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Met:hods of preventing or treating allergies Field of the invention
'5 The present invention relates to nethods and neans of suppressi ng
-f ood- i nduced hypersensitivity reactions in patients suffering from
food allergy. Reovimvaisar|y the I nventi on provi des met hodsPCIVFI96/00350
ipreventing or treating allergies, especially cows mlk allergy in
,|nfants The 10 |nvent|on also relates to deWbIopnent of speC|f|c f or mu-

‘lae for allergic infan s a|r ut barri u
Cow s milk allergy § ng © ¥rﬁﬁﬁﬂ§im9dP§§869i8 adverse

‘reaction to cow s mlKk protelns The pr esent treatnent of choice is

‘the conplete elimngji.3a gl %ﬁ&'iﬁvent ol | k antigens. In infants with CVA
'It IS necessary to use substltute formul a when human mlk is

‘unavai ITabl e. Hydr ol ysed fornulae, based on cow s mlk-derived whey or
20 casei n, are usethe prpsentdinadationcreldteds itonmetthbds and means cefi

antigenic |oad. The digplEbiaEy eh6AL1hAGALE Hypdtsenss e1624y Sribbkdl

affects the conformati
patients suffering from food allergy. Particularly the

invention provides methods of preventing or treating
allergies, especially cow's milk allergy in infants. The
10 invention also relates to development of specific formu-
lae for allergic infants with impaired gut barrier func-
tion.
Cow's milk allergy (CMA) is defined as an immune-mediated
15 adverse reaction to cow's milk proteins. The present
treatment of choice is the complete elimination of dow‘s
milk antigens. In infants with CMA, it is necessary to
use a substitute formula when human milk is unavailable.
Hydrolysed formulae, based on cow's milk-derived whey or
20 casein, are used to provide adequate nutrition with a
reduced antigenic load. The preliminary heat treatment of
cow's milk mainly affects the conformation of proteins
and facilitates their hydrolysis. Subseguent enzymatic
hydrolysis with pepsin, trypsin, pancreatic extracts and
25 extracts from the intestinal mucosa causes progressive
destruction of sequential epitopes and refines the for-
mulae into the least antigenic and allergenic form.

In most cases, extensively hydrolysed cow's milk-derived

30 formulae can be safely introduced and these are efficient
and clinically and metabolically well tolerated. Enzyma-
tic hydrolysis, however, does not necessarily make the
formula nonallergenic, as the optimal extent of hydroly-
sis is not known and traces of the original protein are

35 detected in the hydrolysate. Therefore, introduction of
these substitutes to children with cow's milk allergy
must be cautious.
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' and sensitization to multiple foods. New approaches are
urgently needed for the treatment of cow's milk allergy

10 to improve the substitute formulae in CMA.

Intestinal antigen handling determines subsequent immune
response to the antigen. In health, antigens are absorbed
across epithelium along two functional pathways. The main

15 pathway is degradative réducing the immunogenicity of the
antigen. A minor pathway allows the transport of intact
proteins which is crucial for antigen-specific immune
responses. Aberrant antigen absorption enhances the sen-
sitization process (Fargeas et al., 1995).

20
Differential production of cytokines by T-helper (Th)
cells during an immune reaction has important regulatory
effects on the nature of the immune response. The cyto-
kine profile of the natural immune response determines

25 the phenotype of the subsequent specific immune response.
Apart from controlling IgE synthesis, IL-4 is crucial for
the development and maturation of the Th2 phenotype, cha-
racterized for allergic inflammation.

30 This process appears crucial for the development of tol-
erance to ingested protein. Oral tolerance is a state of
antigen-specific systemic non-responsiveness character-
ized by local antigen-specific IgA response.

35 An isolated human intestinal strain, Lactobacillus strain
GG (Lactobacillus GG, ATCC 53103) has recently been shown
to promote local IgA responses against dietary antigens
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Probiotics are viable microbial preparations which pro-
15 mote health by maintaining the natural microflora in the.
gut. A microbial preparation can be acknowledged as a
probiotic if the functioning microbes thereof and their
mode of action are known. The probiotics attach on the
intestinal mucosa, colonize the human intestinal tract
20 and prevent attachment of harmful microbes. A crucial
presumption is that they get up to the gut's mucosa and
do not get destroyed in the upper part of the gastro-
intestinal tract. Lactobacillus GG is one of known bac-
teria having probiotic characteristics.
25
Description of the invention

The present inventors have now found that certain bac-
teria of the gastrointestinal tract, especially Lacto-
30 bacilli, and especially bacteria having probiotic char-
acteristics, can be used to enhance the efficacy of elim-
ination diets and to improve the oral tolerance, in pre-
venting or treating food-induced hypersensitivity reac-
tions in a patient.
35
One aspect of the invention is that protein hydrolysates
obtained by hydrolysis of proteins with above mentioned
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3. - encountered by the enteric route and may therefore aid in

i mmune elimnation (Isolauri et al., 1993). It is not as yet known
whet her particular strains of intestinal bacteria could directly

modi fy the | mMigngmndsgi ty of the 5 food antigens and conseqp€rilosooaso
downr egul at e hyper sensi - tivity reactions. Lactobacilli are

included in the mcrobial flora of healthy i ntestines. It has been
-assuned that Lactobacilli 10 act in the intestinal tract bY conpeting for
t

receptors and gestredntestinalkibantarigere AP RN 1 Saide PUT-
nal mucosa. Poslal. Ofte CShév thestel inatiprofeilal hipd iy s te Dbtaitiedpr o-

15 note health by maintalning the l,..mcroflo '

m crobi al preparati (?ﬁc@gﬁiﬁg g%k%}bﬁgfdb%gg‘t&?namvg &gr%"gll"%{bﬁ‘coqj?cat]%elgﬁeét
functi oni ng m cr obepromoting hyppaliargenicitysdfhef hydrokysates [dawnregmia
probiotics attagh ORtehfypersensi©ititialrdiidtadons €RLS PEdndtithd) W gut

intestinal tract 20, and prevent tac nt .of ha jcrqhes. A cruci
presunption is that imé‘?egg?rﬁgef gg‘frf%t ‘ é"'ﬁﬂcﬁ%gig*fiosqng th%?o oYk ?né%?’sgh
destroyed in the upperrjgert of the gastro-

The present invention provides an improved protein hyd-

10 rolysate formula downregulating hypersensitivity reac-
tions and promoting the gut immune barrier function. The
hydrolysate formula is obtainable by hydrolysing proteins
with enzymes derived from probiotic gastrointestinal
bacteria, especially Lactobacilli, which have adhesive

15 and colonizing characteristics and a protease enzyme ' sys-
tem which are similar to those of the strain Lactobacil-
lus GG (ATCC 53103), and with trypsin and/or pepsin.

Alternatively, a protein hydrolysate formula of the in-

20 vention can be obtained by hydrolysing proteins with
trypsin and/or pepsin, and adding to the hydrolysate so
obtained a bacterial preparation comprising probiotic
gastrointestinal bacteria, especially Lactobacilli, which
have adhesive and colonizing characteristics and a prote-

25 ase enzyme system which are similar to those of the
strain Lactobacillus GG (ATCC 53103). The bacteria are
added into the hydrolysate formula preferably as a
lyophilized preparation.

30 While administering such a hydrolysate formula to a
patient, it is to be expected that the hydrolysing
enzymes of the bacteria present are released in vivo
whereby the same effect is achieved as with an improved
hydrolysate formula as defined above. In addition, the

35 viable bacteria stabilize the gut mucosal barrier enhanc-
ing the local defence.
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. present inventors have now found that certain bac- teria of the
~gastrointestinal tract, especially Lacto- 30 bacilli, and especially
- bacteria havi ngyglo®bdeds i C char - acteristics, can be used perprBREHINE
- the efficacy of elim Ination diets and to inprove the oral tolerance,
in pre- venting or treating food-induced hgpersensitivity reac-
~tions in a patient. 35 One aspect of the invention is that protein
~hydrol ysates o simbodigenty gfokthéssinventinreils avmeithodoed praverting
- WD 97/ 00078 or treating food-induced hyperddnbiftli%4902a@ctions in an

Pere that protel n hyifitikea pBiey Pethe S%Pﬁ%%qcaf%aﬁea of; BaRTpufEesly’
have anh i munol ogi ca¥o &if dafant atprisbt thg inprodde protiedint hydrpdysate
~hydrol ysates dOW@remwhmuﬂé ofakﬁehlﬂﬁéﬁéﬂéht'd%téiﬂéiﬁﬁﬁﬂﬁgiytBuﬁraieﬂﬁt'ng
the gut | mune ba& ro'l%rrsarl:e %to!t:(l?lala toge'lg:lt;é’j‘r Iwit%x e bac?teg&%lng%gpgi'ation
| comprising probiotic gastrointestinal bacteria, especial-
ly Lactobacilli, which have adhesive and colonizing char-
acteristics and a protease enzyme system which are simi-

10 lar to those of the strain Lactobacillus GG (ATCC 53103).

