
WO 2005/107736 PCTINZ2005/000096  CLA-ENRICHED WHLKFAT AND USES THEREOF
FIELD OF THE INVENTION The present invention relates to use of the c-9, t-
11 isomer of conjugated linoleic  acid (CLA) to treat or prevent conditions
associated with one or more of leukocyte  5 infiltration, eosinophilia,
airway remodelling and bronchoconstriction. The invention also relates to a
CLA-enriched milk fat composition and its use in methods of treating or
preventing conditions associated with one or more of leukocyte infiltration,
eosinophilia, IgE secretion, airway remodelling, bronchoconstriction and
mucus  hypersecretion. 10 BACKGROUND Persons with atopy have a genetic
predisposition to produce IgE antibodies  against common environmental
allergens, and often suffer from one or more atopic  diseases including
allergic rhinitis, asthma, and atopic eczema (1). Atopic individuals  have
an exaggerated response to allergen characterized by elevated levels of IgE
15 antibodies, and their T cells respond to allergen by producing type 2
helper (Th2)  cytokines, including interleukin-4 (IL-4), IL-5, IL-9 and
IL-13 rather than the type 1  helper (Thl) cytokines IL-2 and
interferon-gamma (IFN-gamma) that typify the normal  response. Exposure of a
person with atopy to allergen can lead to an immediate  20 hypersensitivity
reaction in which a complex of allergen, IgE, and FcsRI on the surface  of
mast cells triggers the release of histamine, tryptase, and the lipid
mediators  



leukotrienes, prostaglandins, and platelet-activating factor. The
leukotrienes C4, D4,  and E4 cause the contraction of smooth muscles,
vasodilatation, increased vascular  permeability, and hypersecretion of
mucus. Tryptase activates a signalling pathway that 25 leads to the
upregulation of cell adhesion molecules on endothelial and epithelial cells
that selectively attract eosinophils and basophils. In the subsequent
late-phase reaction,  eosinophils and neutrophils accumulate in the lung,
followed by CD4+ T cells. Late- phase reactions can be induced in the
absence of immediate hypersensitivity indicating  I WO 2005/107736
PCT1NZ2005/000096  T cells alone are sufficient to initiate narrowing of the
airways in patients with allergic  asthma. Increased numbers of eosinophils
is a hallmark of allergic disease, and  eosinophils are enriched up to
100-fold in the airways of asthmatic subjects. A recent  5 review reported
that there is a broad correlation between the degree of eosinophilia and
disease severity. Eosinophils are a characteristic feature of seasonal and
perennial  rhinitis (2) and nasal polyposis (3). There are increased numbers
of eosinophils in  atopic dermatitis, and deposition of eosinophil basic
proteins in the affected skin (4).  Degranulating eosinophils can injure
mucosal surfaces by releasing toxic basic proteins, 10 cysteinyl
leukotrienes, and platelet activating factor which are thought to cause
bronchospasm; and impair M2 muscarinic receptors responsible for controlling
cholinergic responses. They have been proposed to play pathogenic roles in
asthma,  nasal polyposis, allergic rhinitis, and eosinophilic pneumonia
(5,6). 



Asthma attacks are triggered by the binding of inhaled allergens to IgE  15
antibodies on the surfaces of sensitised mast cells in the lungs. Binding
triggers mast  cell degranulation and release of histamine and leukotrienes.
These molecules cause the  smooth muscle cells of the bronchi to contract,
narrowing the lumen of the bronchi,  attract inflammatory cells, especially
eosinophils, and mediate mucus production.  Existing medicines that are mast
cell stabilisers inhibit immediate allergic responses but 20 are not
effective in treating chronic asthma. A medicine that inhibits mediator
release  from mast cells is unlikely to be an effective treatment for asthma
unless it can be  shown to have some other activity e.g. as a bronchodilator
or inhibitor of eosinophilic  inflammation. Inhaled corticosteroids are now
the recommended first-line therapy for asthma,  25 as they improve lung
function, decrease symptoms, reduce exacerbations, and can  prevent more
than half of all hospitalizations due to asthma (7). They are effective at
reducing morbidity and mortality due to asthma, but they have to be
regularly inhaled to  remain effective. Inhaled corticosteroids are in some
cases being prescribed for asthma  at inappropriately high doses, with the
potential to cause adverse effects such as 30 osteoporosis, cataracts and
adrenal suppression (8). A variety of therapeutic agents  have been
administered to asthma patients because of their steroid-sparing effect,  2
WO 2005/107736 PCT/NZ2005/000096  including anti-IgE antibodies (9),
leukotriene receptor antagonists (10), gold and  methotrexate (11).
Steroid-resistant asthma in which the patient derives reduced benefit  



from steroid use, is a serious medical challenge, and requires the delivery
of non- steroidal anti-asthmatic drugs (12). 5 The Western lifestyle is
believed to be a contributing factor to the risk of  developing asthma.
Diets have changed significantly since we led a more pastoral  existence,
Epidemiological studies have suggested a beneficial effect of consuming oily
fish (13), however the results of intervention studies with fish oil has
been inconsistent.  A reduction in the levels of inflammatory mediators
associated with asthma has been 10 reported with dietary interventions such
as administration of oils containing a  combination of gamma-linolenic acid
and eicosapentaenoic acid (EPA), normally  derived from fish (14). Dietary
supplementation with fish oil rich in EPA and  docosahexaenoic acid (DHA)
has been reported to be beneficial for children with  bronchial asthma (15).
A lipid extract from the New Zealand green-lipped mussel 15 (Perna
canaliculus) rich in the omega 3 fatty acids DHA and EPA reportedly
decreased  daytime wheeze, the concentration of exhaled H202, and increased
morning peak  expiratory flow in asthma patients (16). A number of other
studies have not shown any  benefit from treatment with fish oil (17). A
recent study investigated the relationship between food consumption and  20
asthma symptoms in 2978 pre-school children followed prospectively. It
reported that  the frequent consumption of products containing milk fat was
associated with a reduced  risk of asthma symptoms (18). A number of other
studies have suggested that  consumption of dairy products can protect
against the development of allergic  sensitisation or atopic disease, and
that conversely that polyunsaturated fat may be  



25 deleterious (19-22). Milkfat contains a number of bioactive fatty acids.
The most extensively studied  fatty acid from milk is conjugated linoleic
acid (CLA), which has been reported to  exhibit a number of health benefits
(23). The tracheae of guinea pigs fed synthetic CLA  enriched in t-10, c-12
isomer for two weeks reportedly displayed reduced contraction to 30
allergen, which corresponded with increased release of prostaglandin E2
(PGE2)  (International Patent Application WO 97/32008). In contradiction,
the same authors  3 WO 2005/107736 PCT/NZ2005/000096  reported in two
subsequent papers that feeding of an approximately equal mixture of
synthetic cis-9, trans-11 and trans-10, cis-12 isomers of CLA reduced
allergen-induced  histamine and release of PGE2 from allergen sensitized
guinea pig tracheae (24,25), but  did not affect allergen-induced tracheal
contractions (24). 5 Whilst the health benefits of synthetically prepared
CLAs have been reported,  there is a paucity of information on the
properties of naturally occurring CLAs in human  and bovine milk. Bovine
milk fat contains principally (75-90%) the c-9, t-11 isomer  (26). CLA is
produced naturally in the rumen as an intermediate in the  biohydrogenation
of dietary linoleic acid to stearic acid and in tissues by the action of 10
the delta-9 desaturase enzyme on trans vaccenic acid (trans-ll-octadecenoic
acid). The  second most prevalent CLA isomer in milk fat is the t-7, c-9
isomer, but it is present at  about 10% of the level of c-9, t-11 isomer.
The milk fat content of the t- 10, c-12 isomer  of CLA can be markedly
increased under certain dietary situations, but is still less than  



