METHOD OF USING B-HYDROXY-B-METHYLBUTYRATE

TECHNICAL FIELD
[06004] The present invention relates to a method of trealing individuais with -

hydroxy-B-methylbutyraie (HMB) to modulate cytokine production.

BACKCROUND OF THE INVENTION
[0002] Aliergies and asthma in the industrialized world have increased in prevalence

and severlty aver recent years, Asthma is now, in fact, the most common chronic
lilmess among children.

f0003] Much is known about the pathogenesis of allergies and asthma. Both are
immune-based diseases, Both are assodiated with an imbalance in the relative levels
of type-1 and type-2 cytokines in the body. K has been observed that individuals with
allergies or asthma have z higher reiative ratio of type 2 to type1 cyiokines. Kis
beligved that this skewed ratio then contributes to the pathogenesis of allergies and
asihma.

(0004} in general, cyiokines are cell-produced regulatory proteins that influence, in
paracring or gutocrine feshion, cell function. They are produced by immune cells and
are therefore catsgorized by their inducible function and the csll types invoived in the
regponse.

0008 Type 1 cytokines, for example, elicit or augment primarily cell-mediated
immune responses against pathogens. Type 1 cyvtokings are involved in
inflammatory résponses, viral immunity, intraceliular parasite immunity and aflograft
reiection. Type 1 cylokines inciude interleukin 2 (IL-2), interieukin 12 (fL-12), and
interferon y (IFNy). Type 1 cviokines can supprass the production of type 2
cytokines.

[0008] Type 2 cyiokines, by contrast, elicit or augment primarily antibody-mediated
immune responeses againet pathegens. Type 2 oytokines are involvad in humoral
responses, heiminth immunity, and allergic responses. Type 2 cylokines inciude
interleukin 4 (IL-4), interleukin 5 (IL-5), interleukin 10 (IL-10), and interieukin 13 (JL-
13). Type 2 cyickines can suppress the production of type 1 cytokines.



[el07] Given the association betweaen cytokine imbalance in aliergies and asthma, it
is believed that therapies directed to the normalization of the ratic of type 1 to type 2
cytokine levels will help treat or even prevent such diseases. To that end, i has now
been discoverad herain that p-hydroxy-8-methylbutyrate (HMB) exposure {(in viiro)
increases the relative ratio of type-1 {o type-2 cytokines in stimulated peripheral
biood mononuciear cells (PBMC), thus providing a potential new therapy for treaﬁi'ng
individuals having or at risk for deveioping allergies and asthma.

[00R8] As a commercially available ingredient, HMB is found in 2 variety of
nutritional producis. it is also a metabolite of the essential amino acid leucine and is
therafore found naturally in the human body. HMB is also found in a varisty of plants,
including citrus fruils and alfaifa, as well as in caffish. it is also known and used for a
variety of purposes, inciuding to bulid or maintain muscle mass in appropriate
individuals and to enhance overall immune funclion.

10008} To date, however, there have been ne reports on the effect of HMB in
moduiating type 1 and type 2 cyickine ‘producﬁon nor any disclosure of the use of
HMB o affect cyviokine imbalance in freating conditions responsive thereto, including
allergies and asthma.

Summary of the lnveniion

[G0t0] The methods of the present in\(ention are directed to the modulation of type 1
tc fype 2 cytokine lavels in the body in those individuals afflicted with conditions
characterized by a corresponding cytokine imbalance, to thus provide treatment of
the underlying condition. Most notable among such conditions are allergies and
asthma.

[0011] A first embodiment of the prasent invention is a method of treating an
individual having a condition characterized by a relative imbalance of type 1 to type 2
eytoking levels in the body, wherein the method comprises the administration to the
individual of an effective amount of B-hydroxy-g-methyibutyrate io thus modulate the
imbalance, typically by increasing the relative levels or production of type 1o type 2
cytokines, The present invention ingludes those embadiments in which the condition
is asthma, allergies, or both.



j0012] A sescond embodiment of the present invention Is 2 method of treating an
Individual having or at risk for deveioping allergies, the method comprising the
administration fo the individua! an effective amount of B-hydroxy-B-methylbutyrate
(HMB).

[0013] A third embodiment of the present invention is a method of ireating
individuals having or at risk for developing asthma, the method comprising the

administration 1o the individua! an effective amount of B-hydroxy-B-methylbutyraie
{HMB).

[0014] A fourth embodiment of the present invention is a method of treating elderly
individuals at risk for developing age-related infections, the meathod comprising the
administration to such individuals an effective amount of B-hydroxy-B-methylbutyrate
(HMB).

[0014a] In another embodiment, there is provided the use of B-hydroxy-B-methytbutyrate in
the manufacture of a medicament to treat an individual having or at risk of developing an
allergy characterized by an imbaiance in type 1 and type 2 cytokine levels, wherein the B-

hydroxy-B-methylbutyrate modulates the imbalance in type 1 and type 2 cytokine production.

[0015] The present invention is based upon the discovery that peripheral blood
mononuciear ceils {PBMC) stimutated with the T celt stimulus CO3/CG28 and
simultaneocusly exposed to HMB exhibit a shif in type 1 and type 2 cytokine
production, favoring type 1 cytokine production. The ghift ocours as HMB exposurse
increases the production of type 1 cytokines such as interferon-y (IFNy), Interfeukin
12 (IL-12), and inferleukin 2 {JL-2}, without a corresponding increase in the
production of type 2 cytokines such as interleukin 4 {iL-4}, interleukin 5 (1L-5),
interdeukin 10 (1L-10), and interlaukin 13 {L-13).

Brief Description of the Drawinas
10016} Fig. 1 summarizes experimental data showing the effect of HMEB on type 1
cytokine (IL-2, 1L-12, IFNy, TNFq, GM-CSF) production from peripheral blood
mononuclear cells simultaneously stimulated with CD3/CD28 for 24 hours (*p<0.05,
paired sample, 2 talled {-test, comparison to no HMB).