A further embodiment of this invention is a method of
treating cow's milk allergy in a patient, comprising ad-
ministering to the patient the improved protein hydro-

15 lysate formula of the invention or, alternatively admin-
istering a protein hydrolysate formula together with a
bacterial preparation comprising probiotic gastro-
intestinal bacteria, especially Lactobacilli, which have
adhesive and colonizing characteristics and a protease

20 enzyme system which are similar to those of the strain
Lactobacillus GG (ATCC 53103).

The invention also provides a method of promoting tolero-
genic immune responses to food antigens in a patient,

25 comprising oral administration of the improved protein
hydrolysate formula of the invention to the patient, or,
alternatively, a bacterial preparation comprising
probiotic gastrointestinal bacteria, especially Lacto-
bacilli, which have adhesive and colonizing characteris-

30 tics and a protease enzyme system which are similar to
those of the strain Lactobacillus GG (ATCC 53103), or,

. alternatively, a protein hydrolysate formula together
with a bacterial preparation comprising probiotic gastro-
. intestinal bacteria, especially Lactobacilli, which have

35 adhesive and colonizing characteristics and a protease
enzyme system which are similar to those of the strain
Lactobacillus GG (ATCC 53103).
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Preferred bacterium to be used in the formulae and met-
hods of the invention is Lactobacillus GG (ATCC 53103).

In this specification and in the appended claims the

15 phrase "bacteria, especially Lactobacilli, which have
adhesive and colonizing characteristics and a protease
enzyme system which are similar to those of the strain
Lactobacillus GG (ATCC 53103)" should be understood to
define bacteria whose adhesive and colonizing character-

20 istics are comparable to those of the LEGG strain, e.g. as
defined in EP-patent 199 535. These bacteria are also
supposed to have same kind of enzyme system as LGG, which
means that enzymes derived from such bacteria are able to
degrade proteins to produce hydrolysation products with

25 same effects as those obtained using enzymes derived from

LGG.
Abbreviations
30 CI confidence interval
IFN-v Interferon~y
IgA Immunoglobulin A
IgE Immunoglobulin E
IL-4 Interleukin-4
35 LGG Lactobacillus GG (ATCC 53103)
OKT3 anti-CD3 antibody

PBMC peripheral blood mononuclear cells
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5, - An enbodi nent of this invention is a nmethod of preventing or
~treating food-induced hypersensitivity reactions in an i nfant, which
- met hod conprises the step of adm nistering to an infant at risk the
| pr oved protei\,ﬁ, | ysate 5 fornula of the invention, or acramssmbisec| y
a protein ydrol ysate fornula together wwth a bacterial preparation
. conprising probiotic gastrointestinal bacteria,7 especi al - |y
Lactobacilli, which have adhesive and col oni zi ng char - acteristics and

a protease enzyne sPNFem whi thmoue naqgrosis)fagter & t hose of the strain

Lactobaci |l us GG (AREC 53103test group Adceiviag exedsively diyddtlysed Whey
i nvention is a nethod of treating cows mlk allergy in a patient,

conpri sing ad- m ni st er TR ﬁi?the patient the inproved protein hydro-
15 lysate fornul a WF-GBe i nbestigroup regedving: exsepsively,-hydrolysad Whey

a protein hydrolgysate fornul goi-Refd iHa HiEe preparat®eit eri al preparation
conpri sing probiotic gastro- i ntestinal bacteria, especially

Lact obacilli, which have adhesi ve and col oni zi ng characteristics and a
" protease 20 enzynP/Tyeaseinh+ ctasein divdrodysed byopepsintard styyvnsin

Lactobacillus GG (Apye_g3lédbein = a,-casein hydrolysed by pepsin and
trypsin

10 . :

Brief description of the drawings

Fig. 1laA-1D Mitogen-induced proliferative responses
of PBMCs in vitro to P/T-casein (1A), P/T-a,,~casein (1B),
.15 P/T-casein additionally hydrolysed with LGG derived enzy-
mes (1C) and P/T-a,,-casein additionally hydrolysed with
LGG derived enzymes (1D). Results are expressed as mean
counts per minute for. cultures without hydrolysed product
(PHA-RPMI 1640) and with hydrolysed product at three con-
20 centrations (0.1, 10 and 1000 pg/ml). Horizontal lines
represent the geometric mean of counts per minute of the
six experiments, enumerated the same for each individual.

Fig. 2 The clinical score of atopic dermatitis (SCORAD)
25 in each patient and the median score for extent (A), in-
tensity (B) and subjective score (C) for atopic dermati-
tis before management (0) and one month later (I) in
infants receiving extensively hydrolysed whey formula
without (WF) or the same with Lactobacillus GG (WF-GG).

30
Fig. 3 The effect of casein and Lactobacillus GG-degra-
N ded casein on the production of IL-4 and IFN-y by PBMC in
atopic patients (a,b) and in nonatopic healthy children
. (c,d). White columns represent the median cytokine pro-

35 duction in control cultures; black columns, in cultures
containing purified casein; anc. hatched columns, in cul-
tures containing Lactobacillus GG-degraded casein. Inter-
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Lact obaci |l lus GG (ATCC 53103), or, alternatively, a protein

hydr ol ysat e for nul 8edkknthddnes represent ethe 4NRET BNEpAPWET CIVABRHESS{ ng
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'ILDET/ 96/ 005_50 5 g Fig. 4 The e\fvﬁect of a,-casefn anﬁi g.abi%obatéiﬁﬁgoﬂlé- of
e invention as define ove, n a rofein rol.ysate forpula js
- used in conbinatio "'E%’e a-l"?é"ls?gf‘eBonBﬁi&?‘i“‘f)gﬁ’érqfaliﬁgd@ ntENahRE,
such a for- NMUPBME din laopdy patiewts (@ kiandydr obpatopi¢chealthy 5
known or novel. It &mé}y,.s (l&dql‘tgﬁifé n?%fﬁ:ﬁx?é n@iﬁre%bﬂt the ,pgal:[&l,y &
hydr o zse of a

- or alternatively an extenswelty formula, Preparation _
protein hydrol ysat &ing pyaduction’ in c lntrol cultures:; black columns, in
10 cultures containing a,,-casein; and hatched columns, in

cultures containing Lactobacillus GG-degraded a,,-casein.
Intersecting lines represent the upper and lower guarti-
les. *Statistically significant pairwise comparison to
control cultures.
15 _ .
The following examples illustrate the invention further.
Methods for preparing the improved hydrolysate are
described, as well as. experiments showing the beneficial
therapeutic effect observed in the present studies.
20
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802. 10 Preferred bacteriumto be used in the formul ae and net-
hods of the invention is Lactobacillus GG (ATCC 53103). In this
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in EP-patent 199 535. These bacteria are al so supposed to have sane

ki nd of enzynme system as, L i ch meagns that enzyne rived from
such bacteria are aﬁi‘%"’ﬂ‘?c? %W%Pgi igm?rﬁ"ﬁ?g?hﬁfep (ﬁ'@?ﬁ‘t #8n
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from LGG ﬁgp e¥!ﬂ;i S 30 Cl confidence interval

| FN-y Interferson-i;er élg é§‘| nmunogl obulin A | gE

| mmunogl obulin E. | L-4 Interleukin-4 35 LGG Lact obaci | | us GG
(ATCC 53103) XJ8. amyadrdlysty idodow's MibBMirotessy i pheral bl ood

mononucl ear cells  pooine total casein and casein components (a,,-casein)

were purified from cow milk (Syv#oja, 1992). The hydroly-

10 sis with the enzyme mixture derived from Lactobacillus GG
was applied separately to casein and a,;~casein. The
enzymes were isolated using the modified method of Exter-
kate and de Veer, 1985. Briefly, the enzymes were releas-
ed by sonication of frozen bacterial cells. The superna-

15 tant of the centrifuged cells was separated and used for
the hydrolysis of casein and q,,~casein. The hydrolysis
was carried out for 24 h at 34°C.