2% of the c-9, t-11 CLA content (27). Milk fat contains traces of many
additional  15 isomers of CLA. An exhaustive analysis of the published data
on the influence of synthetic seed- derived CLA on immune function reported
that supplementation of the diet with CLA is  not recommended (28). The
synthetic c-9, t-l l CLA isomer appears relatively benign,  whereas in
contrast, the synthetic t-10, c-12 isomer has been shown to alter body fat
20 mass, increase the fat content of several tissues, increase circulating
insulin, and  increase the saturated fatty acid content of adipose tissue
and muscle (28). In addition, it  has been reported to cause a dramatic
enlargement of the liver with steatosis when fed  to mice at 0.4% w/w for 4
weeks (29). t-10, c-12 CLA has also been shown to have  deleterious effects
in man (30). This latter study showed that t-10, c-12 CLA aggravated 25
insulin resistance and increased CRP and 8-iso-prostane which is a marker of
oxidative  stress. It would therefore be desirable to provide an improved or
alternative means for  treating or preventing conditions such as atopic
conditions, eosinophilias and Th2  mediated conditions that overcomes or
ameliorates problems associated with reported  30 treatments or that at
least provides the public with a useful choice. 4 WO 2005/107736
PCT/NZ2005/000096  SUMMARY OF THE INVENTION Accordingly, in one aspect the
present invention provides use of c-9, t-11 CLA  or a salt, ester or
precursor thereof in the manufacture of a composition for treating or  



preventing a condition associated with one or more of leukocyte
infiltration, 5 eosinophilia, airway remodelling and bronchoconstriction. In
one embodiment the  condition is selected from the conditions listed below
including atopic conditions,  eosinophilias and Th2-mediated conditions. In
one embodiment the condition is  asthma. In one embodiment the composition
is substantially free of the t-10, c-12 CLA  10 isomer. In another aspect
the present invention provides use of milk fat enriched with c- 9, t-11 CLA
or a salt, ester or precursor thereof in the manufacture of a composition
for  treating or preventing a condition associated with one or more of
leukocyte infiltration,  eosinophilia, IgE secretion, airway remodelling,
bronchoconstriction and mucus 15 hypersecretion. In one embodiment the
condition is selected from the conditions listed  below including atopic
conditions, eosinophilias and T12-mediated conditions. In one  embodiment
the condition is asthma. In one embodiment the CLA-enriched milk fat
comprises at least about 2, 4, 6,  8, 10, 15, 20, 25, 30, 35, 40, 45 or 50%
by weight of c-9, t-11 CLA or a salt, ester or  20 precursor thereof and
useful ranges may be selected between any of these forgoing values (e.g.
from about 4% to about 7%). Preferably the milk fat comprises at least
about 2% c-9, t-11 CLA by weight, preferably about 2 to 10% c-9, t-11 CLA by
weight,  more preferably about 4 to 7% c-9, t-11 CLA by weight and most
preferably about 5%  c-9, t-11 CLA by weight. 25 In one embodiment the milk
fat comprises CLA isomers which comprise at least  



about 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99% c-9, t-11 CLA by weight
or a salt,  ester or precursor thereof and useful ranges may be selected
between any of these  forgoing values (e.g. from about 80% to about 95%).
Preferably the milk fat includes  CLA isomers comprising at least about 50%
c-9, t-l I CLA by weight, preferably about  5 WO 2005/107736
PCT/NZ2005/000096  70 to 90% c-9, t-11 CLA by weight, preferably about 70 to
80% c-9, t-1I CLA by  weight. In one embodiment the c-9, t-11 CLA is
selected from c-9, t-11 CLA derived  from a natural source; synthetic c-9,
t-11 CLA; c-9, t-11 CIA in free fatty acid form; c- 5 9, t-11 CLA bound to
glycerol, a monoglyceride or a diglyceride; c-9, t-11 CLA in  esterified
form; or mixtures thereof. In one embodiment the milk fat is substantially
free of the t-10, c-12 CLA  isomer or the milk fat otherwise has a fatty
acid profile that corresponds substantially to  the fatty acid profile of
normal milk fat. In one embodiment the milk fat composition 10 comprises the
t-10, c-12 CLA isomer at a level that is no greater than the level of the t-
10, c-12 CLA isomer found in normal milk fat. In one embodiment the
composition further comprises one or more constituents  (such as
antioxidants) which prevent or reduce degradation of the composition during
storage or after administration. 15 In one embodiment the milk fat is
produced by enhancing natural levels of CLA  in milk by feeding a milk
producing mammal with a diet enriched in at least one fatty  



acid (e.g. linoleic acid). In another embodiment the milk fat composition of
the invention is prepared by  combining a source of c-9, t-11 CLA or a salt,
ester or precursor thereof with milk fat.  20 In one embodiment the
composition is formulated as a food, drink, food additive, drink additive,
dietary supplement, nutritional product, medicament,  pharmaceutical or
neutraceutical. Preferably, the composition is formulated as a  powder,
liquid, food bar, spread, sauce, ointment, tablet or capsule. In one
embodiment the composition is formulated for oral, nasal, topical,  25
subcutaneous, intramuscular, intravenous or parenteral administration. In
one embodiment the composition is formulated for ingestion, inhalation or
topical application. Where the composition is formulated for inhalation,
preferably it is  formulated as an inhalable powder, solution or aerosol.
Where the composition is  6 WO 2005/107736 PCT/NZ2005/000096  formulated for
topical application, preferably it is formulated as an ointment, cream or
lotion. In one embodiment the use is for treating or preventing a condition
associated  with one or more of leukocyte infiltration, eosinophilia, IgE
secretion, airway  5 remodelling, bronchoconstriction and mucus
hypersecretion with steroid sparing effect. Preferably the condition is a
steroid-dependent condition including corticosteroid  dependent asthma,
severe eczema and eosinophilic disorders including eosinophilic
gastroenteritis, eosinophilic pneumonia and hyper-eosinopbilic syndrome. 



Another aspect of the present invention provides a pharmaceutical
composition  10 comprising milk fat enriched with c-9, t-11 CLA or a salt,
ester or precursor thereof as  described above, and a pharmaceutically
acceptable carrier. In one embodiment a pharmaceutical composition of the
invention is formulated  for oral, nasal, topical, subcutaneous,
intramuscular or intravenous administration. In  another embodiment a
pharmaceutical composition of the invention is formulated for 15 ingestion,
inhalation or topical application. In yet another embodiment a
pharmaceutical  composition of the invention is formulated as an inhalable
powder, inhalable solution or  aerosol. Another aspect of the present
invention provides a method for treating or  preventing a condition
associated with one or more of leukocyte infiltration,  20 eosinophilia,
airway remodelling and bronchoconstriction, including those listed below,
comprising administering c-9, t-11 CLA or a salt, ester or precursor thereof
to a subject  in need thereof. Another aspect of the present invention
provides a method for treating or  preventing a condition associated with
one or more of leukocyte infiltration,  25 eosinophilia, IgE secretion,
airway remodelling, bronchoconstriction and mucus hypersecretion, including
but not limited to those listed below, comprising  administering milk fat
enriched with c-9, t-11 CLA or a salt, ester or precursor thereof,  as
described above to a subject in need thereof. In one embodiment the
condition is asthma.  7 



WO 2005/107736 PCT/NZ2005/000096  In one embodiment the condition is an
atopic condition. In another embodiment the condition is an allergy. In yet
another embodiment the condition is an eosinophilia.  In still another
embodiment the condition is a Th2 mediated condition. In one embodiment the
condition is selected from allergic rhinitis, hay fever,  5 atopic
rhinoconjunctivitis, urticaria, asthma and atopic eczema. In one embodiment
the condition is selected from contact dermatitis, eczema,  hives
(urticaria), allergic conjunctivitis, hay fever, allergic rhinitis, airborne
allergies  including tree (e.g. birch pollen), weed (e.g. ragweed), and
grass pollen allergies, latex  allergies, food allergies (e.g. peanut,
shellfish, milk protein), drug allergies (e.g. to 10 penicillin), insect
sting allergies (e.g. honeybee allergies, wasp allergies, hornet  allergies,
yellow jacket allergies, fire ant allergies), mold allergies (e.g. to
altemaria,  cladosporium, aspergillus, penicillium, helnunthosporium,
epicoccum, f isarium, mucor,  rhizopus, and aureobasidium), dust mite
allergies, animal allergies (e.g. household pets  such as cats and dogs),
allergic bronchopuhnonary aspergillosis, occupational asthma,  15 and
episodic angioedema with eosinophilia. In one embodiment the condition is
selected from airway, lung, blood and skin  eosinophilia. In another
embodiment, the eosinophilia is selected from eosinophilic  ascites,
eosinophilic cellulitis, eosinophilic fasciitis, eosinophilic
gastroenteritis, coeliac  disease, allergic colitis, eosinophilic
esophagitis, eosinophilic pancreatitis, eosinophilic 20 pneumonias,
bronchiectasis, eosinophilic synovitis, nasal eosinophilia, tropical
pulmonary eosinophilia, Churg Strauss syndrome, pulmonary eosinophilia,
idiopathic  



hyper-eosinophilic syndrome, inflammatory bowel disease, eosinophilic
cholangitis,  eosinophilic leukaemia and other eosinophilic cancers,
familial (hereditary  eosinophilia), eosinophilic granuloma, sarcoidosis,
eosinophilia-myalgia syndrome, 25 cystic fibrosis, nasal polyposis,
eosinophil meningitis, Wegener's granulomatosis,  polyarteritis nodosa,
rheumatoid arthritis, pemphigus vulgaris, bullous pemphigoid,  dermatitis
herpetiformis, erythema multifonne, eosinophilic cellulites, parasitic
infections (Ascaris Toxocara canis, Filariasis, Anchylostomiasis,
Trichinosis,  Strongvloidiasis, Fascioliasis, Schistosomiasis). 8 WO
2005/107736 PCT/NZ2005/000096  In one embodiment the condition is selected
from Th2 mediated asthma, allergies, eczema, microbial or parasite
infection, and autoimmune diseases including  ulcerative colitis. Another
aspect of the present invention provides a method for treating or  5
preventing a condition associated with one or more of leukocyte
infiltration,  eosinophilia, IgE secretion, airway remodelling,
bronchoconstriction and mucus  hypersecretion with steroid sparing effect
comprising administering c-9, t-11 CLA or a  salt, ester or precursor
thereof or milk fat enriched with c-9, t-11 CLA or a salt, ester or
precursor thereof to a subject in need thereof. Preferably the condition is
a steroid 10 dependent condition including corticosteroid dependent asthma,
severe eczema and  eosinophilic disorders including eosinophilic
gastroenteritis, eosinophilic pneumonia  and hyper-eosinophilic syndrome. 