00473 Fig. 2 summarizes experimental dats showing the effect of HMB ontype 2
cytokine (iL-4, 1L-5, 1L-10, IL-13) production from peripheral blood monanuclear cells
simultaneously stimulated with CD3/CD28 for 24 hours (*p<0.05, paired sampie, 2
tailed t-test, comparison o no HME).

(0018} Fig. 3 summarizes experimentat data showing the effect of HMB on the ratio
cytokine type 1 (IL-2) to type 2 cytokines (IL-4, 15, 1L-13, It-10) from perigheral
3 .
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bload mononuciear cells simutianecusly stimulated with CD3/CD28 for 24 hours
(*p<0.08, pairad sampie, 2 tailed t-fest, comparisen to no HMB)

[0013] Fig. 4 summarizes experimenial data showing the effect of MMB on the ratio
cytokine type 1 (IL-12) {o type 2 oyickines (IL-4, IL-5, 1L-13, IL~10} from peripharal
biood mononuclear celis simultaneously stimulated with CD3/CD2B for 24 hours
(*0=0.05, paired sample, 2 tailed t-test, compearison to no HME)

{0020} Fig. 5 summarizes experimanial data showing the effect of HMB on the ratio
cytokine type 1 (IFNy) to type 2 cytokines {iL-4, IL-5, IL-13, iL-10} from peripheral
blood mononuciear celis simulfansously stimulated with CD3/CD28 for 24 hours
(*p<0.05, paired sample, 2 tailed i-test, comparison to no HMB)

Detaited Descripiion
{8024] The methods of the present invention comprise the administration of zn

effective amount of B-hydroxy-B-methylbutyrate (HMB) to an individual in nesd
thareot in the manner and for the purposes described hersin. Thess and other
assential or optional elements or features of the methods of the present invention are
describad in detail hereinafter.

fo8221 The terms “treating” and “ireatment” as uged herein, uniess piherwise
specified, includes preventing a comndition, delaying the onsst of a condition, reducing
the severity of symptoms of a condition, or eliminating some or all of the symptoms of
a condition.

[0G23] The term “ameliorate” as ussed herein, unless otherwise specified, means (o
aliminate, delay, or reduce the prevalence or severity of symptoms assoctated with a
condition.

[06024] The term “condition” as used herein, unless otherwise specified, includes
pathoiogical and non~-pathological conditions, all of which are characterized by an
aberration or imbalance in the relative amounts of type 1 to type 2 cytokines.

[0025] The term "elderly Individual' as used herein, unless otherwise specified,
means someone more than 60 years old, preferably more than 70 years old.

{002€] The term "modulate” as used herein, uniess otherwise specified, means to

reduce the imbalance (i.e., imbalance associated with a condition) of type 1 to type 2
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cytokine leveis in the body, or o stherwise increass the ratio of type 1 {o type 2
cvickines, including an increase in type 1 cyvioking levels without a corresponding
increase in type 2 cytokine levels.

(90277 All percentages, parts and retios as uged herein are by weight of the total
composition, uniess otherwise spadcifisd. All such weights as they periain to listed
ingredianis are based on the aclive level ang, therefore, do not includs solvents or
by-products that may be includsd in commercially avallable materials, uniess
aotherwise specified.

{0028] Al numerical ranges as used herein, whether or not expressly preceded by
the term "about’, are intended and understood to be preceded by thal term, unless
otherwise spedified,

f00629] All references to singular characteristics or limitations of the presert invention
shall include the corresponding plural characteristic or limitstion, and vice versa,
unless othaerwise speciiied or clearly implied to the conirary by the context in which
‘the reference is made.

{00381 Al combinations of method or process steps as used hersin can be
perfformed in any order, unless otherwise specified or clearly implied to the contrary
" by the context in which the raferenced combination is made.

10031] The methods of the present invention may also be substantially free of any
optional or selected essential feature deseribed herein, provided that the remaining

method still contains ali of the required fimitations as described herein.

Embodimenis

0032 We now turn to the first embodiment of the present invention.  Gonditions
included within the first embadiment of the present invention include allergy, asthma,
‘solid tumors, cancers including advanced ovarian cancer and melanoma, kidney
turnors, and streas, inciuding psychological stress after a burn injury, surgical stress
and pre-surgical stress. The meathods are especially useful in treating aliergy,
asthma, or both.

[BO33] With respect to sliergy and asthma, elevated levels of IL-4, & type 2 cvicking,
have been associated with the promotion or aggravation of allergy and asthma.
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Therefore, the first embodiment of the present invention, which is directed io a
method of treating an individual having 2 condition comprising administering to the
individual an amount of HMB effective to modulate or otherwise cause an increase in
type 1 cytokine levels without a corresponding increase in type 2 cytokine levels, can
treat individuals suffering from the symptoms of aliergy and asthma because the
increase in type 1 cytokines will serve to promote a balanced type 1o type 2
cytoking profile.

[0034] With respect to cancers, including advanced ovarian cancer, studies have
shown that the direct injection into the abdominal cavity of the type 1 cylokine IFN-y
may prelong the survival time for women with advanced ovarian cancer. This
treatment has been shown to be effective both during the initial chemotherapy as wall
as after chemotherapy for individuals in whom chemotherapy has failled. Therefors,
the first embodiment of the present invention, which is directed {0 & method of
treating an individual having a condition comprising agministeting o the individua! an
amount of HMB effective to modulate or otherwise cause an increase in type 1
cytokine levels without a comresponding increase in type 2 cylokine levels, potentiates
treatment of individuals with cancer, inciuding advanced ovarian cancer, because the
method has been discovered {o raise levals of type 1 cytokines, including [FNy.