The GG-hydrolysates so obtained were further hydrolysed
20 with pepsin and trypsin. Briefly, the samples were hyd-

rolysed first with 0.1 % pepsin in 0.1 mol/l HCl for 3

hours at 37°C, pH 2.5. After pH adjustment with 250 mg

NaHCO; and 2 mol/1l NaOH, 0.1 % trypsin was added to the

samples and these were hydrolysed for 5 hours at 37°C, pH
25 8.0.

p/T-casein and P/T-a,,-casein samples were obtained by

hydrolysing the purified casein and a,,-casein only with

. pepsin and trypsin as described above, without GG-hydrol-
30 ysation.

- 1.b. Lymphocyte transformation test
2 modification of the whole blood micromethod for
¢ mitogen-induced lymphocyte transformation was used. Six

35 to eight healthy individuals volunteered as blood donors
for the experiment. Briefly, heparinized venous blood was
obtained and diluted 1:7 with RPMI 1640 culture medium
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7 . - TNF- a tunour necrosis factor [err] WF test group
recei ving extensively hydrol ysed Wey Formul a WF- GG
- test group receiving extensively hydrol ysed Wey 5 Formul a and
- LGG preparati oggoeroge7s P/ T-casein = casein hydrol ysed by pepspérm@glodste/ PSi n
' P/T-[err]-casein = [err]-casein hydrol ysed by pepsin and trypsin 10
Brief description of the draw ngs Fig. 41¢\ 1D M t ogen- i nduced
proliferative responses of PBMCs in vitro to P/ T-casein (1A,
P/ T-[err]-casei n (168prand Iskird Bicdogigalii CoontY) WSAM rasantadningt ANtDHG
derived enzy- PEStids) Priirk ﬁiﬁhﬁﬂﬁe(mﬂwﬂiﬁtﬁ'ﬂaﬁob&ébﬁiiésed
)
t

W th LGG derived enﬁ[‘U Sﬁlﬁtﬂfﬂ %@hg&'&s 1%?%“%

counts per mnute f
1640) and wit h hydr bhgsantibinkics,awithr venges- oﬂOﬂnaﬂemommmst(-ons ino

and 1000 [errlglsm)euﬂ%i-éé’r%fde ¥ 1250 n {;?ﬂie ﬁi‘ﬁ.&@ﬁ?&&biygﬁéasﬁ'
counts per mnute of th &x exper i men f egtf t he S%EE for each
i ndi vi dual . of casein asein were dilut n 1 to

: their final concentrations of 0.1 pg/ml (low), 10 pg/ml
(medium) and 1000 pg/ml (high) as proven to be nontoxic
on T cells in dye exclusion studies with eosin.

10 . .
Two sets of experiments were undertaken to investigate
the mitogen-induced proliferative responses of peripheral
blpod mononuclear cells (PBMCs) to (A) casein hydrolysed
with pepsin and trypsin (=P/T-casein), (B) q,;-casein

15 hydrolysed with pepsin and trypsin (=P/T-a,,~casein), (C)
P/T-casein additionally hydrolysed with Lactobacillus GG
derived enzymes, and (D) P/T-a,,~casein additionally
hydrolysed with Lactobacillus GG derived enzymes.

20 Experiment consisted of four control cultures with 4if-
ferent dilutions of the culture medium and the mitogen,
as well as corresponding test cultures with 25 pl of hyd-
rolysed products at three different concentrations. The
assey was carried out as described in Siitas et al., 1996.

25
The mitogen-induced proliferation of PBMCs was expressed
as counts per minute, background excluded. The results
were presented for control cultures containing 125 pg/ml
PHA and RPMI 1640 and for the three test cultures con-

30 taining 125 pg/ml PHA and hydrolysed products at the low,
medium, and high concentrations. '

l.c. Statistical analysis

A nonparametric pairwise test (Wilcoxon signed-rank test)
35 was used to compare the change of the values in counts

per minute of each of the test cultures with those of the

control cultures. The level of significance was p < 0.05.
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and in nonatopic healthy children (cd). White colunmms represent the

medi an cyt oki ne prosigaificamtixgsults @f pelrvwise cempapiaons WAL RYCSPR-

cultures  cont aigjNgs PeGpHrEskiGs U stand18616hc8ceotdiNits to @etirease
tures containing Lactobacill us qg-qﬁgraq?d cgsein. nter- @Q

97/ 00078 or increase of the values nm&@@%%ﬂte in the
secting |lines represest ¢chktupper and | ower quartil es. *Statistically

significant pai W se conparison to control cul tures. 5 Fig. 4

The effect of [érr]-casein and Lactobacillus GG
- 1.d4. Results

In the experiments done with P/T-casein and P/T-a,,-casein
additionally hydrolysed with Lactobaclillus GG derived
enzymes, the mitogen induced proliferation of PHMCs was

10 significantly suppressed at 0.1, 10 and 1000 pg/ml
(p=0.03, p=0.03, and p=0.03) (Figs 1C and 1D) compared to
P/T-casein and P/T-a,-casein (Figs 1A and 1B).

15 Example 2. The treatment of infants with atopic derma-
titis with protein hydrolysate formula supplemented with
lactic acid bacteria

2.a. Patients and study design
20 The study comprised 31 infants, aged 2.5 to 15.7 (mean
age 8) months, fulfilling the Hanifin criteria (Hanifin,
1987) for atopic eczema in children. They had been
referred to a paediatric clinic on the basis of atopic
eczema and.suspected cow's milk allergy. The mean age at
25 onset of symptoms was 2.4 months. Duration of total
breast-feeding was 5.9 months. A positive family history
of atopic diseases (asthma, atopic eczema and allergic
rhinitis) or food allergy in first-degree relatives was
noted in 26 (84 %) patients. The eczematous lesions were
30 treated with emollients and topical corticosteroids. No
patient was receiving systemic corticosteroid therapy.
. Besides atopic eczema, gastrointestinal disturbances such
as loose stools, vomiting or diarrhea were seen in 9 (19
. %) patients. After the study periods the patients were
35 allocated to double-blind placebo-controlled cow's milk
challenge. Only those having a positive reaction (27/31)
were included in the final study population.



degraded [err]-casein on the production of IL-4 and | FN-y by PBMC in
at opi-c patients (a,b) and in nonatopic healthy children (a,d). Wite
colums represent the nedian cyto- ki ne production in control

. cultures; black colums, in 10 cultures containing [err]-casein; and

' hatched col umgogyieess  Cul tures containing Lactobacillus Gocaseauss

. [err]-casein. Intersecting lines represent the upper and | ower quarti -
. les. *Statistically significant pairw se conpa®i son to contro
cultures. 15 The foll ow ng exanples illustrate the invention further.

Met hods for prepariThe @Rtienteovere yemdouinad te &wo groypefepRpe FORR-
as experinents shownt) ghtRiph¢Wet, | k34 ) receivid axtienisdvel{ychiydrdbesed tvhay

t he present studies 97, i
e B aoy rorahila (Valio YEa® hOPM ks, Finjand, EP:A-601802) and

- Exanple 1  Suppr eRRoHRest GroNphEWFrECp i3l macedived, the sape frmilaovi ne
casei ns hydrol ysed yith dedatcabaal! Laetébachiivie do/ pdepasht®on (5x10° cfu/g)

(supplied by Valio Ltd, Helsinki, Finland). After the
one-month therapy with their assigned formulae; both
groups received an extensively hydrolysed whey formula
(valio Ltd) for one additional month. The serum total IgE

10 concentration, cow's milk-specific IgE (RAST, Pharmacia,
Uppsala, Sweden) and skin prick tests were determined
from all patients before dietary intervention. Prick tes-
ting was done on the volar aspect of the forearm, using a
commercially available cow milk allergen ALK (Allergolo-

15 gisk Laboratorium, Horsholm, Denmark) and test formula
diluted to normal feed concentration. A 1 mm single-peak
lancet with shoulder to prevent deeper penetration (ALK)
was used, with histamine dihydrochloride 10 mg per milli-
liter (ALK) as positive control. Reactions were read

20 after 15 minutes, and a response half of the histamine

' reaction size or more was recorded as positive on condi-
tion that the mean diameter of the wheal was at least 3
mm and the negative control at the same time 0 mm.

25 Faecal samples for the determination of a-1 antitrypsin
and TNF-a were collected beforé the comméncement of the
management and 1 (corresponding to the study period) and
2 months later.

