1 COMBINATION COMPRISING AT LEAST ONE AMINO ACID AND A PKR INHIBITOR FOR USE IN
THE TREATMENT OF MUSCLE LOSS BACKGROUND OF THE INVENTION S 1. Technical Field
The invention relates generally to the treatment of muscle loss in a mammal, and more particularly, to
the administration of one or more branched chain amifo acid(s) (BCAA), pyruvate, -hydroxy-
-methylbutyrate or a-ketoisocaproate or any 10combination thereof in combination with an
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which formulations suitable for such administration.

2. Background Art

15 Amino acids are the monomeric building blocks of proteins, which in turn
comprise a wide range of biological compounds, including enzymes, antibodies,
hormones, transport molecules for ions and small molecules, collagen, and muscle
tissues. Amino acids are considered hydrophobic or hydrophilic, based upon their
solubility in water, and, more particularly, on the polarities of their side chains. Amino

20  acids having polar side chains are hydrophilic, while amino acids having non-polar side
chains are hydrophobic. The solubilities of amino acids, in part, determines the
structures of proteins. Hydrophilic amino acids tend to make up the surfaces of proteins
while hydrophobic amino acids tend to make up the water-insoluble interior portions of
proteins.

25 Of the common 20 amino acids, nine are considered indispensable (essential)
in humans, as the body cannot synthesize them. Rather, these nine amino acids must
be obtained through an individual's diet. A deficiency of one or more amino acids can
cause a negative nitrogen balance. A negative nitrogen balance, for example, is
wherein more nitrogen is excreted than is administered. Such a condition can lead to

30  disruption of enzymatic activity and the loss of muscle mass.

A number of muscle-wasting conditions have been identified for which
treatment with amino acid supplements has proved beneficial. For example, cachexia
is a severe body wasting condition characterized by marked weight loss, anorexia,
asthenia, and anemia. Cachexia is a common feature of a number of illnesses, such as

35 cancer, sepsis, chronic heart failure, rheumatoid arthritis, and acquired immune



treatment with amino acid supplements has proved beneficial. For example, cachexia is a severe body
wasting condition characterized by marked weight loss, anorexia, asthenia, and anemia. Cachexia is a
common feature of a number of ilinesses, such as 35cancer, sepsis, chronic heart failure, rheumatoid
arthritis, and acquired immune 2 deficiency syndrome (AIDS). Other muscle wasting diseases and
disorders are known, including, for example, sarcopenia, an age-related loss of muscle mass.
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translation initztohiex0There are two steps in the initiation of translation that are subject to regulation:

15 The original role of PIF in the ubiquitin-proteosome pathway is known. PIF
produces an increased release of arachadonic acid, which is then metabolized to
prostaglandins and 15-hydroxyeicosatetraenoic acid (15-HETE). 15-HETE has been
shown to produce a significant increase in protein degradation and nuclear binding of
the transcription factor NF-kB (a nuclear factor that binds the kappa immunoglobulin

20 light chain gene enhancer in B cells).

Regulation of Protein Synthesis via Translation Initiation

The role of PIF in the inhibition of protein synthesis is hypothesized to be due to
PIF's theorized ability to block translation via RNA-dependent protein kinase (PKR)

25 activation of downstream factors. Inhibition of protein synthesis by PIF is attenuated by
insulin at physiological concentrations and below. This suggests that PIF may inhibit
protein synthesis at the initiation stage of translation, since insulin regulates protein
synthesis through activation of the messenger RNA (mRNA) binding steps in
translation initiation.

30 There are two steps in the initiation of translation that are subject to regulation:
(1) the binding of initiator methionyl-transfer RNA (met-tRNA) to the 40s ribosomal
subunit; and (2) the binding of MRNA to the 43s preinitiation complex.

In the first step, met-tRNA binds to the 40s ribosomal subunit as a ternary
complex with eukaryotic initiation factor 2 (elF2) and guanosine triphosphate (GTP).