{0035] VWith respeact to kidney tumors and melarioma, studies have shown ihat
interleukin 2 given as an injection under the skin can treat some kidney tumors and
melanoma. When used as a cancer treatment, it is thought that -2 strengthens the
body's natural defense mechanism and causes some cancer cells to be recognized
and sliminated by immune cells. Therefore, the first embodiment of the present
invention, which is directed to a method of treating an individual having & condition
comprising administering to the individua! an amount of HMB effective 1o modulate or
otherwise cause an increase in type 1 cylokine levels without an increase in type 2
cytokines, potentiates treatment of individuais having kidney tumors or melanoma
because the inventors have discovered that the method of the first embodimant of
the present invention can raise levels of type 1 cytokines, including 1L-2.

{0036] With respect to psychological stress after a burn injury, surgical strass and
pre-surgical siress, studies have shown that stress increases type 2 and suppresses
type 1 oyiokine produciion. The immune system is compromised when individuals
experience stress due o the production of type 2 eytokines and the suppression of

type 1 cytokines that accompany pericds of stress. Therefore, the first embodiment
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of the present invention, which is directed to a method of treating an individual having
a condition comprising administering fo the individual an amount of HMB effective 1o
modulate or otherwise cause an increases in type 1 cytokine leveis without an
increase in {ype 2 cytokines, can treat stress after a bumn injury, surgical stress and
pre-surgical stress because administering to individuals an amount of HMB effective
o increase type 1 cyloking levels without increasing type 2 cytokine levels
accommodates for the cyiokine imbalance associated with siress, The increase In
type 1 cylokines promotes a balanced typet to type 2 cviokine profile in the
individual.

[OD37T The type 1 cyiokines included within the first embodiment of the present
inventlon include interferon-y, interleukin 2, and interieukin 12. The type 2 cytokines
included within the first embodiment of the present invention include interleukin 4,
interleukin 5, interteukin 10, and terleukin 13.

[0038] Some of the protective functions of IFNy include inhibition of viral replication,
stimulation of macrophages and enhancemaent of cell surface molecuies necessary
for self-recognition in an immune response. Additionally, adegquais levels of IFiNy are
required for protection against infection and disease. IFNy also antagonizes several
actions of type 2 cytoking IL-4 and inhibits the proliferation of IL-4 producing celis.
Therafore, the ability {o induce production of IFNy aids in the trestment of ingividuals
with conditions such as those discussed herein. The inventors have discovered that
HMBE can induce the production of IFNy without affeciing the production of type 2
cytokines and therefore the prasent method is effective in treating conditions of the
iype discussed herein,

[0038] Some of the protective functions of IL-2 include inducing proliferation of all T
cells, activated B celig, and natural killer call and enhancing killing of tumor cells by
the induction of tumoricidal oytokines from T cells and natural killer cells. Adequate
levels of IL.2 are aiso required for protection against infection and disease.
Therefore, the ability to induce production of IL-2 aids in the treatrnent of individuals
with condiiions such ae those discussed hersin. The inventors have discovered that
administration of HMB induces the production of {L-2 without increasing the type 2
cytokine levels and therefore the present method is effective in freating conditions of
the type discussed hersin.



[0040] While adequate lavels of type 2 cylokine iL-4 are aiso required for protection
against infection and disease, elevated levels of iL-4 have been associated with the
promotion of aliergies, asthima and stress, Therefore, the ability to reat an individual
having a condition as described hersin is dependeni upon both the ability to induce
the production of type 1 cytokines such as IFNy and 1L-2, but also the abiiity {o not
simultanecusly increase the production of type 2 cytakines, and particuiarly -4, as
increased levels of IL-4 are known io promote allergies, asthma and stress. The first
embodiment of the present invention is directad to a method of treating an individual
having a condition wherein the administration of HMB induces the production of 1L-2
and IFNy without 2 corresponding increase in 1L-4 levals.

10841} Another aspect of the first embodiment of the present invention is directed to
a method of treating an individual havi'ng a condiflon characterized by an imbalance
intype 1 and type 2 cylokines, comprising administering o the individual an amount
of HMB effective to modulate or otherwise cause an increase in type 1 cytokine
levels without a corresponding increase in type 2 cyiokine levels, wherein the amount
of FMB administered is an amount effective to ameliorate allergic symptoms.
Elevaied levels of type 2 cyiokine iL-4 are associated with the promotion of aliergies.
But type 1 cyiokines such as IFNy antagonize several actions of iL-4 and inhibit the
proliferation of iL-4 producing celts. Therefors, the present method is capable of
ameliorating the symptoms of allergies when the amount of HMB administersd {0 an
individuai is an effective amount to promote a balanced type 1 to type 2 cyiokine
profile.

[0042] Similarly, the present invention is directed to a method of reating an
individual having a condition characterized by an imbalance in type 1 and 2
cyiokines, comprising adminisiering o the individual an amourt of HMBE effective to
moduiate or otherwise cause an increass in fype 1 oytokine levels without a
corresponding increase in type 2 cyiokine levels, wherein the amount of HMB
administered is an amount effective {o ameliorate asthmatic sympioms. Elevated
levels of type 2 cytokine iL-4 are associated with the promotion of asthma, But type
1 cyiokines such as IFNvy antagonize ssveral aclions of IL-4 and inhibits the
profiferation of IL-4 producing cells. Therefore, the present method is capable of
ameliorating the symptoms of asthma when the amount of HMB administered to an
individual is an effective amount to promote a balanced type1 to type 2 cyfokine
profile.