30 The severity of atopic dermatitis was scored according to
the SCORAD method, established by the European Task Force
on Atopic Dermatitis (1993). Briefly, the extent (score
A) of the dermatitis was estimated using the rule of
nines. The intensity (score B) of the dermatitis was the

35 sum of the individual scores (0-3) for erythema, oedema
and/or papules, excoriation, lichenification and dryness.
The subjective (score C) manifestations (Scored 1-10),



l.a. . Hydrolysis of Cow s M1k Proteins Bovi ne total casein and
casei-n conmponents ([err]-casein) were purified fromcow mlk (Syvaoja,
1992). The hydroly- 10 sis with the enzyme m xture derived from
Lactobaci |l lus GG was applied separately to casein and [err]-casein.
The eNZYMypo ¥keB7s SOl ated using the nodified nethod of BExicEfrosnosse
kate and de Veer, 1985. Briefly, the enzynes were rel eas- ed by

soni cation of frozen bacterial cells. The supemsa- 15 tant of the
centrifuged cells was separated and used for t he hydrol ysis of casein
and [err]-casein. THadinfipgypruritus gpd sieep dPssut wete agsesgedlfrenr|C

The GG hydrol ysat es greitis?i BetinEtLohs |  SEORALY Qe WhEdinEa withthépSaIcu-

and trypsin. Briefly, .the s |l es re hyd- rolysed first with 0.1 %
pepsin in 0.1 nol /I %1%rigg*§-5¥§6 ts at 37[err]C, pH 2.5. After pH
adjustfent wth 250 ng NaHCO err] and 2 nol/1 NaCH, 0.1 %trypsin was

added to the 5 S3Hd &tudydprBes8o1euss m%smw heSEGALEE] AReview
37[err]C, pH 25

8. 0. P/ T-casein_a P/ T- rl-caseip._s | es re
obt ai ned by hy frERAERe Phe WW?M‘&%@%Qa%%’é%#!cgge?ﬁP%m Wi th
- pepsin and trypsi n aonsendtr wasdobbained wErdm uthespdremtsl.- 30 ysati on.

1. b. Lynphocyte transformation test A nodification of the whole
bl ood m cronet hod for m t ogen- i nduced | ynphocyt.e transfgéngt I on_ was
(o]

used. Six 35 to ei4ge heal PR¥EFRipation of \arl, Addtryrgin,in faecad, s

~for the experinmemt. Briefly, spepitmenszed venous bl ood was obt ai ned and
diluted 1:7 with RPMrJ%O f%%EWEpH@%HHQ were thawed at room temperature
and homogenized. Approximately 1 g was transferred to a
glass tube and lyophilized. The resulting dry material
was ground and 50 mg transferred to an Eppendorf tube.
15 One ml of 0.15 M NaCl solution was added, and a-1 anti-
trypsin was extracted by vigorous mixing in a Vortex
mixer for 20 minutes at room temperature. The resulting
suspension was centrifuged at 25,000 g for 10 minutes to
remove the debris, and the supernatant was used for the
20 determination of a-1 antitrypsin using a Behring BNA
nephelometer according to the manufacturer's instruct-
ions. The results are given as mg/g dry weight of
lyophilized faeces.

25 2.c. Determination of TNF-a in faecal specimens
Deep-frozen faecal specimens were thawed at room tempera-
ture, suspended 1:1 (w/v) in physiological saline and
allowed to sediment. Of the supernatant, 0.5-1.0 ml was
transferred to an Eppendorf tube and centrifuged at

30 25,000 g for 10 minutes. The supernatant was then used
for the determination of TNF-a. A commercial enzyme
immunoassay (Human TNF-a ELISA Kit, Endogen Inc., Boston,
Massachusetts, USA) was used, as instructed for serum
specimens, for the determinations of faecal TNF-a.

35
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10 - (Grand Island Biological Co. NY, USA) containing anti -
~biotics. Phytohemagglutinin (PHA) (Difco Laboratories, Detroit, Mch.,
i USA) was diluted wwth RPM 1640 contai n- ing antibiotics, with ranges
| of- final concepigndpb@®s in 5 cultures from5 to 1250 [err] g/ pET/Fio6mosse
- Lyophi i zed hydrol ysat es of casein and [err]-casein were diluted in
RPM 1640 to their final concentrations af40.1 [err]g/m (low), 10
pg/ m (medium) and 1000 [err]g/m (high) as proven to be nontoxic
on T cells in dye eRefusi on SkakksLicH th eosin. 10 Two sets of

experi nents were unggriakésh o Iwwedistriﬁmcmé QiE%érﬁldU([gﬁ con-

[if t
P0%(m Scasel n hyar oPpatrRtidiE, Mgl cemic, FA8F ﬁ%‘ﬁ p, ¥2 nrgg%%
- [err]-casein 15 hydatayaxel Mﬁsarmm manSr\y:pthrPQ “p/cprifidenceadatey-
(O P/ T- cagei nvaﬂdlcdz aldne Reicenteads é"bfaﬁiﬂtaﬁdd-ddﬁ garameters

- derived enzynes, and errl.-casein_addi h roI with
~ Lact obaci |l us GG dePFéeé’%ﬁ‘ﬁ'}ﬂ[ﬁé.Jit JecE2pE ¥ irt‘ﬁr?%‘fgﬁlaﬂde FEL-
control cultures w LasdiThe Wilcdworesigbedurapkstesdt tarel diie Mﬂtﬂennd

- the m togen, U-test were used in statistical comparisons.

10 2.e. Results
2.e.l. Clinical data
The mean (95 % CI) serum total IGE was 31 (15-61) KU/l in
patients receiving the hydrolysate formula. RAST for
cow's milk was positive (>0.4 kU/1) in 10/31 (37 %)

15 atopic eczema patients. Skin prick test for cow's milk
was positive in 8/31 (30 %) patients. '

The severity of atopic dermatitis: in each patient before
the commencement of the managements and one month later,
20 i.e. after the study period are presented in Figure 2.
The median (lower quartile-upper quartile) SCORAD score
was 21(14-31) in group WF and 26 (17-38) in group WF-GG
before management (p=0.33). There was a significant
improvement of SCORAD score after one month's interven-
25 tion in those receiving Lactobacillus GG (p=0.008), but
not in those receiving extensively hydrolysed formula
without Lactobacillus GG (p=0.89). The SCORAD score was
then 19 (13-31) in group WF and 15 (7-28) in group WF-GG.
The decrease in the SCORAD score in WF-GG was due to the
30 reduction of the extent (score A, p=0.004), intensity
(score B, p=0.05) and subjéctive score (score C, p=0.01)
for atopic dermatitis (Figure 2). The improvement of
SCORAD score was achieved by 2 months in the WF group,
and in group WF-GG in remained unchanged after cessation
35 of Lactobacillus GG. At 2 months, the median (lower
quartile-upper quartile) SCORAD score in group WF was
14(2-38) and in group WF-GG 16(6-25).



as wel.l as corresponding test cultures with 25 [err]l of hyd- rol ysed

products at three different concentrations. The assay was carried out
as* described in Sutas et al., 1996. 25 The m togen-induced
proliferation of PBMCs was expressed as counts per mnute, background.

- excluded. The %%‘-i)ogﬁs were presented for control culturescrpPéeosse ng
125 [errpg/m HA and RPM 1640 and for the three test cultures con-

30 taining 125 [err]g/nm PHA and hydrol ysed psoducts at the |ow,

medi um and hi gh concentrations. l.c. Statistical analysis

A nonparanetric pai 2ves2. t esthe \Mm&n‘asﬂ-gn!dofamkl-t%ﬂtmﬂﬂa%Wrﬂ
conpare the change of the vaj_,yq_saédgscounts per mnute of each of the

test cultures V\nththose of tu T v
significance was p ERgheaithy controlﬁo? ﬁgﬂogge L&an '(Yowet' Guatltile-
- PCT/ FI 96/ 00350 upper quartile) concentration ofja-1 antigrypsincyas 0.5

. results of pairwisecgogDar el cBRBBNtratioh COF -1 ANTITH Oty
- stinulation acc%ﬂrdl ng to d'yeg%%/s%\e o8 e| ngfgaso ‘91[, é&l% I ug:?p%a:mgazs
per minute in the CcompaEable petjeen ggoups WF ant WrF- fore” manag

