
USE OF LGG IN THE MANUFACTURE OF A MEDICAMENT FOR THE
PREVENTION OR TREATMENT OF RESPIRATORY ALLERGIES
CROSS-REFERENCE TO RELATED PATENTS AND PATENT  5
APPLICATIONS  [0001] ' This application is a
continuation application and claims the  priority
benefit of U.S. Patent Application Serial No.
11/106,792, filed April  15, 2005, which is
incorporated by reference herein in its entirety.
BACKGROUND OF THE INVENTION  10 (1) Field of the
Invention [0002] - The present invention relates
generally to a use of LGG in the  manufacture of a
medicament for the prevention or treatment of
respiratory  allergies. (2) Description of the Related
Art 15 [0003] Allergy is defined as an "abnormal
hypersensitivity to a  substance which is normally
tolerated and generally considered harmless."  The
symptoms of allergies can range from a runny nose to
anaphylactic  shock. Nearly 50 million Americans
suffer from allergic disease, and the  incidence of
these illnesses is increasing. 20 [0004] There are two
basic phases involved with the allergic response.  The
first stage involves the development of the early
phase of an  immediate-type hypersensitivity response
to allergens. The first time an  allergen meets the
immune system, no allergic reaction occurs. Instead,
the immune system prepares itself for future
encounters with the allergen. 25 Macrophages, which
are scavenger cells, surround and break up the
invading allergen. The macrophages then display the
allergen fragments  on their cell walls to T
lymphocytes, which are the main orchestraters of  the
body's immune reaction. [0005] This cognitive signal
plus several non-cognitive signals (e.g.  30
cytokines) activate the naive T-cells and Instruct the
T-cell differentiation  into T-cell effector
subpopulations. The key players in the allergic
cascade 



1 are T-cells of the Th-2 phenotype (TH-2). TH-2 type
T-cells are  characterized by the secretion of several
cytokines including interleukin-4  (IL-4), IL-5 and
IL-13. The cytokines IL-4 and IL-13 then activate B
lymphocytes which produce antibodies of the subclass E
(IgE). IgE 5 antibodies are directed against the
particular allergen. The interaction of  specific IgE
antibodies on the surface of effector cells (mast
cells and  basophils) with an allergen triggers the
early phase of immediate type  hypersensitivity
responses. [0006] This mast cell activation usually
occurs within minutes after the  10 second exposure to
an allergen. IgE antibodies on mast cells, constructed
during the sensitization phase, recognize the allergen
and bind to the invader. Once the allergen is bound to
the receptor, granules in the mast  cells release
their contents. These contents, or mediators, are
proinflammatory substances such as histamine,
platelet-activating factor, 15 prostaglandins,
cytokines and leukotrienes. These mediators actually
trigger the allergy attack. Histamine stimulates mucus
production and  causes redness, swelling, and
inflammation. Prostaglandins constrict  airways and
enlarge blood vessels. [0007] The second phase of the
allergic immune response is 20 characterized by
infiltration of inflammatory cells, such as
eosinophils, into  the airways after an allergen
exposure. An important linkage between  sensitization
and inflammation is represented by T-cells that
secrete  mediators not only involved in IgE synthesis,
but also responsible for  eosinophil recruitment,
activation and survival. The tissue mast cells and 25
neighboring cells produce chemical messengers that
signal circulating  basophils, eosinophils, and other
cells to migrate into that tissue and help  fight the
foreign material. Eosinophils secrete chemicals of
their own that  sustain inflammation, cause tissue
damage, and recruit yet more immune  cells. This phase
can occur anywhere between several hours and several 



30. days after the allergen exposure and can last for
hours and even days.  2 II  [0008] Respiratory allergy
is a particular type of allergy that affects the
respiratory tract. The lining of the airway from the
nose to the lungs is  similar in structure and is
often similarly affected by the allergic process.
Therefore, an allergen that affects the nose or sinus
also could affect the  5 lungs. [0009] For example,
allergic rhinitis, also known as hay fever, is  caused
by allergic reactions of the mucous membranes in the
nose and  airway to allergens in the air. Symptoms of
allergic rhinitis often include  itchy nose, throat
and eyes and excessive sneezing. Stuffy or runny nose
10 often follow. [00010] As allergens in one area of
the respiratory tract can affect other  areas of the
respiratory tract, rhinitis in the nasal passages can
lead to  asthma, which is a much more serious illness
that occurs in the lungs.  Asthma is characterized by
development of airway hyperreactivity, 15
breathlessness, wheezing on exhale, dry cough and a
feeling of tightness  in the chest. Repeated allergen
exposure can sustain the inflammatory  immune response
in the airways, resulting in a remodeling of the
airways,  commonly known as chronic asthma. Not
everyone with allergic rhinits will  develop asthma
symptoms, but a significant number, especially those
with 20 recurring, untreated allergies, will show lung
inflammation changes. About  forty percent of people
with allergic rhinitis will actually develop
full-blown  asthma. [00011] If the nasal Inflammation
that accompanies allergic rhinitis  reaches the
sinuses, the result can be an uncomfortable infection
called  25 sinusitis, or rhino-sinusitis, in which the
sinuses cannot empty themselves of bacteria. Symptoms
include nasal congestion, runny nose, sore throat,
fever, headache, fatigue and cough, as well as pain in
the forehead,  