[0043] Still another aspect of the first embodiment of the present invention is
directed to a method of treating an individual having s condition characterized by an
imbalance in type 1 and type 2 cytokines, comprising administering to the individual
an amount of HMB effective to modulate or otherwise cause an increase in type 1
eytokine levels without a corresponding increase in type 2 cyliokine ievels, wherein
the amount of HMEB admiristered is an amount effeclive to prevent a dacrease in
FEY,, or the forced expiratory volume in 1 sscond,  Individuals suffering from
savere and persistent asthma display 2 low FEV, percentage value, while thuse who
suffer from only mild and intermittent asthma display a higher perceniage valus,
Thus, in administering an amount of HVIB effeciive to induce the production of type 1
cytokines without inducing the production of type 2 cytokines in order {o decrease the
promoftion of asthma associatzd with imbalanced typet {o type 2 oyiokine profiles,
the present method is capable of preventing a decrease in FEV,.

[0044] individuals who experience only mild and intermitient symptoms of asthma
display a FEV, vaiue of greater than or equal to 80%. Therefore, another aspect of
the first embodiment of the presant invention is directad (o & method of reating an
individual having a condition whare cylokine production is induced, comprising
administaring to the individual an amount of HME effective {o cause an increase in
type 1 cytokine levels without a comresponding increase In type 2 cyloking levels,
whersin the amount of HMB administered is an amount sifective to maintdin basal
FEV, above B0%. In altering the imbalanced type 1 to type 2 cylokine profiles
assocliated with asthms through the method of the first embediment of the present
inveniion, the method is capable of maintaining basal FEV, above 80%.

0045} We now furn fo the second embodiment of the present invention. The
present invention includes a method of treating allergy in an individual having or at
risk for developing aliergy, the masthod comprising the administration to the individuat
an amoutt of B-hydroxy-B-methyibutyrate effective to prevent or ameliorate
symptoms of allergiss, Individuals who are at risk for allergy include those who are
already suffering from allergies and thoss who are genetically or otherwise
predisposed to having allergies,

f0046] The term “aliergies” as used hersin includes hay fever, food allergies, aliergic
conjunctivitis, atopic dermatitis, inhalani (air born allergens) allergy, and other
common aliergies. Such allergies are often associated with exposure 1o aliergens



such as animal danders, pollens, Insect stings or blies, house dust, house dust miies,
muolds, some drugs, and foods, especially fish, eggs, milk and nuts.

[0047] We now turn {o the third embodiment of the present invention., The present
invention includes & msthod of freating asthma in an individual having or at risk for
asthima, the method comprising the administration to the individual of an amourt of fm
hydroxy-B-methylbutyrate effective to prevert or ameliorate asthmatic symptoms.
Individuals who are at risk for asthma include those who are already suffering from
asthma and those who are genetically or otherwise ;:Brediaposed fo having asthma,

[0048] We now turn to the fourth embodirnent of the present invention. The present
invention includes a method of frealing elderly individuals at risk of developing age-
related infections, including both bacterial and viral infections, respliratory and non-
respiratory, the method comprising the adminisiration {0 such individuals of an
amount of B-hydroxy-B~-methylbutyrate effective to reduce the risk or prevalence of
such infections. ’

[6049] An effective amount of HMB, for the purposes of the methods described
hersin, most typically ranges from 0.1 g fo 10 g, including from 0.5 g {0 5.0 g, and
also including from 1.0 g to 3.5 g, of HMB per day. The {oial daily doss may be
agministered as a single, divided, or continuous (or semi-continuous) dose (e.g.,
anteral feeding), every day or on selected infermittent days.

(30501 The methods of the present invention are preferably directed to oral
administration.

FProduct Forms

108511 The meathods of the present invention may be directed to any product form
suitable for the safe administration of an sffective amount of HMB o the targated
population or selected individual, ali in accordance with the methods hersin. Such
products include pharmaceutical dosage forms (e.g., capsules, tablets, liguids,
topicals, eic.} as weil as nuiritional produsts,

[005Z] Nutritional products for use herein further comprise one or more {preferably
all} of fat, protein, carbohydrate, minerals, and vitamins, Such products inciude

solids, liquids, powders, and gels.
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[e0s3] Non-limiting examples of solid nutritional product forms suitabie for use
herein include snack and meal replacement products, including those formulated as
bars, sticks, cookies or breads or cakes or other baked goods, frozen liguids, candy,
breakfast cereals, powders or granulated solids or other particulates, snack chips or
bites, and so forth.

[0054] Non-limiling examples of liquid nuiritional product forms suitable for use
herein include snack and meal replacement products such as those formulated as
uices or other acidifled beverages, milk or soy-based beverages, shakes, coffees,
teas, carbonated baverages, non-carbonated beverages, snieral feeding
compositions, and so forih. These liquid compositions are most typically formuiated
a5 suspansions or emulsions, but can also be formulated in any other sultabls form
such as solutions, liguid gels, and so forth.

[0055] Many different sources and types of profeins, lipids, and carbohydrates are
kriown and can be used In the various nuiritional products described hereln, provided
that the selected nuirients are saie and effective for oral administration and are
compatiblie with the essential and other added ingredients.

[6086] Carbohydrates suitable for use in the nutritionat products may be simple,
complex, or variations or combinations thereof. MNon-limiting examples of suitable
carbohydrates include hydrolyzed or modified starch or comnstarch, mailtodexirin,
glucose polymers, sUCross, o SYrup, com syrup solids, rice-derived carbohydrate,
glucose, fructose, lactose, high fructose corn syrup, indigesiible oligosaccharides
{a.4g., fmctooiigosaccharides), honey, sugar alcohols (&.5., maliitol, erythritod,
sorbitol}, and combinaticns thergof.

[0657] Carbohydrates suitabile for use herein also include soluble distary fiber, non-
fimiting exarmpies of which include gum arabic, sodium carboxymethyi celiuiose, guar
gum, cifrus pectin, low and high methoxy pectin, oat and barley glucans,
carrageenan, psyllium and combinations thereof. Soluble dietary fiber is also
suitable as a carbohydrate source herain, non-limiting examples of which include oat
huil fiber, pea hull fiber, soy hull fiber, soy colyiedon fiber, sugar beet fiber, celiuiose,
com bran, end combinations thereof.