(p=0.22). As indicated in Table 1, the concentration of
a-1 antitrypsin decreased significantly in group WF-GG
(p=0.03), but not in group WF (p=0.68) during the one
10 . month study period. At two months, the concentration of
a-1 antitrypsin was 1.2 (0.5-1.6) in WF and 0.5 (0.5-0.7)
in WF-GG.
The concentration of faecal TNF-a was 0 (0-0.08) pg/g in
15 healthy controls. The concentration of faecal TNF-a was
significantly higher in atopic children, p<0.0001 (Table
1). The concentration of TNF-a was comparable between the
groups WF and WF-GG before management (p=0.57). The con-
centration of faecal TNF-a decreased significantly in WF-
20 GG (p=0.003) but not in WF (p=0.38) during the one month
study period (Table 1). A reduction in TNF-a concentra-
tion was achieved by 2 months in group WF, while in group
WF-GG who were also given the extensively hydrolysed for-
mula without Lactobacillus GG a tend to increased TNF-a
25 was detected. The concentration of TNF-a was then 84 (25-
129) in WF and 144 (20-338) in WF-GG.



l.d. . Resul ts In the experinents done with P/ T-casein and

P/ T-[-err]-casein additionally hydrolysed with Lactobacillus GG derived

. enzynmes, the mitogen induced proliferation of PBMCs was 10 significantly

| sappressed at 0.1, 10 and 1000 [err]g/m (p-0.03, p=0.03, and p=0.03)
(Figs 1C and 1 red to P/ T-casein and P/ T-[err] - capSpoddobsds 1A
and 1B). The treatnment of infants with atoplc der ma-
titis with proteln hydrolysate formul a suppl enmgited with | actic acid
bacteria 2. a. Patients and study design 20 The study conpri sed
31 infants, aged 2.%abke 1%. Tr!(ewmcantra&gens)omml forlf iantiggypetn and
ranifin criteria (Hkldbotore nelikbbnbAt p0Fa Gk Wbrith Laived en) divey

had been referre to a aedlatrl I| |c 0 he ba5| f a

eczema and suspecteﬁn 5PPéF§§°“Tﬂ Qﬁm d§§%8 s% g%?la

synptons was 2.4 no(wWRy. oflmhalsmmmoﬁbuuuah containtngnLdaﬁabaqglaas G6G9

months. A positigve fandlyy % ﬂh@ “ Datgf (hé%f&ﬁl CrowerS Qa1 $EOPI C
tis

eczema and aIIerglc foo ergy In flrst degree

rel ati ves was WBPeY quaTipl @6 patlents The eczenmatous | esions were
30 treated with emollients and toplcal cortlcoster0|ds No patlent was
recei ving systemic q & ST e e
gastroi ntesti nal dlgturbances such umas Ioose stools, nm¢|ng or

di arrhea were seen fn.Q (19 A—ﬁfinnfc Aftorthe

patients mere 35 al g@gtgﬁtlergggiﬁea Iﬂ_nd(mLscgbsjcontroiled(mﬁﬂﬂragwI K.
chal | enge. ﬁgfho,g ?V|ng a positiye reaction (27/31) wer e includef
in the final dy B gti on.

| -1 antitrypsin 1 [1.7 (1.1-2.8) 0.5 (0.5-1.0)

| (mg/g)

;TNFea 0 (pg/g) 632 (126-1880) 709 (91-1131)

| rnF-a 1 (pa/g) 494 (147-1009) 3¢ (19-203)
15 [Supre E——— e m e e e w e = - - - - -~ — —— — ———- - = -—-

Example 3. Downregulation of cytokine production by

peripheral blood mononuclear cells in atopic children
20 3.a. Patients and methods

Altogether, 14 patients aged 5-29 (mean, 16) months who
fulfilled the Hanifin criteria for atopic dermatitis (Ha-
nifin, 1987) and eight age-matched non-atopic healthy
children were studied. None were receiving systemic

25 corticosteroids at the time of the study.

OKT3 (anti-CD3-antibody) containing ascites fluid was a
kind gift from Dr M. Kaartinen, Department of Bacteriolo-
gy and Immunology, University of Helsinki, Helsinki, Fin-
30 land. Bovine total casein had been purified from bovine
milk as described in Syvioja (1992). Purified casein was
hydrolysed with Lactobacillus GG-derived enzymes as
described in Example 1. Purifi 4 casein or Lactobacillus
GG-degraded casein were lyophilized and stored at room
35 temperature. Before experiments, they were diluted in
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(2 The patients were random zed to two groups for one nonth. One
~group (W, n=14) received extensively hydrol ysed whey formula (Valio

Lt'd, Hel sinki, Finland, EP-A-601802) and anot her group (W-GG n=13)

" received the sewgn7iops7rgul @ 5 w th additional Lactobacillus Gpchireismbsssi on
(5x10[err] cful/g) (supplied by Valio Ltd. Helsinki, Finland). After

t he one-nonth therapy with their assi gnedi¥ornul ae; both gr oups
recei ved an extensivel ¥ ?‘gdr ol ysed whey fornul a VaI [ o Lt d for one
e

addi tional nonth. TREM ﬁ?tmww@q@te@éﬂémt#am Q.1 llipore

m | k-specific | gE (Bébporbiotip@Bedford, MaRSTSA) ﬁuedepblﬁﬂi skin prick
tests were determ ned fromall patients before dietary intervention.
Prick tes- ting was done on the vol ar aspect of the forearm usi ngioa%

comrerci al |y avai | aPepiete nerkture meddumicrngisted of oRPML 1640;with
Labor atorium Hgr shebgtabesabs kgeriit] (195 mM mhabufferﬂlitﬁwmigmwml

deeper “penet rati on (Rt LER hecrtiilontees,  FATSTEYY' (ke 0 R Ibeliyirc"
mg per mlli- penbcium)(msm.vmmruo, VBALL |E1@9Mege§mm
after 15 m nutes, dagﬂna(ﬁﬁm%éﬁdfaﬂribﬁe ﬂ%hszﬁﬁbi‘tfdge, MIGAE ) i!x%f '
O TPe s, oo SePpglahSsal Vengih Shaom,£5,m33: 198 ORErsted, BoRR el
time O mm 10 taining 90 % lymphoid cells was isolated by FicollPaque
(Pharmacia Biotech, Uppsala, Sweden) gradient centrifuga-
tion and suspended at 1 x 10° cells/ml in complete culture
medium. Culture wells were precoated with anti-CD3 anti-
body containing ascites fluid at a pretested optimal di-
15 lution. The test culture additionally contained dilution
of casein or Lactobacillus GG-degraded casein at a final
concentration of 1 mg/ml. These experiments were repeated
for purified bovine a,-casein or Lactobacillus GG-degra-
ded a,-casein. After 24 h of incubation in a humidified 5
20 % CO, atmosphere at 37°C, supernatants were collected and
stored at -70°C for cytokine assays. IL-4 and IFN-y in
culture supernatants were determined by commercially
available ELISA kits according to manufacturers' instruc-
tions (IL-4: CLB, Compact Human Interleukin-4 ELISA kit,
25 Central Laboratory of The Netherlands Red Cross Blood
Transfusion Service, Amsterdam, The Netherlands; IFN-y.
EIFNG, Endogen Inc., Cambridge, MA, USA). The results
from different runs were egualized employing the compa-
rison of standard curves and were expressed as pg/ml. The
30 sensitivity of the assays for IL-4 was 2.3 pg/ml and for
IFN-v, 5 pg/ml. Wilcoxon signed-rank test was used in
statistical comparisons of the test cultures to the cont-
rol cultures. The level of significance was P < 0.05.



25 Faecal sanmples for the determnation of [err]-1 antitrypsin and
TNF-a were col |l ected before the commencenent of the managenent and 1

. (corresponding to the study period) and 2 months |ater. 30 The
severity of atopic dermatitis was scored according to t he SCORAD

met hod, est abl w@sotd t he European Task Force on At opi CpOeFI8eISH S
(1993). Briefly, the extent (score A) of the dermatitis was esti nated
using the rule of nines. The intensity (stBre B) of the dermatitis was
t he 35 sum of the individual scores (0-3) for erythema, oedenma

and/ or papul es, exc@-i bi-i Basult®henificati on and dryness. The

subj ective (score CinTatbpee!patiuifes, Sttt 1i~20nd IFNY prodifetibr e
bruri tus and sl eep FBSESAER (1 Sultures copraining purieied HHGH Hhen
SCORAD was obt ai ned camparefiete gentrol culituries,: PAr505008 @nd-P = 050087he
study protocol was pgpakedveYy!(¥id:! Hd,3).RRY 8Wch effect of bovine casein
was observed when degraded by enzymes of Lactobacillus
GG. Conversely, the IL-4 production in cultures con-
taining Lactobacillus GG-degraded casein was significant-
ly less than in control cultures, P = 0.003 (Fig. 3a),
10 and the IFN-y production in these cultures was comparable

to control cultures, P = 0.10 (Fig. 3b).