35  Subsequently, the GTP bound to elF2 is hydrolyzed to guanosine diphosphate (GDP)

and elF2 is released from the ribosomal subunit in a GDP-elF2 complex. The elF2 must



(1) the binding of initiator methionyl-transfer RNA (met-tRNA) to the 40s ribosomal subunit; and (2) the
binding of MRNA to the 43s preinitiation complex. In the first step, met-tRNA binds to the 40s
ribosomal subunit as a ternary complex with eukaryotic initiation factor 2 (elF2) and guanosine
triphosphate (GTP). 35Subsequently, the GTP bound4o elF2 is hydrolyzed to guanosine diphosphate
(GDP) and elF2 is released from the ribosomal subunit in a GDP-elF2 complex. The elF2 must 3 then
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unwind seton8afF&Ructure |n the 5' untranslated region of the mRNA), elF4E 10(which binds the
m7GTP cap present at tieszoend sicihera BiNdihgasfaretNAGH kiaBSneiargias cosgadiold for elF4E,
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complex. The binding of 4E-BP1 is regulated through phosphorylation by the kinase
mammalian target of rapamycin (mTOR), where increased phosphorylation causes a
decrease in the affinity of 4E-BP1 for elF4E.
It is believed that mTOR is activated by phosphorylation and inhibition of the

20  tuberous sclerosis complex (TSC) 1-TSC2 complex via signaling through the
phosphatidylinositol 3 kinase (PI3K) / serine/threonine kinase pathway (PI3K/AKT
pathway). mTOR also phosphorylates p70S6 kinase, which phosphorylates ribosomal
protein S6, which is believed to enhance the translation of mRNA with an uninterrupted
string of pyrimidine residues adjacent to the 5' cap structure. Proteins encoded by such

25 mRNA include ribosomal proteins, translation elongation factors, and poly-A binding

proteins.

Anabolic Factors Involved in Translation Initiation

Many studies have shown that anabolic factors, such as insulin, insulin-like
30  growth factors (IGFs), and amino acids increase protein synthesis and cause muscle
hypertrophy. Branched chain amino acids (BCAAs), particularly leucine, can initiate
signal transduction pathways that modulate translation initiation. Such pathways often
include mTOR. Other studies have demonstrated that mitogenic stimuli, such as insulin
and BCAAs, signal via elF2. As such, amino acid starvation results in an increased

35  phosphorylation of elF2-a and a decrease in protein synthesis.



Anabolic Factors Involved in Translation Initiation Many studies have shown that anabolic factors,
such as insulin, insulin-like 30growth factors (IGFs), and amino acids increase protein synthesis and
cause muscle hypertrophy. Branched chain amino acids (BCAAS), particularly leucine, can initiate
signal transduction pathways that modulate translation initiation. Such pathways often include mTOR.
Other studies have demonstrated that mitogenic stimuli, such as insulin and BCAAs, signal via elF2.
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a catabolic pathway. Other data, 20however Sllj(gf_gest that AKT Is also involved in anabolic processes
through activaﬁ%’ﬁ%gtrated that the NF-kB and AKT signaling pathways converge. Studies have

shown that AKT signaling inhibits apoptosis in a variety of cell types in vitro, mediated

15 by its ability to phosphorylate apoptosis-regulating components, including IkK, the
kinase involved in NF-kB activation. Thus, activation of AKT stimulates activation of
NF-kB. Although this would place AKT upstream of NF-kB activation in the sequence of
signaling events, one study reports that AKT may be a downstream target of NF-kB.
Overall, this suggests that AKT is involved in a catabolic pathway. Other data,

20  however, suggest that AKT is also involved in anabolic processes through activation of
MTOR and the consequent phosphorylation of p70S6 kinase and 4E-BP1, leading to
an increase in protein synthesis.

PKR is an interferon-induced, RNA-dependent serine/threonine protein kinase
responsible for control of an antiviral defense pathway. PKR may be induced by forms

25  of cellular stress other than interferon. Some evidence suggests that tumor necrosis
factor (TNF)-alpha also acts through PKR. Interestingly, both interferon and TNF-alpha
have been implicated as causative factors of cachectic states. Following interaction
with activating stimuli (e.g., insulin, IGF, BCAAs), PKR has been reported to form
homodimers and autophosphorylate. As a result, PKR is able to catalyze the

30  phosphorylation of target substrates, the most well-characterised being the
phosphorylation of Serine 51 on the elF2-a subunit. The elF2 then sequesters elF2B, a
rate-limiting component of translation, resulting in the inhibition of protein synthesis.
Recent studies suggest that PKR physically associates with the 1kK complex and
stimulates NF-kB-inducing kinase (NIK) while phosphorylating IkK, resulting in its