[C058] Proteins suitable for use in the nutritional products include hydrolyzed,
partially hydrolyzed or non-hydrolyzed proteins or protein sources, and can be

derived from any known or otherwise sultable source such as milk (e.q., casein,
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whey), animal (2.g., meat, fish), cereal (e.g., rice, corn), vegsetable (e.q., soy), or
combinations thergof. The proteins for use herein can also include, or be enfirely or
partially replaced by, free amine acids i{nown for use in nuiritional products, non-
limiting examples of which include tryptoshan, glutamine, tyrosine, methionine,
cysteing, arginine, and combinations thereof.

[0659] Fais sullable for use in the nutritiona! products include coocorut off,
fractionated coconut ofl, soy oil, corn oll, olive oil, safflower oil, high oigic safflower
oil, MCT ail (medium chain triglycerides), sunflower ol high oleic sunflower oll, paim
and paim karmel oifs, palm olein, cancla oll, marine oils, cottonsesd oils, and
combinaiions thereof.

{0080 The concentration or amount of carbohydrate, proisin, and carbohydrate in
the nutritional compositions of the present invention can vary considerably depending
upon the particular product form and the various cther formulations and targeted
dietary needs. These macronutrienis are most typically formuisted within any of the
caloric rangas (embodiments A, B, or C) described in the following table.

MNuirients Nutritional Embodiments

A 8 o
Carbohydrate - % iotal calories 1-98 10-75 30-50
Fat - % toial calories 1-88 20-85 35-85
Proiein - % total calories 1-88 5-70 15-358

[0081] The nulritional compositions for uss herein may further comprise other
optional componerits that may modify the physical, chemical, aesthetic or processing
characteristics of the products or serve as pharmaceutical or additional nuiritional
components when used in the targetsd popuiation. Many such optional ingredienis
are krown or otherwise suitable for use in medical food or other nutritional produsts
or pharmaoceutical dosage forms and may aiso be used in the compositions herein,
provided that such oplional ingredisnts arg safe for oral administration and are
compatibie with the essential and other ingredients in the selected product form.

[0082] Non-iimiting examples of such optional ingradients inciude preservatives,
anti-oxidants, emulsifying agents, buffers, additional pharmaceutical actives,
additional nuitlents as described herein, sweeteners including artificial sweeteners
{&.g., saccharine, aspartame, acesulfame K, sucraloss) colorants, flavors, thickening
agents and stabilizers, emulsifying agente, lubricants, and so forih.
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{0083} The nutritional compositions for use hersin may further comprise any of a
variety of other vitamins or related nutrients, non-timiting examples of which include
vitarnin A, vitamin £, vitamin E, vitamin I, thiamine, ribofiavin, pyridoxine, vitamin
B, carotenoids (e.9., beta-carotens, zeaxanthin, iutein, lvcopene), niacin, folic acig,
pantothenic acid, biotin, vitamin C, choline, inositol, salts and derivatives thereof, and
combinations thereof,

[0064] The nutritional compasitions for use herein may further comprise any of a
variaty of other additional minerais, non-limiting examples of which include calcium,
phosphorus, magnasium, iron, zing, manganese, copper, sodium, potassium,
molybdenum, chromium, chioride, and combinations thereof,

Experiment
0085} The following experiment is conducted to determine the relationship between

HWMB exposurs and cytokine production.

[6088] 7o induce production of cyiokines, FBMCs, isclated from peripheral blood of
10 normal healthy donors, are stimulated for 24 hours with the T cell stimulant
CD3/CD28. Cyiokine production is analyzed using a Bio-plex Cyickine Assay, The
Eio-Plex technology is based on antibody-antigen interactions, wheraln fluoraescantly
labeled beads conjugated with antibody directed against the cytokine of interest bind
target cytokine {o the besd, This bsad-oyiokine complex is fhen exposed to a
biotinylated detection antthody and a strepiavidin-PE (phycoerythrin} reporter
molacule. The signal from the reponer molecule is directy proporiional to the amount
of cytokine present, thus enabling cytokine quantification.

[008T] Each of the T celi-derived cvickines guantified in the experimernt is described
i1 the foliowing tabls:

Type 't cyiokines

interieukin 2 Growth factor for all subpopulations of T cells and also

{1L-23 promotes the proiiferation of activated B celis

interleukin 12 induces the synthesis of IFNy, IL-2, and Tumor necrosis facior o
(iL-12) (TNFa) from heiper T cells committed to the production of type

1 cytekines (Thi celis), promotes the generation of lymphokine
aciivated killer celis, inhibits the synthesis of IgE production

interferon v (IFNy) | Influences cell mediated mechanisms of cyiotoxicity, has
ardiviral and antiparasiic activitizs and inhibits the proliferation
of transformed cells
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Graridocyie
Macrophage
colony stimulating
factor

GM-CSF)

Stimulates the proiiferation and diffsrentiation of neutrophitic,
sosinophilic, and monocytic lineages and activates the mature
forms of these cell types

Tumor necrosis
factor ¢
{TNFo)

induces oytolysis and cylostasie of tumor cells, enhances the
proliferation of T cells, promotes the proliferation and
differentiation of B cells In the pressnce of IL-2

Type 2 cyiokines

interleukin 4 Promaotes the proliferation and differentiation of activated B cells
{JL-4)
interieukin 5 Premotes growth and differentiation of eosinophils
{IL-5)
irderieukin 13 Down-modulates macrophage activity, reduces pro-
{iL-13) inflammatory cytokine production, inducss human monocyts

differentiation and B cell differentiation and proliferation

interieukin 10
{L-18)

Suppressive gytokine which down-regulafes type 1 cytokine
production

A t-test {paired sampie, two-talled) is performed in which & broad range of type 1 and
type 2 oytokines are evaluated from culiures with HMB compared to cultures and
without HMB,

(00881 Significant dose response increases are then observed in the production of
the following type 1 oylokines: H.-Z {Eml and 10mM HMB), L-12 (5 mM and 10 mi
HMB), and IFNy, (6 mM and 10 mM HMBY); the results of which are summarized in
Fig. 1.