In healthy children, the production of IL-4 and IFN-y in
- cultures containing purified casein were comparable to

15 control cultures, P = 0.10 and P = 0.10 (Fig. 3c,d). In
parallel to the findings in atopic patients, healthy
children had significantly less IL-4 production in cultu-
res containing Lactobacillus GG-degraded casein than in
control cultures, P = 0.01 (Fig. 3c) and the IFN-yY pro-

20 duction in these cultures remained comparable to control
cultures, P = 0.50 (Fig. 3d). Parallel results were ob-
tained with a,-casein and Lactobacillus GG-degraded a,,-
casein (Fig. 4).



Comm ttee of Tanpere University Hospital. An inforned consent was

~obtained fromthe parents. 2. b. Determ nation of [err]-1
antitrypsin in faecal 10 speci nens Frozen faecal specinmens
. were thawed at room tenperature and honogeni zed. Approximately 1 g was
transferred toyiyopeersd! @ss tube and I yophilized. The resulti rpgraisemeese
mat eri al was ground and 50 ng transferred to an Eppendorf tube. 15
One m of 0.15 M NaC solution was added, and f®err]-1 anti- trypsin
was extracted by vigorous mxing in a Vortex m xer for 20 m nutes at
roomtenperature. The resulting suspensi on was centrifuged at 25,000 g

for 10 mnutes to Befefgﬁayg the debris, and the supernatant was used for
t he 20 determ nation of [err]-1 antitrypsin using a Behring BNA
nephel onet er accor dengopean heasianfdros woreEtopicsdemmatitis. Sewaxitshecor-

results are giveén aﬁ.ng‘gb §_atgpiwidgnmaritis: thpoBEPRADcindewcdprmatplogy

? C. I Det er ni nat 18R ®f1ﬂ$F2§?§¥i in faecal specinens Deep-frozen
aecal specinmens mere t hawed at 0 er ure..s ende :

(Wv) in phyS|oIog| g? eﬁﬁé)én | aigigi 08 T égd%a-

super nat ant , aﬁf"% °asgjf'?%}g%‘7 %?%i; tr pto-

centrifuged at c9§c650c5quﬁ S0 Y éﬁghen used

for the determ nati Eéggagggﬂ z&new81 JgMl FLOAASSR. GHuman
TNF-a ELISA Kit, %%ﬁéa E”GBQ (H&stemic %ﬁéhHﬁBt1§caif¥§sﬂ5ﬁ%ﬂ#aﬂ§ss
as instructed for S%rf%ak inteSPHSATEII561 dnfa gt 6FAL IR s@is ©f zdd gudinea
TNF-a. 35 15 pigs. Gastroenterology 1995, 109:53-62.
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14 - 2.d. Statistics By reason of the skewed di stri but i8msiegked
"~ serum | gE con- centﬂhpﬂuﬁdhs ic (In) transformation was used
and data are present h 95 % confidence inter- 5 val s
(Cl). The conc%mm,gns paraneters are g&;ﬂg Wi th
medi ans with | ower and upper quartr- | es. The WI coxon signed ran
test and the Mann- Wit ney U-test were usegpin statistical conparisons.
10 2. e. Resul ts 2.e.1. dinical data The nean (95 % Cl)
serumtotal |gE wasC3aimg5-61) kU'| in patients receiving the
hydr ol ysat e fornula RAST f or cows mlk was positive (>0.4 kU'l) in
10/ 31 (37 %9 15 agop e atients. Skin prick_test for cows m]lKk
was positive in 8/3 5 )Q-ﬁﬁ‘g?‘?grﬂ‘g‘ing B prﬁﬁgnsggg?}spsqﬁe Fozpula for

~dermatitis in each ﬁawacegubettmgehypersdmsitdntenceeammiaﬁstdna fra gEoRoLs
- and one nonth |%terd.n§09ut ifmudd (il S%ﬁ&r@ﬁih es%ﬁ%t ed in

. Figure 2. The nedian,_ (| ower quartlle upper -qua score
was 21(14-31) in group ®¥4 Sing  prosgjns W ‘FBLE’PWQ%JG’:’LWB@FB?% a bac-
g nanagenent (p-0. 33) teTlhslecpreparatiagmicompaising probiotic gastrointestinal

bacteria, especially Lactobacilli, which have adhesive
and colonizing characteristics and a protease enzyme sys-

.10 tem which are similar to those of the strain Lactobacil-
lus GG (ATCC 53103), and with pepsin and/or trypsin.

2.. The method as defined in claim 1 wherein the enzymes
are derived from a bacterial preparation comprising
15 Lactobacillus GG (ATCC 53103).

3. A method of making a protein hydrolysate formula for
downregulating hypersensitivity reactions and for promot-
ing gut immune barrier, comprising the steps of

20 hydrolysing proteins with pepsin and/or trypsin, and

adding to the hydrolysate a bacterial preparation

comprising probiotic gastrointestinal bacteria, especial-
ly Lactobacilli, which have adhesive and colonizing char-
acteristics and a protease enzyme system which are simi-

25 lar to those of the strain Lactobacillus GG (ATCC 53103).

4. The method as defined in claim 3 wherein the bacterial
preparation comprises Lactobacillus GG (ATCC 53103).

30 5. A protein hydrolysate formula for downregulating hy-
persensitivity reactions and for promoting gut immune
barrier, which hydrolysate is obtainable by the method as
defined in any one of claims 1 to 4.

35 6. A method of preventing or treating food-induced hyper-
sensitivity reactions in an infant, comprising

_
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I mprovenent of SCORAD score after one-mpnRth's interven- 25 tion in t\s ssé\&*

receiving Lactobacillus GG (p-0.008), but not in those receivin Replo
ext ensi vel y hydrol ysed fBh Has Been ut Lactobacillus GG (p=0.89). The
SCORAD score was t he group WF and 15 (7-28) in group
WF- GG Thaodrpbdgse | core in W-GG was due pbericbBossd
“reduction of the extent (score A p-0.004), intensity (score B,

p=0. 05) and subjective score (score C, p-0.01)21 for atopic dermatitis
(Figure 2). The inprovenent of "SCORAD score was achieved by 2 nonths
in the WF group, agrdnigtering vE-@s infardm@thad sknthenpredtainer

. cessation 35 of LRgdRbRfddtd Edemuldl adcBRAiAG  td erdamslisan (| over

" quartile-upper quartile) SCORAD score in group W was 14(2-38) and in
group Wr- GG 16( 6-25). WD 97/ 00078

PCT/ FI 96/ 00350 7. A method of treating cow's mill§ allergy? i:m 2 patiemt,
concentrations gf [E?ﬂri]ﬂfjgs idamiiistezidg L5 £54 'Jatient the proteifl faeces

In healthy controls upper quartile)

=9), the nedian (|l ower quartile-
concenfration of [elPY‘}‘?‘i]?m‘iec ﬁ?&?ﬁ‘ﬂawé@de Bcg%"di’(%.'@? A% g, The

concentration of [err]-1 antitrypsin was conpar abl e between groups W
anf V-GG before maga fﬁ’ék]tho of M h éalém&e dmnpm' e HeapbnsbiCto
: concentration of err -fant tryf)%lgngdecreas %ﬂs‘?gm |cante| fq’f‘ﬁ group
VWE- GG food antigens in a patient, comprising oral administra-
10 tion of the protein hydrolysate formula according to

claim 5.

9., A method of prevénting or treating food-induced hyper-
sensitivity reactions in an infant, comprising

15 administering to an infant at risk a protein hydrolys-
ate formula made according to claim 1 together with a
bacterial preparation comprising probiotic gastro-
intestinal bacterisa, especially Lactobacilli, which have
adhesive and colonizing characteristics and a protease

20 enzyme system which are similar to those of the strain
Lactobacillus GG (ATCC 53103).