behind the cheeks, and even aching teeth and jaw.
[00012] Respiratory allergies are one of the most
common afflictions of  30 childhood. As with adults,
respiratory allergies in children are most likely  to
appear in the form of allergic rhinitis and asthma. 3
[00013] The prevention of respiratory allergies is
especially important in  infants. and young children,
as it appears that early allergic sensitization to
allergens is associated with a delay in the maturation
of normal immune  responses. Additionally, allergic
sensitization is generally considered the 5 first step
in developing atopic disease. Baena-Cagnani, Role of
Food  Allergy in Asthma in Childhood, Allergy. Clin.
Immun. 1(2):145-149 (2001).  Frequently, asthma that
begins early in life is associated with atopy, thus
early allergic sensitization seems to play an
important role in persistent  asthma as well.
Martinez, F., Development of Wheezing Disorders and 10
Asthma in Preschool Children, Pediatr. 109:362-367
(2002).  [00014] Not only is there a strong
association between allergic  sensitization and
asthma, but the association appears to be age-
dependent. Although few children become allergen
sensitized during the first few years of life, the
great majority of those who do become sensitized  15
during this period develop asthma-like symptoms later
in life. Martinez, F.,  Viruses and Atopic
Sensitization in the First Years of Life, Am. J.
Respir.  Crit. Care Med., 162:S95-S99 (2000). Thus, it
is important to find ways to  prevent early allergen
sensitization and prevent respiratory allergies later
in life. 20 [00015] There is increasing evidence that
many aspects of health and  disease are determined not
only during infancy, but also during pregnancy.  This
is especially true with allergic disease, where immune
responses at  birth implicate intrauterine exposure as
a primary sensitization event. For  example,
allergen-specific T-cells are already present at birth
and early 25 sensitization to food allergens are
identified as predictors for later  



development of respiratory allergies. llli, et al.,
The Natural Course of  Atopic Dermatitis from Birth to
Age 7 Years and the Association with  Asthma, Clin.
Exp. Allergy 27:28-35 (1997). In addition, lung
development  begins very early after fertilization and
continues for at least two or three 30 years after
birth. Thus, both prenatal and postnatal airway
development  4 are important in the pathogenesis of
respiratory allergy in infants and  children. [00016]
It has also been shown that the human fetus develops
IgE- producing B cells early in gestation and is
capable of producing IgE 5 antibodies in response to
appropriate antigenic stimuli in a manner  analogous
to the well-recognized IgM responses that are observed
in  various prenatal infections. Weil, G., et at,
Prenatal Allergic Sensitization  to Helminth Antigens
in Offspring of Parasite-Infected Mothers, J. Clin.
invest. 71:1124-1129 (1983). This also illustrates the
importance of 10 preventing both prenatal and
postnatal allergic sensitization to respiratory
allergens. [00017] Traditional medications for
respiratory allergies include  antihistamines, topical
nasal steroids, decongestants, and cromolyn  solution.
As an alternative to traditional medications,
probiotics have 15 emerged as possible treatments for
certain types of allergies. [00018] Probiotic bacteria
are living microorganisms that exert beneficial
effects on the health of the host. Lactobacillus spp.
and Bifidobacterium  spp., which are normal
inhabitants of the healthy intestine, are common
species of problotics. Unfortunately, there are very
few published studies 20 on the clinical effects of
probiotic supplementation in infants. Agostoni, C.,
et al., Probiotic Bacteria in Dietetic Products for
Infants: A Commentary by  the ESPGHAN Committee on
Nutrition, J. Pediatr. Gastro. Nutr. 38:365-74
(2004). [00019] U.S. Patent App. No. 20040208863 to
Versalovic, et al. Is  



25 directed to a compound which has anti-inflammatory
activity and Is  secreted from lactic acid bacteria.
The application describes the use of  Lactobacillus GG
(LGG) to inhibit pro-inflammatory cytokine production.
The reference however, focuses on adult models and
does not disclose or  suggest that the administration
of LGG during pregnancy or infancy would  30 be
beneficial. 5 [00020] U.S. Patent No. 6,506,380 to
Isolauri, et al., describes a method  of suppressing
food-induced hypersensitivity reactions in patients
suffering  from food allergy by administering to them
a probiotic. The reference does  not, however,
disclose the use of probiotics to treat respiratory
allergies. 5 Additionally, although the patent does
discuss the treatment of infants with  probiotics, it
does not disclose the importance of treating both pre-
and  postnatally. [00021] Several studies have focused
on the pre- and postnatal  administration of
probiotics to prevent certain allergies in infants and
10 children. For example, one study concludes that
probiotics, administered  during pregnancy and
breast-feeding, might confer protection from atopic
eczema for the infant. Rautava, S, et al., Probiotics
During Pregnancy and  Breast-Feeding Might Confer
Immunomodulatory Protection Against  Atopic Disease in
the Infant, J. Allergy Clin. Immunol. 109:119-121
(2002). 15 While the study found that fewer infants in
the probiotic group developed  atopic eczema than did
the placebo group, the study concluded that the
administration of probiotics had "no effect on the
traditional objective  correlates of atopy and atopic
disease (i.e., skin prick test results and  serum IgE
antibodies)." Thus, because the traditional markers of
atopy 20 were unaffected by the probiotic
supplementation, it must be assumed that  the
probiotic administration was effective only for atopic
eczema and not  for all allergies. [00022] Similarly,
a 2001 study concluded that probiotics can prevent  