[oo8g] Conceming type 2 cytokine production, a significant decrease is seen in iL-10
production following 10 mM exposure to HMB {ses Figure 2), while HMB does not
significantly affect the production of GC-CSF, TNFe, HL-4, IL-8, and IL-13. Thess
resulis are summarized in Fig, 1 and Fig. 2.

[0070] The shifis in cyiokine production favoring type 1 are summarized in Figs. 3, 4,
and 5.
demonstrated at HMB concentrations of 5 mM and 10 mM, while increased in 1L-2

increases in [L-2 progduction relative io |L-4 and IL-10 production are

production relative to IL-5 and L1383 production are demonstrated at HMB
concentrations of 1 mM, 5 mM, and 10 mM (Fig. 3). increases in 1L-12 production
rgtative to -4, IL-58, IL-13, and 1L-10 are demonstrated at HVB concentrations of 5
mi and 10 mM (Fig. 4). Increases in IFNy production relative to 1L-4 and IL-10 are
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demonstrated at an HMB concentration of 10 miM, while relative o IL-5 increases are
demonstrated at HME concentrations of 8mM and 10 mM (Fig. 5)

[6071] The data show that HMMB expesizre increases type 1 cytokine production {IL-
2, IL-12, IFNy) while reducing production of certain typs 2 cytokines (IL-10) and not
significantly affecting the production of other type 2 cytokines (BC-CSF, TNFg, 14,
iL-5, IL-13). The net result, therefore, is a shift in type 1 and type 2 cytokine
produciion in favor of type 1 oytokine production.

EXAMPLES

6072 The foliowing examples Hustrate specific embodiments of the methods of the
prasent invention, including some nutritional and other product forms suifable for use
therein. The examples are given solely for the purpose of illustration and are not to
ke construed as limitations of the present invention, as many variations thereof are
pessible without departing from the spirit and scope of the invention.

LGBT 3] The nulniional compositions described below are representative examples of
nutritional products suitabie for use in the methods of the present invention. Each
may be prepared by conventional methods of making nutritional emuision, some

' examples of which are described in U.5. Patent Publication 20050218640A1, which
description is incorporated herein by refarence.

Liguid Nutritional #1 (Weight Gain Formula}

Ingredient Amt | ingredient Amt (kg)
: {ka}

Water 315 | Vitamin DEK premix 0.04
Ultratracefirace min. premix 0.06 | Carrageenan 0.03
Potassium chicride 0.072 | Sov lacithin 0.8
Nz citrate 2.88 | Sodium caseinate 18.5
Fotassium jedide 0.0001 | Calclum caseingie 4.2
Potassium cifrate 1.5 | Ca MMEB monohvydrate 2.8
Corn syrup 7.68 | Milk protein isolate 14

Maltodextrin £3.6 | Sardine oil 8.9
Mg phosphate dibasic 0.26 | Ascorbic acid 0.12
Ca phosphate tribasic £.99 { KOH 45% Soin 013
Magnesium shioride 1.2 | Taurine 0.12
Sucross 11.8 | Water sol. vit. premix 0.11
Frugtooligosaccharide £.9 | Ascorbyl paimlitate D.03
Medium chain triglvoerides 2.6 [ Choling chioride 0.25
Canoia oil 1.5 | L-carnitine 0.0681
Sov ol 0.87 | Flaver # 1 1.8
57% Vitamin A palmitate 0.007 | Flavor# 2 0.27

1
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Liouid Nutritional #2 (Low &y

roemic index Fermula)

ingrediant Amt per Ihgraedient Amt per
1,000 kg 1,000 kg |

Water Qs Vitamin G £84 gm
Maltodexirin 56 kg Potassium chioride 530 gm
Acid casein 41.98 kg | Cheline chioride AT7Z.1 am
Fructose 28 kg | 45% KOH soin, 402.5 gm
High aleic 27.2 kg | UTM/TM premix 388.3 gm
safflower oll
Maliitol syrup 18 kg K phosphate 333 gin
Maltitol 12.83 kg | Camitine 230.5 gam
Fibarsol 2E £.421 kg | Gellan gum 125 om
Caseinaie 8.043 kg | Taurine 100.1 gm
FOS 4,607 kg | Vitamin E 898 gm
Soy 4.3 kg | Luiein Esters {(5%) 92 gm
polvsaccharide
Canola oil 3.2kg | W3V premix 75.4 gm
Tricaicium 2.8 kg | Vit DEK premix £5.34 gm
nhosphaie

Mg chioride 2.4 kg | 30% Beta carctens 8.8 gm
Lecithin 1.8 kg | Vitamin A 8.04 gm
Sedium citrate 1.18 kg | Pyridoxine HCI 3.7 gm
Potassiurn citrate 1.146 kg | Chromium chioride 1.22 am
Sodium hydroxide | 1.134 kg | Folic acid 0.64 gm

Mg phosphate 1.028 kg | Potassium lodide 0.20 gm
Calcium HMB 5.7 kg | Cyanocobalamin 0.013 gm
monchydraie
m-inositol gt4gm | Viteamin C 584 gm




Liguid Nutriticnal # 3 {Pediatric Formula}

ingred:ent

ing red fent

| per T?'ikg
3 ﬂ?