The entire disclosures of all applications, patents and publications, cited
above  and below, if any, are hereby incorporated by reference. 15 The term
"comprising" as used in this specification and the claims means  "consisting
at least in part of'. When interpreting statements in this specification and
the claims which include that term, the features, prefaced by that term in
each statement  or claim, all need to be present but other features can also
be present. It is intended that reference to a range of numbers disclosed
herein (for example,  20 1 to 10) also incorporates reference to all
rational numbers within that range (for  example, 1, 1.1, 2, 3, 3.9, 4, 5,
6, 6.5, 7, 8, 9 and 10) and also any range of rational  numbers within that
range (for example, 2 to 8, 1.5 to 5.5 and 3.1 to 4.7) and, therefore,  all
sub-ranges of all ranges expressly disclosed herein are hereby expressly
disclosed.  These are only examples of what is specifically intended and all
possible combinations 25 of numerical values between the lowest value and
the highest value enumerated are to  be considered to be expressly stated in
this application in a similar manner. BRIEF DESCRIPTION OF THE DRAWINGS
Figure IA is a graph showing the mean number of BAL cells (f SEM) from
healthy mice fed a control chow diet (similar results were obtained with
healthy mice  9 WO 2005/107736 PCT/NZ2005/000096  fed an AIN93G control
diet) and OVA challenged mice fed experimental diets as  described in Table
1 (n = 5 to 6 mice per group). Figure lB is a graph showing the mean cell
counts ( SEM) of cell types present  



in BAL from healthy mice fed a control diet and OVA challenged mice fed  5
experimental diets as described in Table 1 (n = 5 to 6 mice per group).
Figures 2A and 2B are graphs showing mean levels (t SEM) of
allergen-specific  IgE and IgG1 responses in healthy mice fed a control diet
and OVA challenged mice  fed experimental diets as described in Table 1 (n =
5 to 6 mice per group). Figure 3A is a graph showing the mean number of BAL
cells ( SEM) from  10 OVA challenged mice fed experimental diets as
described in Table 2 (n = 5 to 6 mice  per group). Figure 3B is a graph
showing the mean cell counts ( SEM) of cell types present  in BAL from OVA
challenged mice fed experimental diets as described in Table 2 (n =  5 to 6
mice per group). 15 Figure 4 is a graph showing the total number of BAL
cells as individual data,  and means from OVA challenged mice fed
experimental diets as described in Table 3 (n  = 4 to 6 mice per group).
Figure 5 is a graph showing the number of each cell type present in the BAL
cells as individual data, and means from OVA challenged mice fed
experimental diets  20 as described in Table 3 (n = 4 to 6 mice per group).
DETAILED DESCRIPTION OF THE INVENTION As shown in the Examples, a
CLA-enriched milk fat composition suppressed the  development of OVA-induced
airway inflammation in a mouse model of allergen  (ovalbumin)-induced
asthma. In contrast, normal milk fat and normal milk fat spiked 25 with a
synthetic CLA product derived from safflower oil ("syn-CLA") had no
detectable  



effect. Dietary administration of c-9, t-11 CLA in free fatty acid or
glyceride form was  found to reduce lung inflammation but to a lesser degree
than CLA-enriched milk fat. 10 WO 2005/107736 PCT/NZ2005/000096  The term
"normal milk fat" is intended to mean typical mammalian milk fat. For
example, milk fat produced by New Zealand pasture fed cows. A compositional
analysis of typical New Zealand milk fat and anhydrous milk fat (AMP) is
presented in  Tables 1 and 2. The composition of New Zealand milk fat may
vary from season to 5 season as known in the art (See for example, MacGibbon
A K H, Van der Does Y E H,  Fong B Y, Robinson N P, Thomson N A, "Variations
in the CLA content of New  Zealand Milkfat", Australian Journal of Dairy
Technology (2001), 56(2), 158). The terms "CLA-enriched milk fat" and "milk
fat enriched with o-9, t- 11 CLA"  are intended to mean milk fat that
comprises a higher level of c-9, t-11 CLA or a salt,  10 ester or precursor
thereof than normal milk fat. CLA-enriched milk fat may prepared by known
techniques including but not limited to supplementary free fatty acid
feeding of  pasture fed cows (32). CLA-enriched milk fat may also be
prepared by supplementing  milk fat with CLA. Milk fat for use according to
the invention may in one embodiment  be sheep, goat, pig, mouse, water
buffalo, camel, yak, horse, donkey, llama, bovine or  15 human milk fat.
Preferably the milk fat is bovine milk fat. In one embodiment the
CIA-enriched milk fat comprises at least about 2, 4, 6,  8, 10, 15, 20, 25,
30, 35, 40; 45 or 50% by weight of c-9, t-11 CLA or a salt, ester or
precursor thereof and useful ranges may be selected between any of these
forgoing  



values (e.g. from about 4% to about 7%). Preferably the CLA-enriched milk
fat 20 comprises at least about 2% c-9, t-11 CLA by weight, preferably about
2 to 10% c-9, t- 11 CLA by weight, more preferably about 4 to 7% c-9, t- 11
CLA by weight and most  preferably about 5% c-9, t-11 CLA by weight. In one
embodiment the CLA-enriched milk fat comprises CLA isomers which  comprise
at least about 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99% by weight c-9,
t-1 1  25 CLA or a salt, ester or precursor thereof and useful ranges may be
selected between any of these forgoing values (e.g. from about 80% to about
95%). Preferably the CLA- enriched milk fat includes CLA isomers comprising
at least about 50% c-9, t-11 CLA  by weight, preferably about 70 to 80% c-9,
t-11 CLA by weight. In one embodiment, the c-9, t-I I CLA isomer may be
included in a composition  30 of the invention in free fatty acid form. In
another embodiment the CLA may be in an  11 WO 2005/107736 PCTINZ2005/000096
esterified form, including but not limited to methyl, ethyl and propyl
esters. In another  embodiment the CLA may be in a salt form, including but
not limited to sodium salts  and zinc salts. In a further embodiment, one or
more c-9, t-11 CLA molecules may be  bound to a polyol such as glycerol or
sphingosine, with or without other fatty acids, to 5 form mono-, di- or
tri-glycerides for example. In yet another embodiment, mixtures of  these
forms of c-9, t-l I CLA may be included within a composition of the
invention. In  another embodiment a precursor of c-9, t-11 CLA may be
provided including but not  limited to vaccenic acid (trans-ll-octadecenoic
acid). 



