or several Bifidobacteria. For exanple, it
can be, a conblnatl ~Lagt obgci o Spd hammosus
and Bii doBeik & |°B’P v&)@b‘gﬁﬂd{b%g&éﬁ H’Qﬁﬁ&oba&?&{ 9&% 'c!) F |£nger ate

t he food umphsedbmm W: 1 md hib EﬁIGrP@B‘Fl@Mm of n!sfamas F?éb’b?%ﬁb&lm

Lact obaci | Hwﬁ,gg? stE&’ cowl | dalaclopr by Mot auangyn Eﬂramo@npl ghefor a
popul at i on_of av been in contact
wth cow SWP\)@“@E@@_?‘E‘%‘% ﬁ%“{%efelx%%%’gt eria ratl 0 1clgul d be conprised
bet weens10: 1 and 1:1. For a popul ation of infants, babies or children

b«';}lyI nE pr gy{ng quéhB f%gﬁh&sic&ﬁ%?;s mcbﬂyommﬂ;efwdmmt Ithargﬁuoﬁmmnt (igen)d
t he = Lact obacl ifi t rati,0.c an
1S 5Tt © Rikdobersins sompasn i 1 st eg RS0 B30 %9?5{%‘*‘3??“3 Hpfisie

product , th&réﬁﬁnwemﬁnmad,ambmmm&empaﬁbmpar ed to the other can be fiom
0.01 to 99. 9% and the sane applies if there is nore than one

Lact obaci || nthe eparat i f
conbi nat% o f ﬁﬁl(??"bd“ ﬁ‘g sckstggcc%@ﬁlg?g?ﬁf Wegt{dxo 1 S g%m?d can be
any food pnnmmnispédeé&aﬂewév%%feﬁ? . SREIFR 5‘5& t he

i nvention apsinkition eadd smpéaspeﬂfofthvanvanugnmvdl%Y\n@ierf%épa?ﬁi}‘%t her food
pr lo;:luct far eﬁ%@ﬂi@'cﬁ?&m&cﬂhﬁé&m Gaaaey, %bﬁatwd \pelstties, Wﬁ?ﬁm fossits, es o
jellies, jans, bi'scults n i ces

cereal s, arﬂa‘?ké’r.‘é“cﬁ-“e P§°§ %15"%%%?“8{5 %%egwéﬁﬁb%ylf&dgﬂg babl es or
childrefs astendllinfass, bahies ayobildem dswell axanyfoedprasueteaten by petShe “amount - of

m croorganisms in the foodstuff according to the invention is preferably

conpr-i-sed b,g&fween 4 and 10§m§f% (méf %ﬂmggys%fgm
reconstitut |nc por a 0 [ ts, and
104 to 109 @mnngedoPetP’B@deO“&S‘r b‘bu&@fg\/\ﬂg m#l“ﬁbf‘é é‘émt‘cuf Sﬁd%ﬁquy or |ess
huni d pr odugibsuct When inebiporatedae homit pt liquidpfodust aed 80% 19 Woshvaet foodt or fer e
on the ? m Ohndf GhQRfosasd IFEnaRaAid b st hemidopebdpetad The , ratio

ar

part i cu Deacilli Bifidobactena o35 ol Gurd RSN 12 r&uanﬂyo&emﬂfooi‘éanﬁﬂgmmt 1on,

help to pr
into the food product.

Particnlarly, microorganisms of the invention, alone or in combination, help to prevent
25  and maintain tolerance of ingested antigens. Itis particularly suitable for food allergies,
such as allergies to shellfish comprising shrimp, crayfish, lobster and crab, to peanuts,
egps, tree nuts (for example walnuts or cashew), soy, wheat, fish, and any other known
food allergy. It is also suitable for other allergies, such as allergies to acarids, poll,xens or
dusts, among others. .

30 .3l.:._.1 s B ‘
Probiotics may also béused in the manufacture of a food pmduct to prevent from the’
risk of tejecting transplants. Such food product can comprise 8t least one member of the
lactic acid bacteria family to induce oral tolerance, and/or st least one member of the
Bifidobacteria genus to maintain an oral tolerance previously induced. The lactic acid
35  bacteria strains belonging to the Lactobacillus genus are preferred, in particular

Lactobacillus paracasei, and more particularly Lactobacillus paracasei CNCM 1-2116,
The Bifidobacteria used is preferably a Bifidobacterium lactis, and more particularly the

Bb 12 strain ATCC 27536.
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Examples

The following examples are lustrative of some of the products and methods of making
.25  the same falling within the scope of the present invention. They are not to be considered
" in any way limitative of the invention. Changes and modifications can be made with
~ respect to the invention. That is, the skilled person will recognise many variations in
these examples to cover a wide range of formulas, ingredients, processing, gnd mixtures
to rationally adjust the naturally occurring levels of the compounds of the invention for
30  avariety of applications.