SOCKRIES IOy Ryt

High oleic saffiower | 40.7 kg ?iW slurry 251 kg
il

Bov oil 24 .4 kg EIF shurry 53 kg
MCT oil 16.3 ko MIN sturry 12.6 kg
Lecithin 840.2 o Sodium chloride 1274 ¢
Monoglyceridas 840.2 g Sugcrose 778 kg
Carragesnan 808.9¢g Tricalcium 2.5 kg

phosphate

Caseinate 328 kg Water 1687 &
ISIOCK OGS VIBIEnt R s R SIS Ck SE Sola R R s
DEK premix 83349 Water

Vitamin A 7.1g Potassium citrate

L.utein esiers (5%) 82 g UTM/TM premix
SOk PIWLSIury T it e Dy £F WSV premix

Water 530 kg m-inosiiol

Caseinate 11.3 kg Tauring

Whay protein 11 9 kg L—carnitine

LBaekKMINShure

4 Choline chioride

VWater 18 kg ts‘fé%&f@ﬁ“é&f&?ﬁii‘:ﬁﬁ‘&sd

Celluloss gum 1696 g Water

Calcium HMB 4.4kg Ascorbic acid

monohydrate

Magnesium chioride | 2.7 kg 45% KOH 2419
Potassium chioride | 1.0kg FSLOCKVENIE SO f b i
Potagsium oitrate 2.7kg Water 38.5 kg
Potassium iodide 3.25g Vanilia flavor 4.3 kg
Dipotassium - 1.45 Kg

phosphate
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Mutritional Licuid #4 (Nutritional Suppiement)

ihgredient per ingredient per 1,000kg
1,000ky
Water Qs Magnesium 558 gm
chioride
Corn Syrup 33 kg Vanilla Flavor 544 gm
Maliodextrin 28 kg Sodium Chioride 272 gm
Sucrose 18.4 kg Carrageenan 227 gm
Caseinate 87 kg Choline chioride 218 gm
Calscium HMB 87 kg MM Premix 165 gm
monohydrate
High Oleic Safflower 4.1 kg Potassium Chioride 146 gm
C#
Canola Gil 4.1 kg Ascorbic Acid 145 gm
Soy Protein 3.7 kg Sodium Citrate 118 gm
Whey Protsin 3.2 kg Potassium 104 gm
Hydroxide
Caseinate 2.9 kg Lutein (5%) 46 gm
Com Ol 2.0 kg WSV Premix 33 gm
Tricalcium 1.4 kg Vit DEK Premix 28 gm
Phosphate
Potasgium Cilrate | 1.3 kg Vitamin A 3.7 gm
Magnesium 882 gm | Potassium lodide 88 meg
Phosphaie
Lecithin 858 gm

i8




Liguid Nutritional #5 (Asthima and Allergy formula)

Ingradient kg per | ngredient kg per
1000kg 1000 kg
ingredient waisr L3, MNatural Vitamin E 0.845
Borage ol §1.1 Micronized tri £.631
calcium
phosphaie
Matine ol 53.4 Tocopherol-2 C.600
antioxidant
Milkk protein isolate 30.4 Taurine 0.456
Sucrose 11.7 YVaniila £.400
Whiay protein gone. 8.41 Sucraloss 258% =ol 0.375
Gurn arabic 8.00 Zinc Bulfate 4.251
Caicium HMB 57 Ascorbyl palmitate 0.143
Monohydrate
Sov lecithin 4.77 Soadium chigride 0.143
Cellulose gum 4.00 Acesulfames K 0.0750
Potassium citraie 2.64 Cupric sulfate 0.0177
Orange Cream Flavor 2.5C F&C Red #3 0.0150
Ascorbic acid 1.13 B carotene 30% £.00882
Turmeric powder 1.00 Vi, A palmitate 0.00316
Sodium citrate £.801 Sodium melvbdaie | 0.000528
wOH 45% solution 0.789 | Sodium selenate 0.000444
Orange Ol 0.750

Powder Nutritional #6 (Exercise Formula)

ingredient Name ?g;g&;fg per ingrediont Name f@gu;{i
VWhey Prolein Concantrate 282.051 kg Potassium Chioride 2128 k
Calcium Caseinate 182.308 kg  [Salt 3,205 ki
Mialtodextrin 185416 kg Manthan Gum 3.205 ki
Milk Protein Isolate 138,782 kg [Choline Bltarirate 41% cholinel. 782 k
Dutch Cocoa 10/12 76.932 kg Acesulfame K 2. 718 ki
Sunfiower Oii Creamer 21.474 kg Vanila 1.823 ki
Disodium FPhosphata
Myoplex O PreBlend 19.231 ky Mhydrous 1.8687 k
Chocolate Cream 15,258 kg MicroChill Wi 1.282
Calciurn HMEB monohydrate 13,157 ka Beta Carotene 1% CWS 1,128 ki
Oat Fiber 10.887 kg Sucralose 592.3 g
Tricaicium Phosphate 8.5286 kg Fotassium Citrate 38% K B41.0 g
Vitamin Mineral Preblend 8.462 kg Alpha Ketoglutaric Acid 321.0g
Dipotassium Phosphate 7.333 kg Ega Albumin Powder 321.0 g
Rich Dark Chocolate 7.051 kg L-Glutamineg 221.0¢
Carragesnan CSM 2 |6.474 kg Taurine 321.0g

Working Exampie |
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IDO74] A 28-year old individual who suffers from seasonal allergies in the spring is
given 0.25-1g of MMB (Nuitritional Liguid #5) four tirmes a wesk for a year, The
sympioms of seasonal aliergies are reduced the following spring.

Working Examplie

[D078] A 30-year old white male who narmally has four exacerbations of asthma per
vear is administered 1-10 g of HMB (Nutritional Liquid #5) four times a wesk for a
vear. Exacerbation frequency decreases to oncs a yaar,

Working Exampie i
[0076] A 45-year old female who has undergone chemotherapy for ovatian cancer is

administered 2-10 ¢ of HMB (Nutritona! Liguid #1) four fimes a waek for & yvear, One
vear later the ovarian cancer has not refurned.