35 subsequent degradation. Some studies suggest that NF-kB is activated by PKR by a



MTOR and the consequent phosphorylation of p70S6 kinase and 4E-BP1, leading to an increase in
protein synthesis. PKR is an interferon-induced, RNA-dependent serine/threonine protein kinase
responsible for control of an antiviral defense pathway. PKR may be induced by forms 250f cellular
stress other than interferon. Some evidence suggestsghat tumor necrosis factor (TNF)-alpha also acts
through PKR. Interestingly, both interferon and TNF-alpha have been implicated as causative factors
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phosphorylation of el F2-a is required for the activation of NF-k13. PKR-like ER-resident kinase
(PERK) is another kinase that phosphorylates elF2- a and activates NF-k13. However, it is unlikely
that PIF acts tkranghThiatpaite/ oy, Masue IRERK causes the release of licK from NE-KB, but not its
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nutritiondP10sepamentation, it PpaitidalaABIRAMSIdGHRRIPPRIARRIB RNAEEMRIEMDL to
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15 reduce protein degradation and enhance protein translation comparably.

Cachexia is just one of the conditions, disorders, and diseases for which amino
acid supplementation has proved beneficial. Amino acid supplementation has also
been used to treat diabetes, hypertension, high levels of serum cholesterol and
triglycerides, Parkinson's disease, insomnia, drug and alcohol addiction, pain,

20  insomnia, and hypoglycemia. Supplementation with BCAAs, in particular, has been
used to treat liver disorders, including compromised liver function, including cirrhosis,
gall bladder disorders, chorea and dyskinesia, and kidney disorders, including uremia.
BCAA supplementation has also proved successful in the treatment of patients
undergoing hemodialysis, resulting in improvements in overall health and mood.

25 To date, the treatment of muscle loss, including treatments involving nutritional
supplementation with amino acids, has focused on the promotion of muscle anabolism
For example, U.S. Patent Application Publication No. 2004/0122097 to Verlaan et al.
describes nutritional supplements containing both leucine and protein for promoting the
generation of muscle tissue. Leucine precursors, such as pyruvate, and metabolites,

30  such as B-hydroxy-B-methylbutyrate and a-ketoisocaproate, exhibit properties similar to
those of leucine. Of note, B-hydroxy-B-methylbutyrate is not produced by humans in
any clinically relevant quantities and therefore must be supplemented.

Others have shown that insulin, an anabolic hormone, is capable of promoting
protein synthesis when administered in large doses. Thus, known treatment

35 approaches, while providing some benefit to individuals suffering from muscle loss

through increased generation of muscle tissue, do not affect muscle loss itself. That is,



Cachexia is just one of the conditions, disorders, and diseases for which amino acid supplementation
has proved beneficial. Amino acid supplementation has also been used to treat diabetes,
hypertension, high levels of serum cholesterol and triglycerides, Parkinson's disease, insomnia, drug
and alcohol addiction, pain, 20insomnia, and hypoglygemia. Supplementation with BCAAs, in
particular, has been used to treat liver disorders, including compromised liver function, including
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deposited as protein and current proteins are degraded. Loss of muscle mass can be the result of
many factors including decreased rate of protein synthesis with normal degradation, increased
degradation with normal synthesis or as@xateRMaFToibDoVEMIUCRH synthesis and increased
degradatign. As a result, therapies aimed at increasing synthesis only address one-half of the problem

10in muscle wasting disease(s). Accordingly, there is a need in the art for a method of treating
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individual. In one embodiment, the nutritional product includes at least one of a
branched chain amino acid (BCAA), pyruvate, 3 -hydroxy- B -methylbutyrate or a-
ketoisocaproate or combination thereof in combination with an RNA-dependent protein

20  kinase (PKR) inhibitor. The invention further provides nutritional products for
administration, including orally-administrable nutritional products.

In a first aspect, the invention provides a nutritional product comprising at least
one of: a branched chain amino acid (BCAA); pyruvate and [ -hydroxy- 3 -
methylbutyrate or a-ketoisocaproate in combination with an RNA-dependent protein

25 kinase (PKR) inhibitor for use as a protein catabolism antagonist in the treatment of
muscle loss in an individual.