Example 1: induction of oral tolerance
3 groups of 20 genmn-free female mice C3H/HeJ 3 10 5 weeks old and one group of

35  conventional female mice BALB/c 3 weeks old were used in this experiment, Two
probiotic strains were used in the study: one isolated from faeces of heslthy babies was
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20 ‘
The induction of oral tolerance in conventional, germfree and monoassiociated mice
were assessed in mice sacrificed 28 days after oral administration of whey proteins and
immunised with BLG: see figure 1A. The results clearly showed that whey proteins
feeding significantly suppressed (P<0.05) the BLG-specific IgE, IgGl and IgG2a

25  antiboby responses in conventional, germfree and L.paracasei-associated mice
indicating a Thl-~ and Th2- type humoral responses suppression. In mice associated with
B. lactis, only anti-BLG IgE response was significantly suppressed: anti-BLG IgGl .
response was suppressed but not significantly (P<0.2). Hence, only the Th2-type
humoral responses were sensitive to tolerance in this group of mice.

30 ‘
Induction of tolerance in terms of spleen cells proliferation and cytokine production: to
further confirm that tolerance induction is modulated by probiotics, spleen cells were
cultured in vitro and both cell proliferation (table 1) and cytokine profiles in culture
supernatants were examined (figure 2A)

35
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Example 2: immunosuppressive effects of Lactobacillus paracasei NCC 2461:

incidence on oral tolerance induction to béta-lactoglobulin

1
,./

Molecular size of native BLG and its TC fractions before and after degradation with L.

10 paracasel extract,

To assess whether L. paracasei extract hydrolyzes BLG and its TC fractions, molecular

size of peptides before and after degradation with L. paracasei extract was compared.

Native BLG was not at all degraded by L. paracasei extract while both acidic and basic

TC fractions were. Acidic peptides with high molecular weights (1000-5000 Da) were

15" bugely degraded, releasing small peptides with molecular weighs lower than 1000 Da.

Small peptides represent more than 75% of the degraded-fraction compared to 36%

| before, 42% of the released peptides being lower than 500 Da. The basic fraction was

degraded to a lesser extent. Peptides ranging from 500 to 1000 Da decreased in the

fraction to give peptides smaller than 500 Da, the latest representing 43% of the fraction

20  after degradation compared to 37% before. Surprisingly, peptides with molecular
weights higher than 2000 Da increased in the degraded-fraction.

Effect of BLG and its TC fractions degraded or not by L. paracasei extract on

Iymphocyte proliferation.

25  Native BLG and basic TC fraction have no effect on lymphocyte proliferation even after
hydrolysis with L. paracasei extract regardless of concentration. In contrast, acidic TC

fraction stimulated lymphocyte proliferation when used at concentrations higher than
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Effect of L. paracasei extract on lymphocyte proliferation and cytokine production.

To better understand the mechanism by which L. paracasei can induce oral tolerance to
20 BLG in mice, the effect of the cytoplasmic extract alone on lymphocyte proliferation
and cytokine production has been investigated. L. paracasei extract suppressed the
mitogen-induced lymphocyte proliferation in dose dependant manner with maximal
suppression at low. dilution (1/10) and no effect at high dilution (1/1000). The cell
proliferation observed in absence of PHA was not affected by L. paracasei extract even
25  at high dose (dilution 1/10) suggesting that the concentrations used were not toxic for
cells. Moreover, a large amount of IL-10 was produced when cell proliferation was

strongly repressed while production of IFN-y was not affected and remained very low.

Example 3: maintenance of oral tolerance

30
The experiment is the continuation of example 1.
The maintenance of specific antibody response suppression in tolerized mice was
monitored for a 7-week period after whey proteins feeding (figure 1). BLG-specific IgE,
IeG1 and IgG2a responses were maintained suppressed in conventional mice (p<0.01).