Appropriate levels of the c-9, t-11 CLA isomer or a salt, ester or precursor
10 thereof may be determined, obtained and provided by a skilled worker with
regard to  that skill and to the teaching of the present application.
Referring to the Examples, CLA-enriched milk fat reduced allergen-specific
IgE  and IgGl levels by 30 to 55%, and 45 to 48%, respectively, compared
with normal milk  fat CLA-enriched milk fat inhibited lung eosinophilia and
lymphocytosis, whereas 15 milk fat and syn-CLA-spiked normal milk fat had no
discernible affect. CLA-enriched  milk fat inhibited goblet cell metaplasia
and the overproduction of airway mucus  (features of airway remodelling),
whereas normal milk fat and syn-CLA-spiked normal  milk fat had no
discernible affect. The airways of mice fed CLA-enriched milk fat were
open, whereas the airways of mice fed normal milk fat and syn-CLA-spiked
normal  20 milk fat were occluded with mucin and constricted. Mice fed the
highest doses of syn-CLA-spiked normal milk fat, where the  synthetic CLA
isomers represented 5.3% of the diet, developed fatty liver disease. The
CLA-enriched milk fat composition had no such effect, and visual inspection
of other  organs did not reveal any toxic side-effects, even at the highest
doses. 25 Syn-CLA separated into its two major components, namely synthetic
c-9, t-11  (syn-9,11 CLA) and t-10, c-12 (syn-10,12 CLA) CLA isomers,
revealed syn-9,11 CLA  inhibited lung eosinophilia and lymphocytosis,
whereas syn-10,12 CLA had no  discernible affect. 12 WO 20051107736
PCT/NZ2005/000096  



CLA-enriched milk fat diminished allergen-specific Ig reponses compared to
normal milk fat and syn-CLA whereas free fatty acid and triglyceride forms
of CLA  isomers had no significant effect. Thus, the CLA-enriched milk fat
composition described herein is able to reduce  5 one or more of leukocyte
infiltration, eosinophilia, IgE secretion, airway remodelling,
bronchoconstriction and mucus hypersecretion, and so is useful as a therapy
for  conditions where reducing one or more of these states is beneficial.
Such conditions  include atopic conditions, allergies, eosinophilias and
Th2-mediated conditions. Accordingly, in one aspect the present invention
relates to use of c-9, t-11 CLA  10 or a salt, ester or precursor thereof in
the manufacture of a composition for treating or  preventing a condition
associated with one or more of leukocyte infiltration,  eosinophilia, airway
remodelling and bronchoconstriction. In another aspect the present invention
relates to use of milk fat enriched with c- 9, t-11 CLA or a salt, ester or
precursor thereof in the manufacture of a composition for  15 treating or
preventing a condition associated with one or more of leukocyte
infiltration, eosinophilia, IgE secretion, airway remodelling,
bronchoconstriction and mucus  hypersecretion. The c-9, t-11 CIA may be
synthetic, derived from a natural source, or mixtures  thereof. Natural
sources of c-9, t-11 CLA are described by Chin et al (31). In one  20
embodiment where the c-9, t-11 CLA is synthetic CLA, the CLA includes CLA
that is  chemically modified to improve potency, stability, transport and
half-life. Sunflower and safflower seed oils, containing approximately 65%
and 76%  



linoleic acid respectively, are currently used as raw material for CLA
production.  Optimal conditions used in commercial scale production results
in approximately equal 25 amounts of the isomers c-9, t-11 and t-10, c-12. A
safflower based product can thus  contain approximately 36% each of c-9,
t-11 and t-10, c-12 isomers. Minor peaks are  include the cis, cis and
trans, trans isomers of 9,11 and 10,12 CLA, each around 0.5 to  1%. Traces
of c-11, t-13 (which is formed from heating the t-l0, c-12 isomer) and t-8,
c-10 (from heating of the c-9, t-11 isomer) may also be present. 13 WO
2005/107736 PCT/NZ2005/000096  A composition for use according to the
invention may optionally further comprise at least one antioxidant or other
agent able to prevent degradation of the c-9, t- 11 CLA or salt, ester or
precursor thereof. In one embodiment, the milk fat or composition for use
according to the  5 invention is substantially free of the t-10, c-12 CLA
isomer which may neutralize the  protective affect of the c-9, t-11 CLA
isomer if it is present in high levels compared to  the amount of the c-9,
t-11 CLA isomer present. Preferably, to obtain maximal benefits,  patients
should minimise their use of non-animal commercially-prepared synthetic
mixed CLA isomers and of other food sources containing relatively high
levels of the t- 10 10, c-12 CLA isomer. Without wishing to be bound by
theory, it is possible that other CLA isomers  (apart from the 10, 12
isomers) and that one or more trans fatty acids (in free fatty acid  or
glyceride form), such as C 10 to C20 fatty acids, may be contributing to the
activity of  



the milk fat composition of the invention. Other potentially active CLA
isomers include 15 one or more of the t-9, o-11; c-8, t-10; c-8, c-10; c-9,
c-11; o-11, c-13; t-11, t-13; or t-9,  t-11 CLA isomers. In one embodiment,
the milk fat composition otherwise has a fatty acid profile  that
corresponds substantially to the fatty acid profile of normal milk fat. In
one embodiment the CLA-enriched milk fat comprises increased levels of  20
vaccenic acid. Preferably the CLA-enriched milk fat comprises at least about
5, 10, 15,  20, 25, 30 or 35% by weight vaccenic acid. In one embodiment the
CLA-enriched milk fat comprises decreased levels of  c16:0. In one
embodiment, the milk fat composition comprises normal milk fat where  25 the
fatty acid profile is altered due to seasonal variation or to variations due
to dietary  supplementation, as known in the art, and in a preferred
embodiment includes milk fat  having the fatty acid profile of the
CLA-enriched milk fat set out in Table 2. 14 WO 20051107736
PCTINZ2005/000096  Optionally, the milk fat composition further comprises
one or more constituents (such as antioxidants) which prevent or reduce
degradation of the composition during  storage or after administration. In
one embodiment, the milk fat composition comprises the t-10, c-12 CLA  5
isomer at a level that is no greater than the level of the t-10, c-12 CLA
isomer found in  normal milk fat. Thus, for the purposes of this embodiment,
the milk fat composition is  



substantially free of the t-10, c-12 CLA isomer, as discussed above, except
for the t-10,  c-12 CLA that is naturally present in the milk fat itself. In
one embodiment, the milk fat composition is produced by enhancing natural
10 levels of CLA in milk by feeding a milk producing mammal with a diet
enriched in at  least one fatty acid (e.g. linoleic acid). See for example
the method described by  Flatfoot et al (32). In another embodiment, the
milk fat composition of the invention is prepared by  combining a source of
c-9, t-11 CLA with milk fat. 15 A composition useful herein may be
formulated as a food, drink, food additive,  drink additive, dietary
supplement, nutritional product, neutraceutical, medicament or
pharmaceutical. Preferably, a composition of the invention is formulated as
a powder,  liquid, food bar, spread, sauce, ointment, tablet or capsule.
Appropriate formulations  may be prepared by an art skilled worker with
regard to that skill and the teaching of  20 this specification. ti The
present invention also provides a pharmaceutical composition comprising a
CLA-enriched milk fat as described above and a pharmaceutically acceptable
carrier.  Another aspect of the invention provides a method for treating or
preventing conditions associated with one or more of leukocyte infiltration,
eosinophilia, IgE  25 secretion, airway remodelling, bronchoconstriction and
mucus hypersecretion, including  those listed below, comprising
administering c-9, t-11 CLA or a salt, ester or precursor  thereof or milk
fat enriched with c-9, t- 11 CLA or a salt, ester or precursor thereof to a



subject in need thereof. 15 WO 2005/107736 PCT/NZ2005/000096  Thus, one
aspect of the invention provides a method of treating or preventing an
atopic condition comprising administering c-9, t-11 CLA or a salt, ester or
precursor  thereof or milk fat enriched with c-9, t-11 CLA or a salt, ester
or precursor thereof to a  subject in need thereof. In one embodiment, the
atopic condition is selected from 5 allergic rhinitis, hay fever, atopic
rhinoconjunctivitis, urticaria, asthma and atopic  eczema. A "subject' 'in
accordance with the invention is an animal, preferably a mammal,  more
preferably a mammalian companion animal or human. Preferred companion
animals include cats, dogs and horses. 10 Another aspect of the invention
provides a method of treating or preventing an  allergy comprising
administering c-9, t-11 CLA or a salt, ester or precursor thereof or  milk
fat enriched with c-9, t-11 CLA or a salt, ester or precursor thereof to a
subject in  need thereof. In one embodiment, the allergy is selected from
contact dermatitis,  eczema, hives (urticaria), allergic conjunctivitis, hay
fever, allergic rhinitis, airborne 15 allergies including tree (e.g. birch
pollen), weed (e.g. ragweed), and grass pollen  allergies, latex allergies,
food allergies (e.g. peanut, shellfish, milk protein), drug  allergies {e.g.
to penicillin), insect sting allergies (e.g. honeybee allergies, wasp
allergies, hornet allergies, yellow jacket allergies, fire ant allergies),
mold allergies (e.g.  to alternaria, cladosporium, aspergillus, penicillium,
hehninthosporium, epicoccum, 