In a second aspect, the invention provides an effective amount of at least one of
the following: a branched chain amino acid (BCAA); a pyruvate,  -hydroxy- B -
methylbutyrate or a-ketoisocaproate in combination with an RNA-dependent protein

30 kinase (PKR) inhibitor for use as a protein catabolism antagonist in the treatment of
muscle loss in an individual.

The illustrative aspects of the present invention are designed to solve the
problems herein described and other problems not discussed, which are discoverable
by a skilled artisan.

35



SUMMARY OF THE INVENTION 15 The invention provides a nutritional product for treating
muscle loss in an individual. In one embodiment, the nutritional product includes at least one of a
branched chain amino acid (BCAA), pyruvate, 3 -hydroxy- 3 -methylbutyrate or aketoisocaproate or
combination thereof in combination with an RNA-dependent protein 20kinase (PKR) inhibitor. The
invention further provides nutritional products for administration, including orally-administrable
nutritional products. In a first aspect, the invention provides a nutritional product comprising at
least one of: a branched chain amino amdéBCAA ruvate and 13 hﬁdroxy- 3 - methylbutyrate or

a-ketoisocaproate in combination AR PRRA (91: F&eﬂ?%ﬂ G (PKR) inhibitor for use as
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amino acid (BCAA); a pyruvate 3 -hydroxy- 3 - methylbutyrate or a-ketoisocaproate in combination
with an RRIA- d@ﬁ‘éHUQHP BYbRene WBéWrWW&%%Qgh@H%%ﬂP%@BBT%% Hhtagonist in

the treatment pivenigelcitoskioh:an individual. The illustrative aspects of the present invention are

diseoverablo by a sIRE s & UHTER T B Bk o other
features of thifHangGiGERNIBE h#bNaFOHEIRPTFRIBFBHEHE. from the following detailed description of the

various aspects of the|gverRtendakgrmph of eulRioBVHIR O 85 @M RRNYHIS sHaMIagsthat depict
various ﬁr(%bodlfpgnts of t g:lnvention in which: FIG. 1 shows a graph of the depression of protein
iS

synthesis by p?ot o?ygls inducing factor (PIF) at various concentrations.
FIG. 3 shows a graph of the effect of insulin and insulin-like growth factor 1

(IGF) on the phosphorylation of elF2-a of PIF.

FIG. 4 shows the structure of an RNA-dependent protein kinase (PKR) inhibitor
suitable for use in the present invention.

15 FIG. 5 shows a graph of the effect of the PKR inhibitor of FIG. 4 on the
proteolytic activity of PIF.

FIG. 6 shows a graph of the effect of the PKR inhibitor of FIG. 4 in reversing a
PIF-mediated reduction in protein synthesis.

FIG. 7 shows a graph of the effect of the PKR inhibitor of FIG. 4 on the

20  proteolytic activity of Angiotensin Il.

FIG. 8 shows a graph of the effect of the PKR inhibitor of FIG. 4 in reversing an
Angiotensin Il-mediated reduction in protein synthesis.

FIG 9 shows an alternative mechanism of protein degradation caused by
proteolysis inducing factor (PIF) and inhibited by branch chain amino acids, insulin and

25 IGF-1.

FIG 10 shows a further alternative mechanism of protein degradation caused by
proteolysis inducing factor (PIF) through activation of PKR and elF2a that is inhibited
by branch chain amino acids, insulin and IGF-1.

It is noted that the drawings of the invention are not to scale. The drawings are

30 intended to depict only typical aspects of the invention, and therefore should not be

considered as limiting the scope of the invention.

DETAILED DESCRIPTION
As indicated above, the invention provides products for use in the treatment of

35 muscle loss in an individual. More specifically, the products of the invention reduce



FIG. 2 shows a graph of the effect of amino acids on the phosphorylation of 10elF2- a and PIF.