To better understand the mechani sm by which L paracasei can induce oral
tolerance to 20 BLGin mce, the effect of the cytoplasm c extract al one
on |l ynphocyte proliferation and cytokine production has beenf hnggBt}jgat ed.
L. paracasei extract suppressed the mitogen-induced |ynphocyte
proliferation in dose dependant manner w th maxi mal suppression at | ow,
dilution (1/10) and no effect at high dilution (1/1000). The cell
proliferation observed in absence of PHA was not affected by L. paracasei
extract even 25 at high dose (dilution 1/10) suggesting that the

concent r at i dhs stspeessivaref antitBL@IgG@24 titer inc gétns frefond byprracasei-essogdataduouing  of
I L-10 was PG e n I eas e
producti on Ofgﬁ%ﬁﬂﬁ&eﬁ %e%@%bﬁﬁﬁ@ﬁﬁ‘é%%ﬁg?g\/@grﬁbﬁoﬁ SEh é‘(ﬁnﬁ‘(ﬁb&

mai nt enance S@HPT@QSQIH Q@b@aﬁﬁé@ﬁsdo'ﬁﬁ@?@kﬁérqq%ﬁl decerass ﬂ%ﬁ%?
exanple 1. Tge WEkNHHREEE S anc§ REPhistd vAfH B Tayris. sPRBele BMPHnESEhD tyhe
tolerized mce was nonitored for, a, 7- week er| 0 géter Meﬁg}ggﬂo‘a@l gﬁx
feeding €fi GumeralyespppsssJpae @ql@mpﬁqlisupgrgige A gorysasangl JuAR 1-
mai nt ai ned pRIIIBEGHtiR WerviaBitaaitdlabfdgated rgorfidiee, B. MeBERAANYaraddeThe
suppr essi on of agtll -BLG |gG&2a titer in germfree and L.

par acasei - a28¥98 °fi ce was not naintai ned, _Whereas both specific IgB
and | g3 | eNENsy peodectichscbytspiasedeells lip pmesss isagrifised ﬂ.&;demeﬁm' oral q&lerance

responses aqudﬁhﬁftx %Jg.f An;;aﬁ&t to%sge%%nearuﬂer@s%a{yg,%me :%{erﬂ’iﬁé@a@ﬁ Sl

m ce col oni se resu £ pe
responsdg wapsec f3EH 8T spishe tise 0 Y hl -
8 warclpifch bt car SYBiSh e B8 ASITFRSE o NGRS Jithy BRI SEBRAGH
tL ype anti bO(ib’spfed:ﬁx%l}S (Mg 2B) ThaiThedehbetgiy etkol emgmedfsngaressti id alt tgreupand
par acase associ at c &%& s . e
sacrificed n&‘ﬁ eier (Trhét 0 tfﬁsgl; a%gi«rgg%%gﬁ Ion mir[ﬁe%ﬁ?rrﬁé:lt&ﬁ%d B{ﬂﬁ? i
obt ai ned af tcenvmoudy@mee&wglptwhewrprg\‘ém{?fﬁf’é@rﬁr%ﬁ)B Neverthgless, seenseddlsi %‘?Iéd

mce for whigghntrbe afle Y. 9a80-H6s34ted Rate HAE bbért &tind0besiepBitive Q@ﬂ&ng—term

respectiyvel Fi ceII din
al ispgr olul\és %843 aﬁ?%@er(sﬁ@ i épﬁz‘ﬁy s gn@%s%W%&l Sﬁdﬁ’%g?%%%\gu on o S 1|0
was mai nt ai i respleptively, ubmﬁtﬂ?eoﬁﬁlmrﬁ*c@ agis,dp hAEYT SHEOIAR indexns, werpp) |
Never t hel es bt i) céBlehfiondl Afice 3@H Thice e;oaadzal WitCL.i arasmer it pRdenbecef

Chear y oy R BreAER oMt S BpbR L B RTh Th T

respectively, in presence of BLG (Table 1). Lower stinulation indexes were
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presence O
lactoglobulin.

Characterization of BLG TC fiactions - effect_of. B. lactis-driven _hydrolvsis on the

molecular size of BLG and its TC peptides.
25  Both acidic and basic fractions were degraded by B. lactis extract while native BLG did

not. Before B. lactis degradation, the acidic fraction was composed of 36% peptides
with molecular weights ranging from 2000 to 5000 Da. Afier B. lactis degradation, the
percentage of these peptides decreased to 21% while low molecular weight peptides
(<500 Da) increased from 19% to 46%. Small peptides were also released after basic
30 fraction hydrolysis. Basic peptides with molecular weights from 500 to 2000 Da were

breakdown to give small peptides with delayed retention time.