atopic eczema, but that "concentration of total IgE
and frequencies of 25 increased antigen-specific IgE
concentrations and of positive reactions in
skin-prick tests were very similar between probiotic
and placebo groups."  Kalliomaki, M., Probiotics in
Primary Prevention of Atopic Disease: a  Randomised
Placebo-Controlled Trial, Lancet 357:1076-79 (2001).
Again,  these results suggest that the probiotic
administration, while effective for 30 atopic eczema,
would not necessarily be effective for other types of
allergies. 6 SUMMARY OF THE INVENTION [00023] Briefly,
the present invention is directed to novel use of LGG
in  the manufacture of a medicament for preventing or
treating the  development of respiratory allergies in
a subject. 5 [00024] The present invention is also
directed to a novel use of LGG in  the manufacture of
a medicament for the prevention or treatment of
respiratory allergies in a subject. [00025] In another
aspect the present invention is directed to a novel
use of LGG in the manufacture of a medicament for
preventing or treating  10 the release of one or more
pro-inflammatory cytokines in a subject. [00026]
Additionally, the present invention is directed to a
novel use of  LGG in the manufacture of a medicament
for preventing or treating the  production of serum
IgE antibodies in a subject. [00027] The present
invention is also directed to a novel use of LGG in
15 the manufacture of a medicament for increasing the
production of serum  IgA antibodies in a subject.
[00028] Among the several advantages found to be
achieved by the  present invention, is that the
subject is benefited by the reduction or  prevention
of allergy-induced inflammation of the lung or
airways, including 20 a reduction in airway tissue
inflammation and airway lumen inflammation.  The
invention also provides a decrease in mucus production
and a  



widening of the airways. The invention also provides a
reduction or  prevention in the release of
pro-inflammatory cytokines and serum IgE  antibodies
as well as an increase in the production of serum IgA.
These 25 benefits were surprising and unexpected, as
similar studies provided  contrary results. 7 BRIEF
DESCRIPTION OF THE DRAWINGS [00029] For a more
complete understanding of the present invention,
reference is now made to the following descriptions
taken in conjunction  with the accompanying drawings.
5 [00030] Figure 1 illustrates the protocol utilized
during the present  invention. [00031] Figure 2
illustrates the detection of LGG in the feces of LGG-
treated mice versus control. [00032] Figure 3
illustrates the bacteria in the feces of LGG-treated
10 mice versus control. [00033] Figure 4 illustrates
the effect of LGG on serum anti-OVA-IgE,  serum
anti-OVA-IgG1, and serum anti-OVA-IgG2a. [00034]
Figure 5 illustrates the effect of LGG on the levels
of serum IgA  antibodies. 15 [00035] Figure 6
illustrates the effect of LGG on various pro-
inflammatory cytokines, IFN-y (Fig. A), MCP-1 (Fig.
B), IL-10 (Fig. C), and  IL-6 (Fig. D) in
OVA-sensitized infants. [00036] Figure 7 illustrates
the effect of LGG on the distribution of  mononuclear
cells in allergic airways. 20 [00037] Figure 8
illustrates the suppression of cow's milk specific
antibody production. [00038] Figure 9 illustrates the
assessment of immunological effector  function of
cow's milk specific antibodies by passive cutaneous
anaphylaxis test and mast cell protease-1 release
assay. 



25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00039] Reference now will be made in detail to the
embodiments of the  invention, one or more examples of
which are set forth below. Each  example is provided
by way of explanation of the Invention, not a
limitation  of the invention. In fact, it will be
apparent to those skilled in the art that 30 various
modifications and variations can be made in the
present invention  without departing from the scope or
spirit of the invention. For instance, 8 features
illustrated or described as part of one embodiment,
can be used  on another embodiment to yield a still
further embodiment. [00040] Thus, it Is intended that
the present invention covers such  modifications and
variations as come within the scope of the appended  5
claims and their equivalents. Other objects, features
and aspects of the present invention are disclosed in
or are obvious from the following  detailed
description. It is to be understood by one of ordinary
skill in the  art that the present discussion is a
description of exemplary embodiments  only, and is not
intended as limiting the broader aspects of the
present 10 invention. Definitions  [00041] The term
"probiotic" means a microorganism that exerts
beneficial effects on the health of the host. [00042]
The term "prebiotic", as used herein, means a
non-digestible  15 food ingredient that stimulates the
growth and/or activity of probiotics.  [00043] The
term "subject" means any mammal, preferably a human.
[00044] As used herein, the term "treating" means
ameliorating,  improving or remedying a disease,
disorder, or symptom of a disease or  condition. 20
[00045] The term "preventing" means to stop or hinder
a disease,  disorder, or symptom of a disease or
condition through some action.  [00046] The terms
"therapeutically effective amount" refer to an amount 



that results in an improvement or remediation of the
disease, disorder, or  symptoms of the disease or
condition. 25 [00047] The terms "prenatal
administration" or "prenatally administering"  mean
any administration to the pregnant mother of an unborn
subject.  [00048] The terms "postnatal administration"
or "postnatally  administering" mean any
administration to a subject from the time of birth
until about 1 year of life. 30 [00049] As used herein,
the term "infant formula" means a composition  that
satisfies the nutrient requirements of an infant by
being a substitute for  9 human milk. In the United
States, the contents of an infant formula are
dictated by the federal regulations set forth at 21
C.F.R. Sections 100,  106, and 107. These regulations
define macronutrient, vitamin, mineral,  and other
ingredient levels in an effort to stimulate the
nutritional and other  5 properties of human breast
milk. Invention  [00050] In accordance with the
present invention, a novel use of LGG in  the
manufacture of a medicament for preventing or treating
the  development of respiratory allergies in a subject
has been discovered. 10 According to the invention,
the prenatal and/or postnatal administration of  LGG
to a subject while unborn and during infancy can
prevent or treat the  development of respiratory
allergies later in life. [00051] LGG is a probiotic
strain isolated from healthy human intestinal  flora.
It was disclosed in U.S. Patent No. 5,032,399 to
Gorbach, et al., 15 which is herein incorporated In
its entirety, by reference thereto. LGG is  resistant
to most antibiotics, stable in the presence of acid
and bile, and  attaches avidly to mucosal cells of the
human intestinal tract. It survives  for 1-3 days in
most individuals and up to 7 days in 30% of subjects.
In  addition to its colonization ability, LGG also
beneficially affects mucosal 20 immune responses. LGG
is deposited with the depository authority  