20 fusarium, mucor, rhizopus, and aureobasidium), dust mite allergies,
animal allergies  (e.g. household pets such as cats and dogs), allergic
bronchopuimonary aspergillosis,  occupational asthma, and episodic
angioedema with eosinophilia. Another aspect of the invention provides a
method of treating or preventing  eosinophilia comprising administering c-9,
t-11 CLA or a salt, ester or precursor thereof  25 or milk fat enriched with
c-9, t-11 CLA or a salt, ester or precursor thereof to a subject in need
thereof. In one embodiment, the eosinophilia is selected from airway, lung,
blood and skin eosinophilia. In another embodiment, the eosinophilia is
selected from  eosinophilic ascites, cosinophilic cellulitis, eosinophilic
fasciitis, eosinophilic  gastroenteritis, coeliac disease, allergic colitis,
eosinophilic esophagitis, eosinophilic 30 pancreatitis, eosinophilic
pneumonias, bronchiectasis, eosinophilic synovitis, nasal  eosinophilia,
tropical pulmonary cosinophilia, Churg Strauss syndrome, pulmonary  16 WO
2005/107736 PCT/NZ2005/000096  eosinophilia, idiopathic hyper-eosinophilic
syndrome, inflammatory bowel disease,  eosinophilic cholangitis,
eosinophilic leukaemia and other eosinophilic cancers, familial  (hereditary
eosinophilia), eosinophilic granuloma, sarcoidosis, eosinophilia-myalgia
syndrome, cystic fibrosis, nasal polyposis, eosinophil meningitis, Wegener's
5 granulomatosis, polyarteritis nodosa, rheumatoid arthritis, pemphigus
vulgaris, bullous  pemphigoid, dermatitis herpetiformis, erythema
multiforme, eosinophilic cellulites,  parasitic infections (Ascaris Toxocara
canis, Filariasis, Anchylostomiasis, Trichinosis,  Strongvloidiasis,
Fascioliasis, Schistosomiasis). 



Another aspect of the invention provides a method of treating or preventing
a  10 Th2 mediated condition comprising administering c-9, t-1I CLA or a
salt, ester or  precursor thereof or milk fat enriched with c-9, t-I1 CLA or
a salt, ester or precursor  thereof to a subject in need thereof. In one
embodiment, Th2 mediated conditions are  selected from Th2 mediated asthma,
allergies, eczema, microbial or parasite infection,  and autoinunune
diseases including ulcerative colitis. 15 Another aspect of the invention
provides a method for treating or preventing a  condition selected from
those listed above with "steroid sparing" effect comprising the
administration of c-9, t-11 CLA or a salt, ester or precursor thereof or
milk fat enriched  with c-9, t-11 CLA or a salt, ester or precursor thereof
to a subject in need thereof. In  one embodiment, the method allows the dose
of any steroidal medication being 20 administered to a subject to be
reduced. In another embodiment, the invention provides  a method for the
treatment of a steroid-dependent condition such as corticosteroid  dependent
asthma, severe eczema or other eosinopbilic disorders including eosinophilic
gastroenteritis, eosinophilic pneumonia, and hyper-eosinophilic syndrome. As
used herein, the term "steroid sparing" is intended to mean that the dose of
25 steroidal medication administered to a subject is able to be reduced to a
level below that  administered before the subject began taking a composition
of the present invention.  Preferably the dose is able to be reduced by at
least 10, 20, 30, 40, 50, 60, 70, 80 or  90%. The c-9, t-11 CLA and milk fat
compositions useful herein may be formulated to  30 allow for administration
to a subject by any chosen route, including but not limited to  



17 WO 2005/107736 PCT/NZ2005/000096  oral, nasal, topical, subcutaneous,
intramuscular, intravenous, or parenteral  administration. Thus, a
pharmaceutical composition of the invention may be formulated  with
appropriate pharmaceutically acceptable excipients, diluents or carriers
selected  with regard to the intended route of administration and standard
pharmaceutical 5 practice. For example, a composition of the invention can
be administered orally as a  powder, liquid, tablet or capsule, or topically
as an ointment, cream or lotion. Suitable  formulations may contain
additional agents as required, including emulsifying,  antioxidant,
flavouring or colouring agents, and may be adapted for immediate-,
delayed-, modified-, sustained-, pulsed- or controlled-release. 10 The
compositions can also be administered by inhalation (orally or
intranasally),  and are conveniently delivered in the form of a dry powder
inhaler or an aerosol spray  presentation from a pressurised container,
pump, spray, atomiser or nebuliser, with or  without the use of a suitable
propellant as known in the art. In one preferred embodiment, a composition
for use according to the invention  15 is formulated for ingestion,
inhalation or topical application. The compositions useful herein may be
used alone or in combination with one or  more other therapeutic agents.
When used in combination with another therapeutic  agent the administration
of the two agents may be simultaneous or sequential.  Simultaneous
administration includes the administration of a single dosage form that 20
comprises both agents and the administration of the two agents in separate
dosage forms  



at substantially the same time. Sequential administration includes the
administration of  the two agents according to different schedules,
preferably so that there is an overlap in  the periods during which the two
agents are provided. Suitable agents with which the  compositions of the
invention can be co-administered include bronchodilators e.g. beta 25 2
agonists, anticholinergic agents, or anti-inflammatory agents e.g. inhaled
steroids,  intranasal steroids, steroid creams and ointments, oral steroids
and leukotriene  antagonists and 5-lipoxygenase inhibitors, and other
suitable agents known in the art. In one embodiment of the invention, a
pharmaceutical composition of the  invention further comprises, or is
formulated for administration (simultaneous or  18 WO 2005/107736
PCT/NZ2005/000096  sequential) with, an agent selected from bronchodilators,
corticosteroids, long-acting  beta agonists, leukotriene modifiers and other
suitable agents known in the art. Additionally, it is contemplated that a
composition in accordance with the  invention may be formulated with
additional active ingredients which may be of benefit  5 to a subject in
particular instances. For example, therapeutic agents that target the same
or different facets of the disease process may be used. As will be
appreciated, the dose of the composition administered, the period of
administration, and the general administration regime may differ between
subjects  depending on such variables as the severity of symptoms of a
subject, the type of 10 disorder to be treated, the mode of administration
chosen, and the age, sex and/or  general health of a subject. However, by
way of general example, the inventors  



contemplate administration of from about I mg to about 1000 mg per kg body
weight of  a milk fat composition of the invention is administered per day,
preferably about 50 to  about 100 mg per kg per day. In one embodiment,
about 1 g to about 30 g of a milk fat 15 composition of the invention is
administered per day, preferably about 3 to about 7 g. It  should be
understood that a composition comprising c-9, t-11 CLA, rather than the
CLA-enriched milk fat of the invention, may be administered in a lower daily
dose than  a CLA-enriched milk fat composition of the invention. For
example, in one  embodiment, the inventors contemplate administration of
from about 0.05 mg to about 20 50 mg per kg body weight of a pharmaceutical
composition of the invention comprising  c-9, t-11 CLA. It should be
appreciated that administration may include a single daily dose or
administration of a number of discrete divided doses as may be appropriate.
As used herein the term "treat" and its derivatives should be interpreted in
their  25 broadest possible context. The term should not be taken to imply
that a subject is  treated until total recovery. Accordingly, "treat"
broadly includes amelioration and/or  prevention of the onset of the
symptoms or severity of a particular condition; for  example reduction in
leukocyte infiltration or eosinophilia, lesions, or preventing or  otherwise
reducing the risk of developing an allergic response, or disease symptom.
19 WO 2005/107736 PCT/NZ2005/000096  The term "treat' also broadly includes
the maintenance of good respiratory health for  sensitive individuals and
building stamina for disease prevention. 



It should be understood that a person of ordinary skill in the art will be
able  without undue experimentation, having regard to that skill and this
disclosure, to  5 determine an effective amount of a composition of this
invention for a given condition. Various aspects of the invention will now
be illustrated in non-limiting ways by  reference to the following examples.
EXAMPLES  Mice 10 Eight to nine week old male and female C57BL/6 mice
(University of Auckland,  New Zealand) were kept on an ovalbumin (OVA)-free
normal mouse chow diet from  weaning up until they were assigned to a
particular diet (control or experimental diet).  Each diet group (n = 6)
contained an equal number of male and female mice.  Throughout the study
period mice were kept in an air-conditioned room with controlled  15
humidity, temperature, and a 12h light:dark cycle. Diets CLA-enriched milk
fat was prepared by supplementary free fatty acid feeding of  pasture fed
cows according to the method of Harfoot et al (32). The experimental diets
were prepared using as a base the powdered AIN-93G formulation (33). 20
Healthy control mice were maintained on an unmodified AIN-93G diet and/or
mouse chow. Soybean oil (which contains no CLA) was the dietary fat source
in the  AIN-93G diet. The final fat content of all treatment diets used in
the Examples was  maintained at the same level as the fat content of the
control AIN-93G diet by reducing  the soybean oil content of the treatment
diet as required. 