10. A method of treating cow's milk allergy in a patient,
comprising .administering to the patient a protein hydro-
25 lysate formula together with a bacterial preparation com-
prising probiotic gastrointestinal bacteria, especially
Lactobacilli, which have adhesive and colonizing charac-
teristics and a protease enzyme system which are similar
to those of the strain Lactobacillius GG (ATCC 53103).
30 |
11. A method of promoting tolerogenic immune responses to
R food antigens in a patient, comprising oral administra-
tion of a bacterial preparation comprising probiotic
- gastrointestinal bacteria, especially Lactobacilli, which
35 have adhesive and colonizing characteristics and a prote-
ase enzyme system which are similar to those of the
strain Lactobacillus GG (ATCC 53103), or a protein

/
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(p=0.03), but not in group WF (p=0.68) during the one 10 nonth stud

period. At two nonths, the concentration of [err]-1 antitrypsin $§E&"
1.2 (0.5-1.6) in W and 0.5 (0.5-0.7) in W-GG The EPLACED
concentration of faecal TNF-[err] was 0 (0-0.08) pg/g in 15 healthy

controls. The @@¥gabg ati on of faecal TNF-[err] was Si gnpchinsdiobso

hi gher in atopic children, p<0.0001 (Table 1). The concentration of
TNF-[err] was conparabl e between the grozs W and WF- GG before

nmanagenment (p=0.57). The con- centration of faecal TNF-a decreased
significantly in V\FhYQ¥)°1YQ§‘;F% pkermd® tpgether vithwa (hasrerdplipreparafion

one nonth st Ud&mﬁﬁfj.ﬁ:lhé Wﬁd&te gaéeﬂusﬁte@tmhﬂ Wactek98( c8Ep6cial~

hi d by,
wer Bl o gl ven t el EERERt IV, SR pafl binkded Wl congelfaily Hld-

Lact obaci | | us GG a sekerigtier ajmn:eﬁeerenmemssw ahdeh argesimi-
concentrati on of TNfategs]tiGse (d¥e e’ stfain Lactodad@1ius %6 FAPcd443103).

(20-338) in W-GG WO 97/ 00078

PCT/ FI 96/ 00350 16 Table 1. The
concentrations of fa2¢cafh¢anethdd sadoordipgi hoaany one di\iclaimef 8rto 11
management (9) and GHE-gP!th Beledr'ih1' Breparatibd boind:5ds" 188 tobaci1lus
exten5|vely hydrolyse

(ATCg 53103).
10

——

eet Has Been Replaced

T
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(WF) or the sane formula containing Lactobacillus GG 5 bacteria (WP-GQ).
Dat a-denote nedian (Il ower quartile- upper quartile).

WF WF- GG [err]-1 antitrypsin O 1.7 (1.5-2.3)

11’4 (0.5-1.9) 10 (rmg/ Q) [err]-1 antitrypsin | 1.7 (1.1-2.8)

0.5 (0.5-1.0) wooroo¢8U/ Q) TNF-a 0 (pg/9Q) 632 (126PCEBED¥00350 709
+ (91-1131) TNF-'a | (pg/ Q) 494 (147-1009) 34 (19-103) 15
Exanpl e 3. Downregul ati on of cytokine product§/gn by peri pheral bl ood
nmononucl ear cells in atopic children 20 3.a. Patients and net hods

Al toget her, 14 patients aged 5-29 (nmean, 16) nonths who fulfilled the
Hanifin criteria for atopic dermatitis (Ha- nifin, 1987) and ei ght

age- mat ched non- at opi ¢ heal t hy children were studi ed. None were
receiving systemc 25 corticosteroids at the time of the study.

OKT3 (&nti-CD3-anti body) containing ascites fluid was a kind gift
Dr M Kaartinen, Departnent of Bacteriol b- y and | nmunol ogy,

- University of Helsinki, Helsi r(@' NI @ d°a Bovi ne total casein
. been purified frombovine (1

: B &
. |
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m |k as described in Syvaoja (1992). Purified casein was hydr ol ysed
wi th- .Lactobacillus GG derived enzynes as descri bed in Exanple 1.
Purifi d casein or Lactobacillus GG degraded casein were |yophilized
~and stored at room 35 tenperature. Before experinents, they were diluted
in WO 3
- PCT/ FI 96/ 00350 W bl 17 RPMPCfg?gogﬁ%
~filter sterilization (0.1 [err]m MIlipore corporation, Bedford, MA
- USA) was appli ed. Compl ete culture med®/&n consi sted of RPM 1640
with 10 % 5 foetal calf serum 10 mM Hepes buffer, 2 nmML-glutamn
. (G bco Life Technol ogi es, Paisley, UK), 50 Um benzyl- penicillin
~(Sigma, St. Louis, MO USA), 10 ng/m gentany- cin (Roussel
- Laboratories Ltd, Uxbridge, M ddlesex, UK). Peri pheral venous
. m) was obtained. PBMC con- 10 taining 90 % | ynphoid cells was oS
" by Ficol | Pague (Pharmaci a Bi otech, Uppsal a, Sweden) gradi ent
- centrifuga- tion and suspended at 1 x 10[err] cells/m in co
cculture medium Culture wells were precoat with anti-CD3 ant?
- body containing ascites fluid at a prefgsted mal di- 15 mI&ti 4
test culture ad@ti o@l |y contained dQut ion of casein gg «
. Lact obaci | | us GG degraded casein at a final <

0
> . ©
. ¢ I 3

m'
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concentration of 1 ng/m . These experinents were repeated for purified
bovine [er]r-casein or Lactobacillus GG degra- ded [err]-casein. After
24 h of incubation in a humdified 5 20 * CJerr] atnosphere at 37[err]C,
supernatants were coll ected and stored at -70[err]C for cytokine
assays. IL-4 a%;,,}é@by in cul ture supernatants were det epiiiocoodsd
commercially al'l abl e ELI SA kits according to manufacturers' instruc-
. tions (IL-4: CLB, Conpact Human Interleukin-4 ELISA kit, 25 Centr al

. Laboratory of The Netherlands Red Cross Bl oo Transf usi on Servi ce,

~ Arsterdam The Netherlands; |FNy. El FN /5Endogen Inc., Canbridge, MA
- USA). The results fromdifferent runs were equalized enpl oying the
conpa- rison of standard curves and were expressed as pg/m. The 30
- sensitivity of the assays for IL-4 was 2.3 pg/nm and for |FN-[err], 5
- pg/m.-WIcoxon signed-rank test was used in statistical conparisons
- of the test cultures to the cont- rol cultures. The | evel of
- significance was P < 0. 05. WD 97/ 00078
PCT/ FI 96/ 00350 3. b. Results In atopic patients, both IL-4 and
| FN[ err] production were increased in cultures containing purified
casei n when conpared to contrqQl _gultures, P = 008 and P - !5
- respectively (Fig. 3a,b). No such CT of bovine B&S?In -
o o o
- S yr-a o :6> g o o
8 >~ - 10 %) 2 w © w ﬁ >~ 0
-0
Q
=
(@] o,
=
r——— e
Q B = S & -
< ©n ='S) o
o o o
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was observed when degraded by enzymes of Lactobacillus GG Conversely,

the I.L-4 production in cultures con- tai ni ng Lactobacillus GG degraded
casein was significant- ly less than in control cultures, P = 0.003
(Fig. 3a), 10 and the IFN-[err] production in these cultures was
conpar abl e trol cultures, P - 0.10 (Fig. 3b). PCT/Fbs06E L hY
children, the gﬁ%gﬁc Ton of IL-4 and IFN-y in cul tures contgﬂﬁing
purified casein were conparable to 15 control cultures, P =0.10 and P -
0.10 (Fig. 3c,d). In parallel to the finﬁkggs in.atopic patients,
heal t hy children had significantly |ess ¥4 production in cultu-
res containing Lactobacillus GG degraded casein than in control
cultures, P - 0.01 (Fig. 3c) and the IFN-y pro- 20 duction in these
cul tures remai ned conparable to control cultures, P =0.50 (Fig. 3d).
Parall el results were ob- tained wwth [err]-casein and Lactobacill us
GG degraded [err] - casein (Fig. 4). WO 97/ 00078
PCT/ FI 96/ 00350 19 Ref er ences
IL-4 IFN-y IL-4 IFN-y
(pg/mi) (pg/mi) (pg/mi) (pg/mi)
100; 1000, 100, 1000,
] ] ]
d -
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J T -y «
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] ] ]
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Figure 3
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Sutas Y, Soppi E, Korhonen H, Syvaoja EL, Saxelin M 40  Rokka Ik#k&&& uri