American Type Culture Collection under accession
number ATCC 53103.  [00052] In the use of the
invention, a therapeutically effective amount of  LGG
may correspond to between about 1x104 and 1x1012
cfu/Ukg/day. In  another embodiment, the present
invention comprises the administration  25 of between
about 1x106 and 1x109 cfu/L/kg/day LGG. In yet another
embodiment, the present invention comprises the
administration of about  1x108 cfu/L/kg/day LGG.
[00053] The form of administration of LGG in the use
of the invention is  not critical, as long as a
therapeutically effective amount is administered.  30
For prenatal administration, the LGG can be
administered to the pregnant mother of the unborn
subject and can thereby be imparted to the unborn  10
subject. The prenatal administration can be
administered to the mother in  the form of a
supplement. For example, the LGG can be ingested in
the  form of a pill, tablet, capsule, caplet, powder,
liquid or gel. In this  embodiment of the use, an LGG
supplement can be ingested in 5 combination with other
nutrient supplements, such as vitamins. [00054] In
another embodiment, the prenatally administered LGG
can  be encapsulated in a sugar, fat, or
polysaccharide matrix to further  increase the
probability of bacterial survival. Compositions of the
present  invention can also be provided in a form
suitable for consumption selected 10 from the group
consisting of beverage, milk, yogurt, fruit juice,
fruit-based  drink, chewable tablet, cookie, cracker,
or a combination thereof. [00055] If, during the first
year of life, the subject is breast-fed, the
postnatal administration of LGG can be via the
mother's breast milk. In  this embodiment, the mother
can continue LGG supplementation during 15 the time
period that she breast-feeds, thereby transferring an
effective  amount of LGG to her baby via breast milk.
[00056] If, during the first year of life, the subject
is formula-fed, or if the  mother supplements
breast-feeding with formula-feeding, the LGG can be  



supplemented into infant formula which is then fed to
the subject. This, 20 too, is a use for postnatal
administration of the LGG. [00057] In an embodiment,
the infant formula for use In the present  invention
is nutritionally complete and contains suitable types
and amounts  of lipid, carbohydrate, protein, vitamins
and minerals. The amount of lipid  or fat typically
can vary from about 3 to about 7 g/100 kcal. The
amount of 25 protein typically can vary from about 1
to about 5 g/100 kcal. The amount  of carbohydrate
typically can vary from about 8 to about 12 g/100
kcal.  Protein sources can be any used in the art,
e.g., nonfat milk, whey protein,  casein, soy protein,
hydrolyzed protein, amino acids, and the like.
Carbohydrate sources can be any used in the art, e.g.,
lactose, glucose, 30 corn syrup solids, maltodextrins,
sucrose, starch, rice syrup solids, and the  like.
Lipid sources can be any used in the art, e.g.,
vegetable oils such as  11 palm oil, soybean oil,
palmolein, coconut oil, medium chain triglyceride oil,
high oleic sunflower oil, high oleic safflower oil,
and the like. [00058] Conveniently, commercially
available infant formula can be  used. For example,
Enfamil(r), Enfamil(r) Premature Formula, Enfamil(r)
5 with Iron, Lactofree(r), Nutramigen(r),
Pregestimil(r), and ProSobee(r) (available from Mead
Johnson & Company, Evansville, IN, U.S.A.) may be
supplemented with suitable levels of LGG and used in
practice of the use  of the invention. [00059] As an
alternative to an infant formula, the postnatally 10
administered LGG can be administered as a supplement
not integral to the  formula feeding. For example, LGG
can be ingested in the form of a pill,  tablet,
capsule, caplet, powder, liquid or gel. In this
embodiment of the  .use, an LGG supplement can be
ingested in combination with other  nutrient
supplements, such as vitamins. 15 [00060] In another
embodiment, the LGG is encapsulated in a sugar,  fat,
or polysaccharide matrix to further increase the
probability of bacterial  



survival. Compositions of the present invention can
also be provided in a  form suitable for infants
selected from the group consisting of follow-on
formula, beverage, milk, yogurt, fruit juice,
fruit-based drink, chewable 20 tablet, cookie,
cracker, or a combination thereof. [00061] In an
embodiment of the use of the invention, the postnatal
administration of LGG continues for at least 3 months.
In another  embodiment of the invention, the postnatal
administration of LGG  continues for at least 6
months. In yet another embodiment of the 25 invention,
the postnatal administration of LGG continues for at
least 12  months. In a particular embodiment of the
invention, the postnatal  administration of LGG
continues indefinitely. [00062] In one embodiment of
the invention, the prenatally or  postnatally
administered LGG can be combined with one or more 30
additional probiotics. Any probiotic known in the art
will be acceptable in  12 this embodiment. In a
particular embodiment, the probiotic is chosen from
the group consisting of Lactobacillus and
Bifidobacterium. [00063] In another embodiment of the
invention, the prenatally or  postnatally administered
LGG can be combined with one or more 5 prebiotics. Any
prebiotic known in the art will be acceptable in this
embodiment. Prebiotics of the present invention may
include lactulose,  galacto-oligosaccharide,
fructo-oligosaccharide, isomalto-oligosaccharide,
soybean oligosaccharides, lactosucrose,
xylo-oligosacchairde, and gentio- oligosaccharldes. 10
[00064] In a use of the present invention, the
prenatal and/or postnatal  administration of LGG
prevents or treats the development of allergic
rhinitis, asthma or sinusitis. [00065] In another use
of the present invention, the prenatal and/or
postnatal administration of LGG prevents or treats
allergy-induced 15 inflammation in the lung and
airways of a subject. Specifically, the use of  