Working Example IV
100771 A 50-year old male diagnosed with and has been treated for kidney tumors is

administered 750 mg of HMB (capsules) four fimes a week for a year, Bix months
tater the tumor has not spread fo other parts of the individual's body.

Working Exampie V

fo078] A 42-vear old female diagnosed with and treated for melanoma is
administerad 1 g of HMB 4 times ((Nutritional Liguid #1) a week for a year. Six
months later the melanoma has not spread fo other parts of the individual's body.

Yorking Exampie Vi

[0079] A 37-year old male suffering from severe sympioms of psychological stress
as a result of a burn injury is administered 500 mg (Nutritional Liquid #1) of HMB 4
times a week for 2 year. One vear later the sympioms of peychological stress ars
reduced.

Working Example VI

F00B01 A ZS-year old female suffering from symploms of surgical siress is
administered 200 mg of HMB (Nutritionai Liquid #2) 7 fimes a week for 2 months.
Two months later the symptoms of surgical stress are reduced,
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Working Example VI
{G081] A 25-year old male suffering from sympltoms of pre-surgical stress is

administered 200 mg of HMB {capsules) once 2 day for 3 wesks preceding the
individual's scheduled surgery. Al the end of the 3 weeks, symptoms of pre-surgical
siress are reduced.

Working Example IX
f0082] A Z4-year old maie suffering from moderate persistent asthma is tested to

determine the individual's FEV, percentage value and the valug is recorded. The
individual is then administered 5-10 g of HMB 4 times ((Mutritionald Liquid #5) a week
for a year. One year later the individual's FEV, has not decreasad and symptoms of
asthma are reduced.

Waorkino Example X
[0831 A 33-year old male suffering from mild intfermiftent asthma is {esfed to
determine the individual's FEV, percentage value and a value of 83% is recorded.
The individual is then administered 1.5 -8 g of HMB 4 times (Mutritional Liguid #5) a
weaek for a year. One year later the individual's FEV, remains above 80% and

symptoms of asthma are reduced,

Working Example Xi

0084} A 14-yvear old female with a family history of seasonal allergies shows no
signs of suffering from seasonal allergies. The individual is administered 0.1-1.5 g of
HMB {(Nutritional Liguld #3) once a day for 8 months. Six monihs iater the individual
still shows no signs of suffering from ssasonal allergies.

Working Fxampie Xil

[0088] A 16-year old male with a family history of asthma shows no signs of
suffering from the symptoms of asthma. The individual is administered 250 mg of
HMME (Nutriticnal Liguid #4) once a day for 8 months., Sk months later the individual
stiit shows no signs of suffering from symptoms of asthma.

Working Exampie il

D088} A 72 vear old male, after conventional treatment for and recovery from
pneumonia, is administered 250 mg of HMB (Nutritional Liguid #1) once a day for 6
menths. During those six months, the individual remains free of respiratory tract
infections, including any recurrence of pneumonia.
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Working Example XiV
[GOBY] A 24-year old male is training for the New York Marathon. During his training

period and for 3 months following the svent he takes two servings per day of
Nutritional formula #6 (containing 1 gram HWME per serving). Contrary to his previcus
year's experience, he does not experience any respiratory infections during this
intense training regimen (such infections reflect the immune suppression that is
known o be associated with extreme physical training programs).
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WHAT IS CLAIMED 18;

2)

3)

4)

5)

o
—

8)

Use of B-hydroxy-B-methylbutyrate in the manufaciure of a madicament {o treat an
individual having or at risk of developing an allergy characterized by an imbatlance in
type 1 and fype 2 cyiokine levels, wherein the B-hydroxy-B-methylbutyrate modulates
the imbalance in type 1 and type 2 cyiokine proguction.

The use of claim 1 wherein the ratio of type 1 to type 2 cytokine tevels is increased

by the B-hydroxy-B-methylbutyrate,

The use of claim 2 wherein the leve! of type 1 cyiokines is increased by the B-
hydroxy-B-msthylbutyrate without an increass in type 2 cytokines.

The use of claim 2 wherein the amount of ;B-hydroxy-Enmethylbutyrate ranges from
0.5 gto 10 gper day.

The use of claim 2 wherein the B-hydroxy-B-methylbutyrate is provided as part of 2

nutriticnal product further comprising one or more of fat, protein, and carbohydrate.

The use of ciaim 1 wherein the amount of B-hydroxy-B-methyibuiyrate is effective o

ameliorate allergic symptoms.

The use of claim 1 wherein the type 1 cytokine is interferon-y ar interleukin 2, and the

type 2 cytokine is interleukin 4.
The use of claim 2 wherein the type 1 cytokine is interferon-y, intersukin 2, or

interteukin 12, and the type 2 cytokine is interleukin 4, interleukin 5, interleukin 13, or
interieukin 10,
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METHOD OF USING B-HYDROXY-B-METHYLBUTYRATE
ABSTRACT

Disclosed are methods of freating an individual having a condition characterized by an
imbaiance in type (1) and type (2} cytokine production, wherein the method comprises
administering to the individual an amount of B -hyvdroxy- B -me thylbutyrate (HMB) effective 10
modulate or otherwise cause an increase in the ratio of type (1) to type (2) cviokines, including
an increase in the ratio of type (1) to type {2) cytokines without a corresponding inerease in type
(2) cytokine levels. Also disclosed are methods of using HMB to treat asthma, aliergies and
cancer. The methods of the present invention are based upon the discovery that HMB modulates
cvtokine production, most typically by increasing type (1) cytokines without a corresponding

increase in type (2) cytokines.

(Fig. 5)
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