25 For Examples 1 to 3, two treatment diets were prepared where the AIN-93G
diet  was supplemented with 5% w/w of either normal milk fat or CLA-enriched
milk fat,  20 WO 2005/107736 PCT/NZ2005/000096  and the soybean oil content
reduced such that the total fat content of the diets was  unchanged. For
Examples 4 to 6, nine treatment diets were prepared where the AIN-93G diet
was supplemented by 0.5%, 2% or 7% (w/w) with one of normal milk fat, CLA- 5
enriched milk fat, or normal milk fat spiked with a synthetic CLA product
derived from safflower oil ("syn-CLA"), and the soybean oil content reduced
such that the total fat  content of the diets was unchanged. For Example 8,
five treatment diets were prepared where the AIN-93G diet was  supplemented
with 0.07% (w/w) of synthetic c-9, t-11 CLA in free fatty acid or  10
triglyceride form, synthetic t-10, c-12 CLA in free fatty acid or
triglyceride form (Indofine Chemical Co., Hillsborough, NJ), and the soybean
oil content reduced such  that the total fat content of the diets was
unchanged. The compositions of the normal milk fat, CLA-enriched milk fat
and syn-CLA  spiked milk fat used in the treatment diets are summarised in
Tables I to 2. Data in  15 Tables 1 to 2 was obtained using FAMES, extended
FAMES, CLA and milk fat  analyses known in the art. Table 1 - CLA content of
treatment diets Component Normal CLA-enriched syn-CLA spiked  



(% w/w) (% w/w) (% w/w)  CLA-9,11 o-9, t-11 CLA 1.17 5.04 2.37  CLA-A 0.1
0.4 0.09  CLA-10,12 t-10, c-12 CLA - - 1.29  CLA-B 0.09 0.21 0.11  CLA-C +
c20:1 0.13 0.00 0.23  CLA-C' 0.00 0.15 0.00  CLA-D 0.1 0.25 0.13  CLA-E 0.13
0.29 0.25 TOTAL CLA (all forms) 1.59 6.34 4.24  Ratio 9,11 to Total 73.58
79.50 55.90  Ratio 10,12 to Total 0.00 0.00 30.42  21 WO 20051107736
PCT/NZ2005/000096  Component Normal CLA-enriched syn-CLA spiked (% w/w) (%
whir) (% w/w)  TOTAL CLA/milk fat 1.59 6.34 4.24  9,11 CLA/Milkfat 1.17 5.04
2.37  10,12 CLA/Millcfat 0 0 1.29 Note: CLA-A to CLA-E are cl8:2 isomers of
CLA and include cis-trans, trans-cis and  trans-trans. An entry of "-" means
the isomer was present in an amount below the  quantitation limit. 



Table 2 - Extended fatty acids as determined by FAME analysis Fatty Acid
Normal CLA enriched syn-CLA spiked  (% w/w) (% w/w) (% w/w)  c4:0 3.2 3.2
3.48  c6:0 2.3 1.7 2.16  c8:0 1.3 1 1.22  C10:0 2.8 2.2 2.66  C10:1 0.3 0.2
0.29  c12:0 3.2 2.5 3.07  02:1 0.2 0.1 0.07  c13:0br 0.1 0 0.08  c13:0 0.1
0.1 0.08  c14:O br 0.2 0.1 0.14  c14:0 10.9 9.1 10.53  c14:1 0.9 0.8 0.9
c15:0 iso br 0.4 0.3 0.36  clS:0 ante-iso br 0.6 0.6 0.54  c15:0 1.3 1.2
1.28  cl6:Obr 0.2 0.2 0.22  c16:0 30.6 19.7 29.97  c16:1 1.8 3 1.68  c17:0
iso br 0.6 0.6 0.51 



c17:0 ante-iso br 0.4 0.5 0.4  c17:0 0.8 0.5 0.89  22 WO 2005/107736
PCT/NZ2005/000096  Fatty Acid Normal CLA-enriched syn-CLA spiked (% W/W) (%
W/W) (% W/W)  c17:1 0.3 0.3 0.27  c1S:0 10.5 4.6 10.25  C18:1 n-9 16.6 11.9
16.5  c18:1 n-7 4.7 22.9 4.68  c18:2 n-6 1.4 2.1 1.29  c18:3 n-3 0.8 0.4
0.73  c18:2 conj (CLA) 1.2 5.3 2.56 c 18:4 + CLA isomers 0 0 1.41  c20:0 0.2
0.1 0.04  c20:1 n-11 0.1 0.1 0.14  c20:l n-9 0 0.1 0  c20:2 n-6 0 0 0  c20:3
n-3 0.1 0 0.05  c20:4 n-6 (AA) 0.1 0 0.06  c20:3 n-3 0 0.1 0  MA n-3 0.1 0.2
0.04  



c20:5 n-3 (EPA) 0.1 0.2 0.08  c22:0 0.1 0.1 0  c22:1 n-13, n-11 0 0.1 0
c22:2 n-9 0 0 0  c22:4 n-6 0 0 0  c22:5 n-3 0.1 0 0.09  c24:0 0 0 0  c22:6
n-3 (DRA) 0 0 0  c24:1 0 0 0  Note: cl8:1 n-7 provides an estimate of the c
l8:1 trans fatty acid content Fresh diet was provided biweekly, and mice had
free access to food and water  throughout the study. The body weights of
both female and male mice remained  relatively constant irrespective of
which diet they were fed , differing by no more than 5 22%. Any differences
in net weight gain were not statistically significant, except the  23 WO
2005/107736 PCT/NZ2005/000096  body weights of nudes fed the lowest dose of
CLA-enriched milk fat were slightly  increased (P < 0.05) compared to those
of males fed the highest levels of CLA-enriched  milk fat and syn-CLA-spiked
milk fat. Male mice were generally 11 to 50% heavier  than female mice. 5
Sensitization and allergen exposure protocol Body weights were determined,
and blood samples collected via the tail vein,  



prior to assignment of mice to particular diets. After two weeks on an
assigned diet mice  were immunized with two intraperitoneal (i.p.)
injections of 20 g of OVA (chicken egg  albumin grade V; Sigma Chemical Co.,
St Louis, MO) complexed with 2 mg of hnject 10 Alum (A1(OH)3/Mg(OH)2; Pierce
Rockford IL) in a total volume of 100 p1 of PBS on  days 0 and 14. Two weeks
after the 2nd injection mice were anaesthetized by i.p.  injection of a
mixture of ketamine and xylazine (Phoenix, Auckland, New Zealand), and
challenged intranasally with 100 g of OVA in 50 l of PBS. Undiseased control
mice  were immunized and challenged with PBS using a similar regime. Body
weights were 15 determined, and blood, bronchoalveolar lavage (BAL) fluid,
and lung tissue samples  were collected 6 days after the intranasal
challenge. Blood was collected by cardiac  puncture after deeply
anaesthetizing mice by i.p. injection of a mixture of ketamine and
xylazine. Serum was separated from blood samples, and stored at -80C.
Assessment of inflammatory cell infiltration into the lung 20
Bronchoalveolar lavage was performed immediately after euthanasia by
flushing  lml of PBS containing 1% heat inactivated fetal calf serum (lavage
buffer) thrice  through the lung and airways of mice via the cannulated
trachea. The recovered BAL  was pooled for each animal, centrifuged at 1,500
rpm at 4C, and the supernatant stored  at -80C. The cell pellets were
resuspended in I ml of lavage buffer, and total cell 25 numbers were counted
using a hemocytometer. BAL cells were centrifuged onto poly- L-lysine-coated
glass slides using a cytospin, and stained with Diff-Quik stain (Dade
Behring Inc. USA). Differential cellular counts were made by counting ? 300
cells  under light microscopy (Nikon E200 microscope), using standard
morphological  



criteria. 24 WO 2005/107736 PCT/NZ2005/000096  Histochemistry Following BAL,
the right lobes of lungs were immediately frozen in dry ice and  stored at
-80C for protein and Western blot analysis. The left lobes of lungs were
fixed  in 4% paraformaldehyde in 0.1 M PBS (pH 7.4) overnight and embedded
either in 5 optimum cutting temperature compound (OCT, Tissue Tek) and kept
frozen at -80C  until cryosectioning for immunohistochemistry, or in
paraffin for routine  histopathological analysis. Some were stained with a
combined hematoxylin-Biebrich  Scarlet solution by Luna's method for
eosinophils to detect eosinophil granules (34) or  with Alcian Blue-Periodic
Acid Schiff for the detection of acid and neutral mucins and  10
identification of goblet cells. Measurement of OVA-specific immunoglobulins
OVA-specific IgGI in serum samples was measured by standard ELISA  employing
96 well microtitre plates (Nunc Maxisorp). Plates were coated with 100 p1 of
0.1 M carbonate buffer, pH 9.5, containing 10 Vg/ml of OVA (Sigma) overnight
at 4C. 15 After 3 washes with PBS-T (PBS with 0.05% Tween-20) plates were
blocked with 200  p1 of 3% BSA in PBS, pH 7.2, at room temperature for 90
min. One hundred microlitres  of each serum sample (diluted 1:40) was added
in triplicate to the wells, and incubated  for 2 h at 37C. Wells were washed
four times with PBS-T and 100 pl of goat anti- mouse IgGl-HRP conjugated
antibody (Bethyl Laboratories, USA) was added at 