the invention can prevent or treat airway tissue
inflammation, airway lumen  inflammation, decrease
mucus production, or widen the airway. [00066] In yet
another use of the present invention, the prenatal
and/or  postnatal administration of LGG reduces or
prevents the release of one or  20 more
pro-inflammatory cytokines. As used herein,
"pro-inflammatory" cytokines include those known in
the art to be involved in the up-regulation  of
inflammatory reactions. Examples include, but are not
limited to IFN-y,  MCP-1, IL-6 and IL-10. [00067] In a
particular embodiment of the invention, the prenatal
and/or  25 postnatal administration of LGG prevents or
reduces the production of  serum IgE antibodies in
subjects. In another embodiment, the prenatal  and/or
postnatal administration of LGG increases the
production of serum  IgA antibodies in subjects.
[00068] The following examples describe various
embodiments of the  30 present invention. Other
embodiments within the scope of the claims  herein
will be apparent to one skilled in the art from
consideration of the 13 specification or practice of
the invention as disclosed herein. It is intended
that the specification, together with the examples, be
considered to be  exemplary only, with the scope and
spirit of the invention being indicated  by the claims
which follow the examples. In the examples, all
percentages 5 are given on a weight basis unless
otherwise indicated.  14 Example 1 [00069] This
example describes the materials and methods necessary
to show the effect of the prenatal administration of
LGG on the  development of respiratory allergies and
inflammation in the lung and 5 airways. Female bag
albino, substrain c (BALB/c) mice aged 6-8 weeks  were
obtained from Harlaan Hinkelmann (Hannover, Germany).
They  were maintained on an Ovalbumin (OVA)-free diet.
All of the experimental  



procedures were approved by the animal ethics
committee. Prenatal Lactobacillus rhamnosus GG
(LGG)-exposure 10 [00070] Female BALB/c mice received
5 intragastric (i.g.) applications  of 108 colony
forming units (cfu) freeze-dried LGG in a volume of
200 }p1  (reconstituted in phosphate-buffered saline
(PBS)) on days -10, -8, -6, -4  and -2 prior to
mating. After mating and during the gestation and
lactation  period, mice of all groups were treated
Intragastrically with 108 cfu freeze 15 dried LGG in a
volume of 200 pl every second day. Age matched, sham-
exposed control animals received PBS instead of LGG
(control group).  Neonatal OVA-exposure [00071] At the
age of 25 days, and then again at the age of 39 days,
the  mice were sensitized to OVA by two
intra-peritoneal (i.p.) Injections of 10  20 pg OVA
(grade VI; Sigma, Deisenhofen, Germany) emulsified in
1.5 mg AI(OH)3 (Pierce, Rockford, USA) in a total
volume of 200 pl. [00072] To assess airway
inflammation, the mice were placed in a  Plexiglas
chamber and exposed to aerosolized OVA (1 %
weight/volume  diluted in PBS) for 20 minutes on days
44, 45, 46 and 47. Airway 25 inflammation was assessed
24 hours after the last allergen-aerosol  exposure.
[00073] Cytokine production and both IgE and IgA
antibody response by  OVA-sensitized mice was assessed
on day 53. Detection of LGG-DNA in stool samples 30
[00074] Stool samples (0.05 g) were weighed
aseptically, placed into  sterile tubes and
homogenized in 1.4 ml lysis buffer. Genomic DNA 15
extraction was performed according to the
manufacturer's instruction  (QlAamp DNA stool kit,
Quiagen). DNA was amplified using the Hot-start  PCR
kit (Quiagen) with LGG-specific primer pairs (LGG
sense:  gagaagaatggtcggcagag and LGG antisense:
catttcaccgctacacatgg). 5 Offspring: Exposure to OVA 



[00075] At ages 25 and 39 days, offspring were
sensitized to OVA by  two i.p. injections of 10 pg OVA
(grade VI; Sigma, Deisenhofen, Germany)  emulsified in
1.5 mg AI(OH)3 (Pierce, Rockford, USA) in a total
volume of  200 pl. Antibody response of OVA sensitized
mice was assessed on day  10 53. [00076] At days 44,
45, 46 and 47 a subgroup of mice was placed in a
Plexiglas chamber and exposed to aerosolized OVA (1 %
wt/vol diluted in  PBS) for 20 minutes to assess
airway inflammation. Measurement of serum levels of
OVA-specific antibodies 15 [00077] Levels of
OVA-specific IgG1, IgG2a and IgE antibody titers  were
determined by ELISA technique at day 53. 96-well
polystyrene flat- bottom microtiter plates (Greiner)
were coated with OVA (20pg/ml) diluted  in 0.1 M
carbonate coating buffer, pH 8.2 (for IgG1) or PBS
(for IgE, IgG2a). Plates were incubated overnight at
4C, washed three times with  20 washing buffer
(PBS/0.1 % Tween 20) and blocked for 2 hours at room
temperature using blocking solution (3% BSA/PBS).
After washing the  plates (3 times), samples (diluted
in PBS/0.1 % Tween 20) were added and  incubated at 4C
overnight followed by an Incubation with biotin
conjugated anti-mouse IgE, IgG2a or IgG1 monoclonal
antibody (2,5pg/ml, 25 all antibodies from Pharmingen)
for 2 hours at room temperature. The  reaction was
developed with streptavidin-peroxidase (diluted
1:1000) for  30 minutes at room temperature in the
dark and tetramethylbenzidine  (Roche) as substrate.
The reaction was stopped with 2n-sulphuric acid  and
plates were measured at 450/490 nm. 16
Bronchioalveolar lavage (BAL) and cell differentiation
[00078] Lavage fluids were collected 24 hours after
the last OVA- aerosol exposure. Trachea was cannulated
and BAL performed by two  lavages with 0.8 ml ice-cold
PBS. The recovered BAL-volume and the 5 total cell
number were determined. Cytospins were prepared for
each  