IoE binding capacity of BLG and its TC fractions

Binding capacity of BLG and its basic TC fraction is not significantly reduced by
35  degradation with B. lactis extract. In contrast, serum TgR binding by acidic TC peptides
was slightly reduced by B. lactis-driven hydrolysis.
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of cell extr o(f‘x{anﬁng 586(511@ r}f‘ of BLG also containing 40 pg ml™ of cell extract protein), the
extract strongly stimulated lymphocyte proliferation suggesting that the stimulating

effect of BLG may have been due mainly to cell-free extract present at 40 pg mi?. In
20  contrast, ultrafiltration of the B. lactis extract itself produced permeate essentially free
-of proteins as verified by C18 chromatography suggesting that only traces of the extract
was remaining in both acidic and basic fractions after filiration. At low concentration
(1/1000 or 4 pug ml' of cell extract protein), the extract did not likely stimulate
lymphocyte proliferation indicating no contribution to the observed effect of acidic and

25  basic fractions.

Proliferation of lymphocyte from naive and tolerant mice

This paragraph deals with effect of B. lactis extract on the factors used to stimulate in
vitro proliferation of lymphocytes from young naive mice and mice daily receiving a
30 BLG-enriched diet. Before degradation by B. lactis extract, the acidic fraction
stimulated lymphocytes from naive mice more than those from their tolerant
counterparts while BLG and basic peptides did not. After degradation with B. lactis
extract, BLG and its TC fractions all stimulated significantly stronger proliferation of
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20
Example 5: infant formulae promoting and inducing oral tolerance
We prepare an infant formula by mixing together the following ingredients in the
indicated proportions. The final product comprises 519 kcal for 100 g, and is in powder
25  form.
Fat 277 g
Fat from milk 07¢g
Mixture of fats (150) 268 g
Lecithin 02¢g
30 Linoleic acid 41g
o-linolenic acid 525 mg
Proteins 95¢g
Free carbohydrates 579 g
Lactose : 579 ¢g

35  Minerals (ashes) 19¢g
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We prepare an infant formula by mxing together the follow g IW?@F
in the indicated proportions. The final product conprises 519 kcal for

g, and is in powder 25 form Fat 27.772 Fat frommlk 0.7 g M xture of
fats (150) 26.8 g Lecithin 0.2 g 30 Lthol

525 ng Proteins 9.5 g Free carbohydrates 57.9 g Lactose 57.9 g 35
M neral s (ashﬁég 1.9 g 15 SEP 2006 17 Sodium 120 ng Potassi um 460 ng

Chl orure 330
Manganese 40 g popgkighi um 10.4 g Tot al4gpghgds 97.0 ¢
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then add to the_above-prepared for Wbﬁﬁ 106 per 100g of Lactobacill us
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andChloPTe:  Bi fi dobact eri Metis. 15 Exanple 6: cat food
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m nerals rmaking up the
Magnesium 36 mg .

Manganese 40 pg

Selenium 104 ng
Total solids 97.0¢g
Humidity 30¢g

We then add to the above-prepared formulae 10° per 100g of Lactobacillus paracasei,
and 10? of Bifidobacterium lactis.

Example 6: cat food promoting and inducing oral tolerance

A feed mixture is made up of about 58% by weight of com, about 6% by weight
‘of corn gluten, about 23% by weight of chicken meal, salts, vitamins and minerals

making up the remainder.

The feed mixture is fed into a preconditioner and moistened. The moistened feed
is then fed into an extruder-cooker and gelatinised. The gelatinised matrix leaving the
extruder is forced through a die and extruded. The extrudate is cut into pieces suitable
for feeding to cats, dried at about 110°C for about 20 minutes, and cooled to form
pellets. At this point, a lyophilised powder of one or more sirains of the following
species is provided for application to the pellets: Lactobacillus paracasei and
Bifidobacterium lactis. Sufficient powder is thus provided so that the corresponding
dietary intake amount for the cat is from about 107-10° cfu / day . Some of the powder
is mixed into a first mass of pellets and bagged. A second quantity of the powder is
measured out and mixed with a lipid carrier which is then sprayed on to a second mass

of pellets. The pellets are bagged after the coating has dried sufficiently at 50-60°C for
some minutes.