20 1:50,000 dilution. Plates were incubated for 1 h at 37C, washed 5 times
with PBS-T,  and 100 Id of peroxidase enzyme substrate o-phenylene diamine
(OPD, Sigma  Chemical Co, St Louis, Mo) was added to each well. The colour
reaction was stopped  after - 20 min by addition of 50 pl of 4 M H2SO4 to
each well. Absorbance was read at  490 nm in a BioRad microplate ELISA
reader. Positive and negative sera were used as  25 controls. OVA-specific
IgE was measured as for OVA-specific IgGI except serum  samples were diluted
1:5, and OVA was coated on plates at 100 pg/ml (35). A biotin- conjugated
rat anti-mouse IgE monoclonal antibody (diluted 1:200; Pharmingen, San
Diego, California) was used to detect OVA-specific IgE antibody, and was
detected  30 with avidin-HRP conjugate (diluted 1:250) followed by
development with OPD. 25 WO 2005/107736 PCT/NZ2005/000096  Statistical
analysis Data are expressed as the mean + SEM, and statistical significance
was  determined by the Student's t test. A value of P < 0.05 was taken as
significant. Results  5 Example 1: Feeding of a milk fat diet enriched In
c-9, t-11 CLA diminishes  leukocyte infiltration into the lungs of
allergen-challenged mice. Mice were fed one of three diets, namely a control
AIN93G diet, a CLA- enriched milk fat diet containing 5.04% of the milk fat
fatty acids as c-9, t-11 CLA and  ( a normal milk fat diet containing 1.17%
of the milk fat fatty acids as c-9, t- II CLA. 



10 After two weeks on each assigned diet, mice were immunized by i.p.
injection with 20  g of OVA, followed two weeks later by a further OVA
injection. Two weeks after the  2nd injection mice were challenged
intranasally with 100 jig of OVA, and leukocytes  that had infiltrated the
lung were collected by BAL six days later. The allergen  challenge led to a
massive increase in the leukocyte content of the lungs of mice fed the 15
control AIN93G diet, and the normal milk fat diet (Figure IA). The
CLA-enriched milk  fat diet had a suppressive effect on allergen-induced
accumulation of leukocytes into the  lung. Total BAL cell counts were
reduced by 72 (P < 0.01) and 75% (P < 0.05),  respectively, compared to
those obtained from mice fed the control AIN93G diet, and  the normal milk
fat diet (Figure IA). The CLA-enriched milk fat diet suppressed the 20
accumulation of eosinophils by 88 (P < 0.01) and 93% (P < 0.05),
respectively,  compared to the numbers of eosinophils in the BAL of mice fed
the control AIN930  diet, and the normal milk fat diet (Figure 1B). The
decrease in eosinophils was  accompanied by a marked 61 (P < 0.01) and 35%
(P > 0.05) reduction in the numbers of  monocytes/macrophages, and a similar
61 (P <0.05) and 64% (P < 0.05) reduction in the 25 numbers of lymphocytes,
compared to the numbers of monocytes/macrophages and  lymphocytes in the BAL
of mice fed the control AIN93G diet, and the normal milk fat  diet,
respectively (Figure 1B). The BAL from healthy PBS-treated control mice had
a  very low cellular content (Figure IA) comprised almost entirely of
monocytes/macrophages (Figure 1B). Neutrophil numbers in the BAL were very
low  26 WO 20051107736 PCT/NZ2005/000096  



irrespective of the type of diet, and did not increase significantly
following allergen  challenge, and hence were not further analysed. Example
2: CLA-enriched milk fat induces cytolysis of BAL eosinophils, and
clearance of eosinophil debris by monocytes/macrophages. 5 Eosinophil
cytolysis and degranulation are characteristic features of asthma in
humans, and are believed to play a role in causing tissue damage due to the
release of  cytotoxic granule contents (36). However, eosinophils have not
been convincingly  demonstrated to undergo cytolysis or degranulation in the
common mouse models of  asthma In accord, the eosinophils in the BAL of
OVA-challenged mice fed the control 10 AIN930 diet were perfectly normal in
appearance. In contrast, those of OVA- challenged mice fed the CLA-enriched
milk fat diet had often undergone cytolysis, as  evidenced by chromatolysis,
loss of plasma membrane integrity, and release of  membrane-bound specific
granules that were visualized as clusters of free eosinophil  granules
(cfegs). Cfegs were often seen to have been phagocytosed by 15
monocyte/macrophages, with some macrophages containing up to six cfegs. Some
macrophages were heavily vacuolated suggesting they may have engulfed
eosinophil  plasma membrane fragments. In contrast, eosinophils in the BAL
of OVA-challenged  mice fed the normal milk fat diet had a normal
morphology. Example 3: CLA-enriched milk fat diminishes allergen-specific Ig
responses. 20 Challenge with allergen led to a massive increase (P < .001)
in the levels of  OVA-specific IgE (Figure 2A) and OVA-specific IgGl (Figure
2B) in the sera of mice  fed the control AIN93G diet, and the normal milk
fat diet. The CLA-enriched milk fat  



diet suppressed the increase in OVA-specific IgE by 30 (P < 0.05) and 55% (P
< 0.001),  and OVA-specific IgGl by 45 (P < 0.05) and 48% (P < 0.01),
respectively, compared to 25 levels in the sera of mice fed the control
AIN93G diet, and the normal milk fat diet.  Example 4: CLA-enriched milk fat
blocks leukocyte infiltration at low doses, and  is superior to a synthetic
seed form of CLA ("syn-CLA"). Two previous publications reported that
feeding of an approximately equal  mixture of synthetic cis-9, trans-11 and
trans-10, cis-12 isomers of synthetic seed CIA  27 WO 2005/107736
PCT/NZ2005/000096  (0.25 g CLA/100 g of diet) for one to two weeks prior to
and during OVA sensitization  reduced allergen-induced histamine and PGE2
release from allergen-sensitized guinea  pig tracheae (23,24), but did not
affect allergen-induced tracheal contractions (23). The  lack of an effect
on tracheal contraction and the decrease in PGE2, which is an inhibitor 5 of
the early and late bronchoconstrictor response to inhaled allergen (37),
suggests that  synthetic seed CLA has the potential to exacerbate the
symptoms of asthma. To test the  latter possibility, and to compare the
effectiveness of different doses of CLA-enriched  milk fat with synthetic
seed-derived CLA, mice were fed diets composed of CLA- enriched milk fat,
normal milk fat, and normal milk fat spiked with syn-CLA, where the 10 milk
fat content of each diet ranged from 0.5, 2, and 7%. The CLA-enriched milk
fat  used in the study was composed of 6.34% CLA (w/w), thus each of the
latter three  CLA-enriched milk fat diets contained 0.032, 0.13, and 0.44%
CLA (w/w). The normal  milk fat used in the study was composed of 1.59% CLA
(wlw), thus each of the latter  



three normal milk fat diets contained 0.008, 0.032, and 0.113% CLA (w/w).
The syn 15 CLA-spiked normal milk fat used in the study was composed of
1.59% milk CLA and  2.65% syn-CLA to give a total of 4.24% CLA (w/w), thus
each of the latter three syn- CLA-spiked normal milk fat diets contained
0.008, 0.032, and 0.113% milk CLA, and  0.0132, 0.052 and 0.182% syn-CLA, or
0.021, 0.081 and 0.294% CIA in total (w/w).  The OVA sensitization and
challenge, and feeding regime, were as described above. 20 Allergen
challenge led to large numbers of leukocytes infiltrating the lungs of  mice
fed the normal milk fat control diet (Figure 3A). The cellular content of
the BAL  increased with increasing doses of milk fat in the diet. Thus,
there was a 43% increase  in the numbers of leukocytes in the BAL of mice
fed a 7% milk fat diet versus those fed  a 0.5% milk fat diet. Once again,
the CLA-enriched milk fat diet had a suppressive 25 effect on
allergen-induced accumulation of leukocytes into the lung. Total BAL cell
counts for mice fed the lowest and highest dose of CLA-enriched milk fat
diet were  reduced by 38 (P < 0.05) and 56% (P < 0.05), respectively,
compared to those obtained  from mice fed the lowest and highest dose of
normal milk fat diet, respectively (Figure  3A). The cellular content of the
BAL did not increase with increasing doses of CLA 30 enriched milk fat. In
contrast, the lowest dose of syn-CLA-spiked milk fat had no  apparent
therapeutic benefit as the cellular content of the BAL was similar to that
obtained by feeding normal milk fat. Increased doses of syn-CLA-spiked milk
fat  28 WO 2005/107736 PCT/NZ20051000096  increased the cellular content of
the BAL by 70% (P < 0.01) compared to low doses of  