sample by centrifugation of 50p1 BAL-fluid/1 50 pl PBS
(100g for 5  minutes). After fixation cytospins were
stained with Diff Quick (Baxter  Dade). Differential
cell counts of 100 cells were performed. The cells
were classified as neutrophils, eosinophils,
macrophages or lymphocytes 10 by standard
morphological criteria.  Example 2 [00079] This
example illustrates the presence of LGG in the feces
of the  treated mice. The presence of LGG was assessed
in fecal samples from  LGG-treated mice versus mice
which received PBS only. After microbial 15 culturing,
LGG was present in fecal samples from LGG treated mice
whereas no LGG could be detected in PBS treated mice
(Fig. 2A). To  further confirm that the detected LGG
is indeed identical with the LGG  supplementation, DNA
was prepared from fecal samples and amplified  with
LGG-PCR-specific primers. As shown in Figure 1 B, LGG
specific 20 PCR products could be detected in the
samples from LGG treated mice  whereas no LGG specific
PCR products were detectable in samples from  PBS
treated mice (Fig. 2B). This result indicates that
prenatal and early  postnatal treatment of mice
resulted In colonization of the gut and LGG is  still
detectable at least three weeks after the last LGG
supplementation. 25 [00080] To assess whether maternal
LGG treatment resulted in long- term (beyond 3 weeks
after stopping the supplementation) LGG  colonization
in the mice, DNA was prepared from fecal samples from
the  mice at age of 53 days. The PCR analysis revealed
that neither PBS  treated nor LGG-treated mice were
colonized with LGG (Fig. 2C). This 30 result indicates
that the maternal delivered LGG does not result in
long  term colonization of the offspring during the
postnatal period 17 Example 4 [00083] This example
indicates the effect of LGG on the increase of  serum
IgA antibodies in subjects. Breast milk contains high
levels of  



secretory antibodies of the subclass IgA. It is also
well known that this 5 antibody subclass is associated
with the development of immunological  tolerance after
allergen exposure. Therefore, the result that there
was a  significant increase in serum IgA antibody
production in offspring from  LGG-supplemented mothers
compared to offspring from control mothers  (PBS) was
surprising (Fig. 5). This result indicates that
maternal LGG 10 supplementation not only hinders the
development of an allergic immune  response in
offspring, as indicated by a significantly decreased
production  of IgG1 antibodies, but also induces a
pattern of antibody production (IgA)  which is
associated with the development of immunological
tolerance. Example 5 15 [00084] This example
illustrates the effect of LGG on the production of
pro-inflammatory cytokines of splenic cells in
subjects. To further assess  whether the beneficial
effect of maternal LGG supplementation on  antibody
production in offspring was associated with an
immunological  immune response related to
immunological tolerance, mononuclear cells 20 from
spleen of OVA-sensitized and non-sensitized offspring
were cultured  in the presence of LGG or allergen
(OVA). Cytokine production was  assessed after 72
hours. Offspring from LGG-supplemented mouse  mothers
showed a significant reduced production of IFN-gamma,
MCP-1,  IL-10 and IL-6 (Fig. 6 A-D). These results
indicate that the maternal LGG 25 exposure resulted in
a significantly down-regulation of pro-inflammatory
cytokines in these mice. Example 6 [00085] This
example illustrates the effect of LGG on the
suppression of  airway inflammation in allergic
subjects. To test whether the effect of 30 prenatal
LGG-exposure influences the development of
experimental  asthma, OVA-sensitized mice were aerosol
allergen-challenged four times.  19 Airway
inflammation was investigated by analyzing
broncho-alveolar  



lavage (BAL) fluids. BAL fluids from OVA-sensitized
mice from maternal  LGG-exposed mothers contained
significantly lower numbers of  leukocytes as compared
to OVA-sensitized mice prenatal exposed to PBS 5 (Fig.
7). In addition, the cellular composition of BAL
fluids showed a  significant reduction of eosinophilic
granulocytes as well as macrophages  whereas
lymphocytes only showed a tendency towards lower
numbers. Example 7 [00086] This example describes the
materials and methods necessary  10 to show the effect
of the prenatal and postnatal administration of LGG on
the development of respiratory allergies and
inflammation in the lung and  airways. Female BALB/c
mice received before mating to make BALB/c  mice and
during pregnancy i.g. LGG. The LGG supplementation was
continued after delivery of the offspring during
breast feeding until day 21 15 after delivery. Control
mice received PBS instead of LGG. [00087] Female
BALB/c mice received 5 i.g. applications of 108 cfu of
freeze-dried LGG in a volume of 200 pl (reconstituted
in PBS) on days 0,  2, 4, 6, 8, 10, and 12. Controls
received PBS alone. On days 21 and 28  all animals
received sensitizing i.p. injections of 100 pg cow's
milk proteins 20 together with 1.5 mg AI(OH)3
adjuvant. To assess serum antibody levels  and
immunological effector function (PCA) blood was
collected at days 0  and 49. [00088] Wistar rats were
shaven on the back and flanks and injected
intradermally with 0.1 ml of the test sera in
dilutions taken from the mice at  25 day 49, followed
24h later with an intravenous injection of I ml of a
1:1 mixture of a solution of cow's milk proteins (Mead
Johnson Nutritionals,  Evansville, IN, USA) and
solution of Evans blue (2% in sterile saline).  After
20-30 min., the animals were examined for positive
response. The  diameter of dye extravasation at the
site of the serum injection was 30 measured. 20 