FIG. 3 shows a graph of the effect of insulin and insulin-like growth factor 1 (IGF) on the
phosphorylation of elF2-a of PIF. FIG. 4 shows the structure of an RNA-dependent protein kinase
(PKR) inhibitor suitable for use in the present inventiog. 15FIG. 5 shows a graph of the effect of the
PKR inhibitor of FIG. 4 on the proteolytic activity of PIF. FIG. 6 shows a graph of the effect of the

PKR inhibitor &fifslGe é‘a&%@ﬁé‘?ﬁ?iﬁ&tﬂ:lﬁﬂﬁx‘?&@é iESAHGHPR RAPIEIEPERSISd muscle FIG. 7
shows a graph of H]Tifeffed of the PKR inhibitor of FIG. 4 on the 20proteolytic activity of Angiotensin Il.

FIG. 8 shows gaé? 8 BF the effect of the PKR inhibitor of FIG. 4 in reversing an Angiotensin
lI-mediated reductionAs ymeddiarsimtihesiarms "tredEh@ 8 sV emt " akérnativet im@opayiacticodprotein

degradaion oy YCRISAELAYS AR BB AR A g AR acics,

insulin and 25IGF-1. G 10 shows a further alternative mechanism of protein degradation caused
by proteofsis FhAAFIESIALHSK @189 RGN RERPATS POPERRCHIT R Y8 fRAYRGSHiBiItEsEEFDranch
chain amino agsigdaeinasibatndsl @hoare ill or haisennied draindiedw@yvdotsriobthennaenseame not to

scale. The draings is AL R AemctambrbaieRl ashesris AU VR A erelore

should not be considered as limiting the scope of the invention. _ N As
indicated abo@die& PrBATIOA ProeridshrrdletsduRlLE RyiiREneEeMehtioe3SRILME 083 PaN

individual. Mok, sRgsifiailyiHd advQepsisrebthe Ivesritny @R Nn, such as nitrogen imbalance
10  or muscle loss. Consequently, an "effective amount" is an amount that treats a disease
or medical condition in an individual or, more generally, provides a nutritional,
physiological, or medical benefit to the individual. A treatment can be patient- or doctor-
related. In addition, while the terms "individual" and "patient" are often used herein to
refer to a human, the invention is not so limited. Accordingly, the terms "individual" and
15 “patient" refer to any mammal suffering from or at risk for a medical condition, such as

muscle loss.

Experimental Data

In order to determine the efficacy of branched chain amino acids (BCAAs) and

20  other agents in reducing muscle catabolism, murine C,C,, myotubes were exposed to
PIF or Angiotensin Il in combination with amino acids (including BCAAS), insulin,
insulin- like growth factor-1 (IGF-1), and a PKR inhibitor. PIF was extracted and purified
from MAC16 tumors as described by Smith et al., Effect of a Cancer Cachectic Factor
on Protein Synthesis/Degradation in Murine C2C12 Myoblasts: Modulation by

25  Eicosapentaenoic Acid, Cancer Research, 59:5507-13 (1999), which is hereby
incorporated by reference. Protein degradation was determined using the method
described by Whitehouse et al., Increased Expression of the Ubiquitin-Proteasome
Pathway in Murine Myotubes by Proteolysis-Inducing Factor (PIF) is Associated with
Activation of the Transcription Factor NF-«B, British Journal of Cancer, 89:1116-22

30  2003), which is also hereby incorporated by reference.

FIG. 1 shows a graph of the depression of protein synthesis of PIF at increasing
concentrations, measured in counts per minute (CPM) as a percentage of a control
containing no PIF. A significant reduction in protein synthesis is noted, with a maximum
depression of protein synthesis occurring at a PIF concentration of 4.2 nM. The

35 measured proteolytic activity of PIF can be more specifically described as ubiquitin-like

degradation activity.



8 muscle catabolism, particularly proteolysis-inducing factor (PIF) -mediated muscle catabolism.