syn-CLA-spiked milk fat, and by 30% (P > 0.05) compared to the highest does
of  normal milk fat. The cellular content of the BAL of mice fed the
CLA-enriched milk fat diet was  5 greater than that of undiseased control
mice, hence the leukocytes in the BAL were  phenotyped to determine the
relative numbers of leukocyte subsets, in particular the  numbers of
potentially pathogenic eosinophils (Figure 3B). The BAL of mice fed the
normal milk fat and syn-CLA-spiked milk fat diets contained high numbers of
monocytes/macrophages and eosinophils in almost equal proportions, and
lesser but 10 nevertheless high numbers of lymphocytes. The BAL of mice fed
high doses of syn- CLA-spiked milk fat were found to contain the highest
numbers of eosinophils, in  accord with the high cellular content of the
BAL. In marked contrast to the latter two  diets, CLA-enriched milk fat
skewed the leukocyte profile in favour of  monocytes/macrophages that are
almost the sole residents of the lungs of healthy mice. 15 Thus, whereas the
macrophage content of the BAL of mice fed low doses CLA-enriched  milk fat
diet was similar to that of mice fed a corresponding amount of the other two
diets, the eosinophil and lymphocyte content was reduced by 87 to 90 (P <
0.01 to  0.001), and 56 to 68% (P < 0.01 to 0.05), respectively. The
eosinophil and lymphocyte  content was reduced by 76 to 84% (P < 0.01 to
0.05) and 64 to 65% (P < 0.01), 20 respectively, when a comparison was made
of the effects of the highest doses of each  diet. { Example 5: CLA-enriched
milk fat inhibits airway changes including leukocyte  infiltration,
bronchoconstriction, airway epithelial cell hypertrophy, goblet cell  



metaplasta and mucous secretion. 25 As in humans, the airways of
OVA-sensitized mice undergo major pathologic  changes following challenge
with allergen (36). Such changes were epitomized in  asthmatic animals fed
the normal milk fat and syn-CLA-spiked milk fat diets. Tbus, in  addition to
massive peribronchial and perivascular infiltrates of leukocytes, there was
marked epithelial cell hypertrophy, and goblet cell metaplasia. Furthermore,
the alcian 30 blue-periodic acid Schiff double staining method showed that
the airway epithelial  content of neutral mucopolysaccharides stained "red"
with Schiffs reagent increased  29 WO 2005/107736 PCT/NZ2005/000096
dramatically in response to allergen challenge. In marked contrast, similar
changes to  the lungs of allergen challenged mice fed the CLA-enriched milk
fat diet were minimal.  Only traces of neutral mucopolysaccharides were
evident. The level of Schiff reagent staining of the epithelium in the
airways was semi- 5 quantitatively determined and recorded as the mucus
index score (Table 3). All three  precentages of CLA-enriched milk fat
significantly inhibited (51 to 66%) mucus  production. The syn-CLA-spiked
milk fat diets had no significant effect. Table 3 - Mucus index scores Diet
group Mucus index score P value (Mean :k SEM) (Compared to other Diet Group)
Control AIN-93 G 3.54 th 0.23 Al (0.5% CLA enriched 1.74 th 1.36 P<0.05 (A6,
A9, Control AIN-93G)  



milk fat) A2 (2% CLA enriched milk 1.2 4:1.01 P<0.05 (A8) fat) P<0-01 (A9,
Control AIN-93G)  P<0.001 (A6) AS (7% CLA enriched milk 1.5211.43 P<0.05
(A6, A9, Control AIN-93G))  fat) A4 (0.5% synthetic-CLA- 2.53  1.47 NS
spiked milk fat) AS (2 %o synthetic-CLA- 3.0811.10 NS  spiked milk fat) A6
(7% synthetic-CLA- 3.66 0.372 NS  spiked milk fat) 10 The level of Schiff
staining of airway epithelia was semi-quantitatively  determined to give a
mucus index score as described (38), but modified in that Schiff  staining
was scored by microscopic viewing of airways. A minimum of 4 to 6
representative transversely or sagittally sectioned airways were graded per
animal using  a scale of 0 (no staining), 1 (25% or less of the airway
epithelium stained), 2 (26-50% 15 of the airway epithelium stained), 3
(51-75% of the airway epithelium stained), and 4  30 WO 2005/107736
PCT/NZ2005/000096  (75% of the airway epithelium stained). Airways were
analysed only when the complete  circumference of the airway could be
visualized, and those that opened directly into an  



alveolar space were not included. The bronchial airways of mice fed the
CLA-enriched milk fat diet appeared to  5 be less constricted than those of
mice fed the other two diets. The airways of mice fed  the CLA-enriched milk
fat diet were more similar to those of undiseased mice. There  were
considerably less eosinophils in the lungs, and those present showed signs
of  cytolysis. Macrophages could be detected that had engulfed large numbers
of cfegs in  common with the situation in the BAL. In contrast, blood smears
established that 10 eosinophils at peripheral sites had a normal morphology.
Changes to the lung were  scored for inflammation,
perivascular/peribronchiolar infiltrates, beneficial presence of  phagocytic
macrophages, airway epithelial hypertrophy, goblet-cell hyperplasia,
constriction of bronchioles, and mucus hypersecretion to give an overall
histopathology  score (Table 4). The above results indicate that
CLA-enriched milk fat is able to inhibit  15 both allergen-specific
remodelling and inflammation of the lung. Table 4 - Histo atholo scores of
lung airway changes  Histopathology score P value Diet Group (Mean f SEM)
(Compared to other Diet  Groups)  Healthy mice (not OVA 0.0510.04
challenged)  Control AIN-93G 3.82:b 0.18  (OVA challenged) Al (0.5%
CLA-enriched 1.36:k 0.76 P>0.05 (A2, A3)  



milk fat) P<0.05 (A4)  P<0.01 (A5-A7) P<0.001 (A8, A9, Control AIN- 93G) A2
(2% CLA-enriched 1.85  0.52 P>0.05 (Al, A3)  milk fat) P<0.05 (A4)  P<0.01
(A5) P<0.001 (A6-A9, Control AIN- 93G) 31 WO 2005/107736 PCT/NZ20051000096
Histopathology score P value Diet Group (Mean t SEM) (Compared to other Diet
Groups)  A3 (7% CLA-enriched 1.68  0.72 P>0.05 (Al, A2) milk fat) P<0.05
(A4)  P<0.01 (A5-A8) P<0.001 (A9, ControlAIN-93G)  A4 (0.5% normal milk 3.25
0.73 NS (not significantly less) fat)  A5 (2% normal milk fat) 3.35 f 0.40
NS  A6 (7% normal milk fat) 3.87  0.15 NS  



A7 (0.5% syn-CLA- 3.62  0.22 NS  spiked milk fat) A8 (2 % syn-CLA- 3.72 t
0.46 NS  spiked milk fat) A9 ( 7% syn-CLA- 3.78 f 0.16 NS  spiked milk fat)
The histopathology score was determined from inspection of alcian blue-PAS
stained paraffin embedded sections of the left lung of each animal. Lung
inflammation,  perivascular/peribronchiolar infiltrates, airway epithelial
hypertrophy, goblet-cell 5 hyperplasia, constriction of bronchioles, mucin
hypersecretion, and beneficial presence  of phagocytic macrophages were
graded on a scale of 0 (no change) to 4 (marked  change). Each animal
received an overall histopathology score based on summation of  individual
scores for each criteria. All slides were scored in a blinded fashion
(blinded  to diet treatment/group assignment), and scores were presented as
the mean f SEM of  10 4-6 animals/group. Example 6: CLA-enriched milk fat
displays no apparent organ toxicity, whereas  high levels of syn-synthetic
seed CLA-spiked milk fat induces fatty liver disease.  Visual analysis of
the spleens and livers of mice fed high doses of milk fats indicated there
were no obvious signs of toxicity, except in the case of mice fed high  32 