[00089] Levels of cow's milk specific IgG1, IgG2a and
IgE antibody  titers were determined by ELISA
technique at day 49. 96-well polystyrene  flat-bottom
microtiter plates (NUNC, Germany) were coated with
cow's  milk protein (5 pg/ml) diluted In 0.1 M
carbonate coating buffer, pH 9.6, 5 followed by 1 hour
blocking (37C) with PBS/1 % BSA/0.02 Tween 20. On
each plate a reference curve generated with a positive
pool serum (day 49  control) was determined (starting
dilution 1:10 for IgE, 1:100 for IgG2a and  1:6400 for
IgGI) a set at 1000 Arbitrary Units/ml (AU/ml) for
specific Ag- specific Ab levels. For detection of IgE,
IgG1 and IgG2a antibodies, PO 10 conjugated antibodies
were added (1 hour at 37C). Subsequently, 3,3',
5,5'-tetramethylbenzidine (TMB; Sigma, Germany, 100
pl/well; 6 mg/ml  DMSO) was used for the color
reaction, which was stopped with 100  pl/well of 2N
H2SO4 solution, and absorbance was measured at 450 nm.
Cow's milk specific antibody titers were expressed as
arbitrary uints (AU) 15 in comparison to the reference
serum. [00090] Blood was collected before and 1 hour
after an oral challenge  with 100 mg cow's milk
proteins/animal at day 56 and seum levels of  mmcp-1
were determined with an ELISA kit (Moredun, Scotland).
The  ELISA was performed according to the
manufacturer's instructions. Data 20 was analyzed
using the GraphPad Prism software, Version 3.02.
Differences between group means were determined by
using a Mann  Whitney-U test. Values of p<0.05 were
considered statistically significant. Example 8
[00091] This example illustrates the presence of LGG
in the feces of  25 mice treated prenatally and
postnatally with LGG. The presence of LGG  was
assessed in fecal samples from LGG-treated mice versus
mice which  received PBS only. After microbial
culturing, LGG was present in fecal  samples from
LGG-treated mice, whereas no LGG could be detected in
PBS-treated mice. To further confirm that the detected
LGG is indeed 30 identical with the LGG
supplementation, DNA was prepared from fecal  



samples and amplified with LGG-PCR-specific primers.
As shown in  21 figure 1 B, LGG specific PCR products
could be detected in the samples  from LGG-treated
mice whereas no LGG-specific PCR products were
detectable in samples from PBS-treated mice. This
result indicates that  pre- and early postnatal
treatment of mice resulted in colonization of the 5
gut and LGG is still detectable at least three weeks
after the last LGG  supplementation. [00092] To assess
whether maternal LGG treatment resulted in LGG
colonization of the neonates, DNA was prepared from
fecal samples from  neonates at the age of 53 days.
The PCR analysis revealed that neither 10 PBS-treated
nor LGG-treated mice were colonized with LGG. This
result  indicates that the maternal-delivered LGG is
not transmitted to the  neonates during the prenatal
or postnatal period. [00093] To further assess whether
the pre- and early postnatal LGG- supplementation
impacts the distribution of the bacterial gut
colonization,  15 several bacterial strains (LGG,
Enterococcus, E. coil, Staphylococcus aureus,
Bacteriodes) were assessed in fecal samples. There was
a  tendency that LGG-supplementation alters the
bacterial colonization in a  beneficial way. Bacteria
of the species Enterococcus, E. coil, and  Bacteriodes
were detected in higher numbers in the fecal samples
from 20 LGG-supplemented mice when compared to control
mice. In addition,  there was a tendency of reduced
Staphylococcus aureus colonization in  the gut of
LGG-treated mice when compared to PBS-treated mice.
These  results indicate that LGG treatment may improve
the normal health gut  colonization and also hinder
the proliferation of pathological bacteria in the  25
mouse gut. Example 9 [00094] This example illustrates
the effect of pre- and early postnatal  LGG
supplementation on the production of serum
allergen-specific  



antibodies in allergic neonates versus control.
Allergen-specific antibody 30 production was assessed
in neonates after i.p. sensitization to OVA  following
OVA-allergen aerosol exposure. Maternal LGG
supplementation  22 hinders the development of an
allergen-specific antibody response as  indicated by a
significant reduced production of anti-OVA IgG1 in
pre- and  early postnatal LGG-treated mice, compared
to PBS controls. The murine  IgG1 antibody subclass is
the human equivalent of IgE antibody. This is 5 the
effector molecule in allergic manifestations such as
positive skin prick  tests and development of airway
inflammation. The level of anti-OVA  IgG2a antibody
production was significantly different between
LGG-treated  mice and PBS-treated mice. These results
Indicate that maternal LGG- supplementation reduces
allergic sensitization to an allergen later in life.
10 Example 10 [00095] This example illustrates the
effect of pre- and early postnatal  LGG
supplementation on the production of serum IgA
antibodies in allergic  neonates versus control.
Breast milk contains high levels of secretory
antibodies of the subclass IgA. It is also well known
that this antibody 15 subclass is associated with the
development of immunological tolerance  after allergen
exposure. Therefore, the result that there was a
significant  increase in serum IgA antibody production
in neonates from LGG- supplemented mothers compared to
neonates from control mothers (PBS)  was surprising.
This result clearly indicates that maternal LGG 20
supplementation not only hinders the development of an
allergic immune  response in neonates as indicated by
a significantly decreased production  of IgG1
antibodies, but also Induces a pattern of antibody
production (IgA)  which is associated with the
development of immunological tolerance. Example 11 25
[00096] This example illustrates the effect of pre-
and early postnatal  LGG supplementation on the
production of pro-inflammatory cytokines in  