. E. Suppression of |ynphocyte prolifer- ation in vitro by bovi
casei ns hydrolyzed with Lacto- baci |l us casei GG derived enzynes. b“¥r
Allergy din | munol 1996, in press. 45 Syvaoja EL. Quantitative
determ nation of the main casein co?Bonents and purification of [err]-
and K-casein from bov- I ne mlK. chw ssenschaft 1992; 47:563-566
20 G A/HE 1. A nethod of nmaking a protein hydrol ysate
formula for downr egul ati ng hypersensitivity reactions and for
pr onot - 5 I ng gut inmmune barrier, conprising the steps of
hydr al ysi ng proxe:héﬁhmtafeﬁaxﬂﬁa erh:\f&élhr a%%oﬁ%ate formullLdc¥

rqi nt estinal bacteri a,

preparation ¢ $€5|S|£g rob|0t|c

especi al |y LORBEPHRF nghh@ﬁeﬁ§9éséﬁﬂ¥§tVereaCtionSaQEQNﬁQﬁnRﬁQR?t‘

- charactesi stisg gud ﬁm@ﬁﬂéeaaereazyWEO&p&1s1ng1Qheteméw@ Of are snn1lar to

- those of the str, ct %E é TéI:? 83% and

~ pepsin and/ or tﬁy%)réii fkg prOteﬁpsTﬂ%t THEHTSR 9BFH ﬁ°8I3|

- wherein the tezjabspreparation comprising probiotic gastr01ntestinal
bacteria, especially Lactobacilli, which have adhesive
and colonizing characteristics and a protease enzyme sys-

10 tem which are similar to those of the strain Lactobacil-

lus GG (ATCC 53103), and with pepsin and/or trypsin.

c

2.. The method as defined in claim 1 wherein the enzymes
are. derived from a bacterial preparation comprising
15 ILactobacillus GG (ATCC 53103). |

3..A method of making a protein hydrolysate formula for
downregulating hypersensitivity reactions and for promot-
ing gut immune barrier, comprising the steps of
20 hydrolysing proteins with pepsin and/or trypéin, and
~adding to the hydrolysafe a bacterial preparation
comprising probiotic gastrointestinal bacteria, especial-
ly Lactobacilli, which have adhesive and colonizing char-
acteristics and a protease enzyme system which are simi-
\/ 25 lar to those of the strain Lactobacillus GG (ATCC 53103).

4..The method as defined in claim 3 wherein the bacterial

preparation comprises Lactobacillus GG (ATCC 53103).

30 5. A protein hydrolysate formula for downregulating hy-
.~ persensitivity reactions and for promoting gut immune
barrier, which hydrolysate is obtainable by the method as
defined in any one of claims 1 to 4.
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are derived froma bacterial preparation conprising 15 Lactobac«{lus gg
- ( ATCC 53103) . 3. A nethod of making a protein hydrol ysate ‘@F

for downregul ating hypersensitivity reactions and for prondt-  a\ee\e
‘ing gut inmmune barrier, conprising the st.pps of 20 hydr ol ysi ng
;proteins with pepsin and/or trypsin, and adding to the

~hydrol ysate a bacterial preparation conprising probiotic
~gastrointestinal "bacteria, especial- |y Lactobacilli, which have

- adhesi ve and col oni zi ng char - acteristics and a protease enzyne
"system which are sim- 25 lar to those of the strain Lactobacillus GG

. (ATCC 53103) . g, Use of a protdin W&d@a‘f@%rﬂ%ﬁe&dcaﬂﬂn# %?%i?%@]%‘é“;‘he

.bacteri al preparation conprises Lactobaci

130 5. A profasturehgtia dograiador prenaniingosr weakng: faaidadndupedyhypersensitivity

. persensitivi tg rzacti.ons and .for pronoting gut immne barrier,
~whi ch hydroly %ﬁc 'ofs W istLifRbt e by the nethod as defined in any
‘one of clains 1 to 4.

. REPLACEMENT SHEET . 21
7. Use of a protein hydrolysate formula according to claim 5 for the manu-

facture of a formula for treating cow's milk allergy in a patient.

8. Use of a protein hydrolysate formula according to claim 5 for the manu-
(\/ facture of a formula to be- administered orally for promoting tolerogenic
immune responses to food antigens in a patient.

9. Use of a protein hydrolysate formula together

with a bacterial preparation comprising brobiotic gastrointestinal bacteria,
especially Lactobacilli, which have adhesive and colonizing characteristics
and a protease enzyme system which are similar to those of the strain
Lactobacillus GG (ATCC 53103) for the manufacture of a formula for
preventing or treating food-induced hypersensitivity reactions in an infant.

10. Use of a protein hydrolysate formula together with a bacterial preparati-
b on comprising probiotic gastrointestinal bacteria, especially Lactobacilli,
which have adhesive and colonizing characteristics and a protease enzyme
system which are similar to those of the strain Lactobacilius GG (ATCC
53103) for the manufacture of a formula for treating cow's milk allergy in a

patient.

11. Use of a bacterial preparation comprising probiotic gastrointestinal bac-
teria, especially Lactobacilli, which have adhesive and colonizing characte—
ristics and a protease enzyme system which are similar to those of the
strain Lactobacillus GG (AT|CC 53103), or a protein hydrolysate formula

* C L N S *



6. Use-of a protein hydrolysate fornmula according to claim5 for the m@QMk
factr'ure of a fornula for preventing or treating food-induced Eweny
“hypersensitivity reactions in an infant. 7. Use of a protein hydrolysaﬁbﬁﬁg
|fornmul a according to claim5 for the manu- facture of a formula for

‘treating cows mlk allergy in a patient. 8. Use of a protein hydrol ysate
iformula according to claim5 for the manu- facture of a forrmula to be

ladm nistered orally for pronoting tol erogenic i mune responses to food

fantigens in a patient. 9. Use of a protein hydrol ysate formul a together
‘Wi th a bacterial preparation conprising 22obiotic gastrointestinal
bacteria, especially Lactobacilli, which have adhesive and col oni zi ng

characteristics and a protease enzyne systemwhich are simlar to those of
the strain kegetbenwithabacierighpapastios romprisingprabieliaeastreintastiaal or nul a

| oot bl 5B PR AR AR bl
bacterial pgersits anda pRotRESS dHzyAeOSystbtwiRBt 4@l Sheisl todhodnef tid 2
especially Lactobacilli, which have adhesi ve and col oni zi ng characteristics

and a pr ot estsinehagiobaci/us & NTEHC §3403) fan the manuiashre st a frmuladon

coul o mi 1 k& HTOEPYS0 HLOGEHE Imrlind 3pBTRES 357 148f aBiafhe I Fiiflenky o °™' ' "

conprising probiotic gastrointestinal bac-

12, The use according to any one of claims 9 to 11 wherein the bacterial
\/ preparation comprises Lactobacillus GG (ATCC 53108).
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ol
tetia, especi al Iy Lactobacilli, which have adhesive and col oni zi ngc 305833 - 9
characte- ristics and a protease enzyne systemwhich are simlar to thgggw
of*the strain Lactobacillus GG (ATCC 53103), or a protein hydrol ysate CoPY
f 6F nul a 22 togeigam Wth a
' bacterial preparation conprising probiotic gast roi ntesti nal bac (g

~especially LactobdPTTF ., which WMN’E%% RO GROANIANION ng Char g &
acteristics and a rotease enz stem |c re sim | ar t
etrain Lact GHIERNATIONAR APEHIGATIGN FUBLIS e Pk TR RN B

~ pronotin (mmmmmtmnmoﬁésponses to f(ﬂmteﬁﬂfohagm&aﬂoﬂNﬁnbﬁlﬁtlentWO 910078
The use ECCOAQWIQAWM A28t o2, ns| A1fo 11 wherein the bacterial
prepar at ijon egpri ses Lact obaci || us GF ( A]€4) W%rpfioyal Publication Date: - 3 January 1997 (03.01.97)
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(54) Tile: METHODS OF PREVENTING OR TREATING ALLERGIES
(57) Abstract

The present invention relates to methods and means of suppressing food-induced hypersensitivity reactions in patients suffering from
food allergy. Pmucularly the invention provides methods of making a protein hydrolysate formula for dowmgulanng hypersensmvxty
reactions and for promotmg gut immune barrier, and methods of preventing or treating allergies, especiaily cow’s milk allergy in infants
by fortifying the cow's milk elimination diet with suitable probiotic bacteriz derived from gastrointestinal tract, especially Lactobacilli,
In addition, admmwmgﬁagnenwofmﬂlergenmodlﬁedbygamhmmﬂbmwmhmmempmsembe"mmedaround"from
sensitization to systemic hyporesponsiveness. A preferable bacterium to be used in this invention is Lactobacillus GG (ATCC 53103).