t ol erance
ent’s

100

eic acid 4.1 g a-linolenic acid

to Humdity 3.0 g W



20 The feed mxture is fed into a preconditioner and noi stened. The

noi stened feed is then fed into an extruder-cooker and gel atini sed. The
gel atinised matrix |eaving the extruder is forced throughla) &P 205
extruded. The extrudate is cut into pieces suitable for feeding to cats,
dried at about 110C for about 20 m nutes, and cooled to form 25 pellets. At
this point, a |lyophilised powder, of ori@ or nore strains of the foll ow ng
species is provided for application to the pellets: Lactobacillus paracasei
and Bifidobacteriumlactis. Sufficient powder is thus provided so that the
corresponding dietary intake amount for the cat is from about 107-109 cfa
[ day. Somecgfimthe powder is mxed into a first mass of pellets and
bagged. A second quantity of the powder is 30 neasured out and nmixed with a
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Bi f i dobact e®.i Glse aeporfinttd clsime § evbiersin the Bifidebacgrintisiea Aifidobattenigmtiactisl ai m | or

cl ai m 2wherein the Bifidobacteriumis Bifzdobaeterium |actic ATCC 27536.
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f ood product lastiaATCR24A36.f ormul a. 15 6. Use accor di ng to one of clains 1
to 5 whggein the bacteria are present in.the food product in an anount of
105 to 108 /g _of food. duct,

preferably ﬁo?sg&cf@%‘gﬁg% ?fﬂaélﬁr%e)@t(ﬂ re ‘lenﬁh%cfdgrﬁb)b e At S 5%280 Use
according to g% of claims | to 4 V\/nereln t he food product is a pet food.
8. Use according to claim7 wherein the bacteria are present in an anount

of 104 and 51@83. QJcH{dglgftQBnJEfr&laﬂﬂm&M&Hﬁ%fc%ﬁo&ﬂtxg%ﬂ&f&m@ humi d

productsls and 105 to 108 cfulg for liquid pro

(

U

6. Use according to one of claims 1 to 5 wherein the bacteria are present in the food
product in an amount of 10° to 10° cf/mL of reconstituted formula or cfu/g of food
product, preferably 10° to 107, and in a most preferred embodiment 106,

20 7. Use according to one of claims 1 to 4 wherein the food product is a pet food.

8, Use according to claim 7 wherein the bacteria are present in an amount of 10% and
10° cfi/g for nop humid products, 10° to 10* cfu/g for humid products, and 10° to
10 cfwg for liquid products.

25 E o . C : .

9. Use of a Lactobacillus and & Bifidobacteria for the manufactyre of a food product . . .-
for the promotion and maintenance of oral tolerance to antigens. .

30 10. Use according to claim 9 wherein the Lactobacillus is a Lactobacillus paracasei and
the Bifidobacterium is a Bifidobacterium lactis.

~ 11. Use according to claim 10 wherein the Lacrobacillus paracasei is Lactobacillus
paracgsei CNCM 1-2116 and the Bifidobacterium lactis is Bifidobacterium lactis
35 ATCC 27536,



25 9. Use of a Lactobacillus and a Bi idobacteria for the manufacture of a
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Lact obaci | | us paraeasel and the Bifidobacteriumis a B fdobact erium

| actic. 11. Use according to claim 10 wherein the Lactobacillus paracasei
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transpl afft $: P84 1dse accor di ng to claim17 conprising a Lactobacillus to
i nduce oral tolerance, and a Bifidobacteriumto maintain an oral tol erance

previously 'm%g‘%‘ﬁé‘g&m%amﬁﬁerabf Qﬂiact tgm?g%c er S}}gg@ct obacil | us

i s Lactobacillus paracasei,
| -2116. 20. Use according to cIa|n119 mhereln t he Blfldobacterlun1|t

Bi f r dobact ed6-dimelacrotding to 080 ofelaiftsSabl § whiteih esirioah o AT GE0rR 4G 25 in the
15 foodstuff according to the invention is preferably comprised between 10* and 10° -
cf/g of food product or cf/ml of reconstituted product when incorporsted to
bumid or liquid products, and 10° to 10° cfu/g of food product when incorporated to
non-humid or less humid products,

20 17. Use of probiotics for the manufacture of a food product to decrease the risk of
rejecting transplants.

18. Use according to claim 17 comprising a Lactobacillus to induce oral tolerance, and a
Bifidobacterium to maintain an orsl tolerance previously induced.
25 . -
19.Use according to claim 18 wherein actobacillus is Lactobacillus paracasel,
preferably Lactobacillus paracasei CNCM 1-2116.

20. Use according to cleim 19 wherein the Bifidobacterium a Bifi dobacterium lactis,
30 preferably Bb 12 strain ATCC 27536.