allergic neonates versus control. Mononuclear cells
from spleen of OVA- sensitized and non-sensitized
neonates were cultured in the presence of  LGG or
allergen (OVA). Cytokine production was assessed after
72 30 hours. Neonates from LGG-supplemented mothers
showed a significant  reduced production of IFN-gamma,
MCP-1, IL-10 and IL-6. These results  23 indicate that
the maternal LGG-exposure resulted in a significantly
down- regulation of pro-inflammatory cytokines in
these neonates. Example 12 [00097] This example
illustrates the effect of pre- and early postnatal  5
LGG supplementation on the suppression of airway
inflammation in  allergic neonates versus control.
OVA-sensitized mice were aerosol  allergen challenged
four times. Airway inflammation was investigated by
analyzing broncho-alveolar lavage (BAL) fluids. BAL
fluids from OVA- sensitized mice from maternal
LGG-exposed mothers contained 10 significantly lower
numbers of leukocytes as compared to OVA-sensitized
mice that were prenatally exposed to PBS (p<0.05). In
addition, the  cellular composition of BAL fluids
showed a significant reduction of  eosinophilic
granulocytes as well as macrophages (p<0.05) whereas
lymphocytes only showed a tendency towards lower
numbers. 15 Example 13 [00098] This example
illustrates the effect of postnatal LGG
supplementation on the development of an allergic
phonotype later in life.  To assess the impact of
postnatal LGG exposure on the development of  an
allergic phenotype later in life, female BALB/c mice
received either 20 LGG or PBS saline for two weeks
(day 14). At day 21 and 28, the mice  received two
sensitizing injections of cow's milk proteins. On day
49 and  56, production of cow's milk specific
antibodies (Fig. 8) and immunological  effector
function, such as passive cutaneous anaphylaxis test
(Fig. 9A)  and serum mast cell protease-1 release
after oral challenge (Fig. 9B), 



25 were assessed. [00099] As shown in Figure 8,
postnatal LGG supplementation hinders  the development
of an allergen specific antibody response as indicated
by  a significant reduced production of cow's milk
specific IgE antibodies. The reduced production of
allergen-specific IgE antibodies was associated  30
with significantly smaller wheal and flare reactions
after allergen-challenge  (Fig. 9A). The reduced
production of allergen-specific IgE antibodies was  24
also associated with significantly reduced release of
mast cell protease-1  after allergen-challenge (Fig.
9B). These results indicate that the LGG
supplementation reduces the development of an
allergen-specific immune  response and also reduces
allergic symptoms after allergen exposure. 5 Thus, LGG
exposure before allergic sensitization reduces the
development of an allergic phenotype later in life.
[000100] All references cited in this specification,
including without  limitation, all papers,
publications, patents, patent applications,
presentations, texts, reports, manuscripts, brochures,
books, internet 10 postings, journal articles,
periodicals, and the like, are hereby incorporated  by
reference into this specification in their entireties.
The discussion of the  references herein is intended
merely to summarize the assertions made by  their
authors and no admission is made that any reference
constitutes prior art. Applicants reserve the right to
challenge the accuracy and  15 pertinence of the cited
references. [000101] These and other modifications and
variations to the present  invention may be practiced
by those of ordinary skill in the art, without
departing from the spirit and scope of the present
invention, which is more  particularly set forth in
the appended claims. In addition, it should be 20
understood that aspects of the various embodiments may
be interchanged  in whole or in part. Furthermore,
those of ordinary skill in the art will  appreciate
that the foregoing description is by way of example
only, and is  



not intended to limit the invention so further
described in such appended  claims. Therefore, the
spirit and scope of the appended claims should not 25
be limited to the description of the preferred
versions contained therein.  25 WHAT IS CLAIMED IS: 1.
Use of LGG in the manufacture of a composition for
preventing the  development of respiratory allergies
in a subject wherein the composition is to be  5
administered prenatally and/or postnatally to the
subject prior to allergic  sensitization of the
subject. 2. The use according to claim 1, wherein the
respiratory allergies are  selected from the group
consisting of allergic rhinitis, asthma and sinusitis.
3. The use according to claim 1, wherein the
administration of the 10 composition prior to allergic
sensitization of the subject comprises ingestion of
the  composition by a pregnant mother of an unborn
subject, and postnatally breast  feeding the subject.
4. The use according to claim 1 wherein the
composition is administered  postnatally to the
subject prior to allergic sensitization of the
subject. 15 5. The use according to claim 4, wherein
the postnatal administration of  the composition prior
to allergic sensitization of the subject comprises
incorporation of the composition into an infant
formula and consumption of the  formula by the
subject. 6. The use according to claim 4, wherein the
postnatal administration of  20 the composition
continues for at least 3 months. 7. The use according
to claim 4, wherein the postnatal administration of
the composition continues for at least 6 months. 8.
The use according to claim 4, wherein the postnatal
administration of  the composition continues for at
least 1 year. 25 9. The use according to claim 1,
wherein the amount of LGG in the  composition is
between about 1x104 and 1x1010 cfu/Ukg/day. 10. The
use according to claim 1, wherein the amount of LGG in
the  



composition is between about 1x106 and 1x109
cfu/Ukg/day. 11. The use according to claim 1, wherein
the amount of LGG in the  30 composition is about
1x108 cfu/Ukg/day. 26 12. The use according to claim
1, wherein the composition additionally  comprises at
least one other probiotic. 13. The use according to
claim 1, wherein the composition additionally
comprises at least one prebiotic. 5 14. Use of LGG in
the manufacture of a composition for the prevention or
treatment of allergy-induced inflammation in the lung
and airways in a subject  wherein the composition is
to be administered prenatally and/or postnatally to
the  subject prior to allergic sensitization of the
subject. 15. The use according to claim 14, wherein
the composition prevents 10 inflammation in the airway
tissues, reduces or prevents inflammation in the
airway  lumen, decreases mucus production, or widens
the airway. 27 