As used herein, the terms "treatment" and "treat" refer to both prophylactic or preventive treatment and
curative or disease-modifying treatment, including treatment 5of patients at risk of contracting a
disease or suspected to have contracted a disease, ag well as patients who are ill or have been
diagnosed as suffering from a disease or medical condition. The terms "treatment” and "treat" also

efer 0 the maintenags angler AR baRa P EMA4R akedR N a disease bu
W Omay e susceptple 10 evelopment of an unnea onaition, sucn as_nitrogen impalance
b sV oo 2 ot st et N Kl

conditic_)n in arvalidial,immhmmﬁaomngar@réthlq,, mmtbvailmwaandﬁﬁtmw@mimgiéﬁ, 6hmanﬁ_tral_b_enefit to
the individual. & HERIDEOHCABREPEHE M Hodpries- bRt LaiRddisag) Wlehedeups indpdual"

and "patient" are often used herein to refer to a human, the invention is'not so limited. Accordingly, the
terms "individfalP Erif 1658t eRPSRIRMBLIQR hemral eUifterly FRAmRATSE iR kR FeNRidR@tondition,
such as musclsf thesarhixpetdine néalubedae | H2-or gabépraeieitioin étine gfisanycbirim caethbahain amino
acids (BCAAs ther, i ' u catabglism i were
exposel 1o PIS T ARt S e S e R el

like growth fadibRSPIEHalipRcRRAUKIRE HBI DT T2 FORKe! extPataedviig Pt fienaNAC16 tumors
as described yrghimiehiied dediffRshab A IGmICRY Clawhestindaston antioteinSysibesis/Degradation in

Murine G2C12_Myablasts: Mqodulation 5Eicosapentaenoi id, Cancer Research, 59:5507-13
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Murine Myotulgg:ty, QiR M isdRALCRg drkicedfdi) srdsRraiRteduvity Altlyqiieegf the
Transcription Factor NF-x13, British Journal of Cancer, 89:1116-22 302003), which is also hereby

incorporated H'RSfAIaRAIIoN of pYez-q- dn &Rk H‘ﬁHﬂﬂ?@?qw&a&%t‘@’é%ﬁ%ﬁe&"ﬂ)ﬂ%ﬁ%ﬁﬂﬁ(é&l@%f PIE at
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containing no PIF. A gjgnificant, redictianio g Qﬁﬂ%fwé@rﬁ@%%é?%@i Ithe MRaBURsLFepression of

protein synthesis occurring at a PIF concentration of 4. 35measured proteolytic activity of

PIF can be mdPeWpd&iy tedldscrnddnuenqiitialive ey PG aBoH deswityand IGF-1

significantly reduced elF2-a phosphorylation in the presence of PIF, compared to PIF
alone. Thus, the ability of BCAAs to decrease PIF-mediated protein degradation may
be supplemented or enhanced by the addition of insulin and/or IGF-1 or by treatments

20  that increase the level of insulin and/or IGF-1.

FIG. 4 shows the structure of a PKR inhibitor useful in both decreasing PIF-
induced protein degradation and increasing protein synthesis which was used as a
positive control of PKR inhibition. FIGS. 5-8 show the results of experiments involving
the incubation of the PKR inhibitor in combination with either PIF or Angiotensin Il. In

25 FIG. 5, it can be seen that while PIF increased protein degradation up to 87% when
incubated alone, the addition of the PKR inhibitor reversed protein degradation levels
back to about those of the control. Similarly, in FIG. 6, it can be seen that while PIF
reduced protein synthesis up to about 25% when incubated alone, the addition of the
PKR inhibitor reversed protein synthesis levels back to about those of the control.

30 FIGS. 7 and 8 show similar results upon the incubation of the PKR inhibitor with
Angiotensin Il. In FIG. 7, Angiotensin increased protein degradation up to about 51%,
compared to the control. The addition of the PKR inhibitor reversed this trend,
maintaining protein degradation levels at about that of the control. Similarly, in FIG. 8,
Angiotensin Il reduced protein synthesis by about 40% compared to the control, while

35 the addition of the PKR inhibitor maintained protein synthesis levels at about that of the

control.



9 FIG. 2 shows a graph of the densitometry analysis of Western blots of phosphorylated elF2-a in
C2C12 myotubes incubated with PIF, leucine, isoleucine, valine, methionine, and arginine, both alone
and in combination with PIF. The control sample was incubated only in phosphate buffered saline
(PBS). As can be seen in FIG. 52, PIF increases phogghorylation of elF2-a significantly, compared to
the control. Each of the amino acids reduced el F2-a phosphorylation in the presence of PIF,

compared to PIF aloRgehirerdibiiof defited the I86iidNS osplruFBARMstAINR)iRasHged such

phosphorylation to .about the level of the control or belgw, while meﬁphiorglne- and aé%nine-ind_uced

phosphorylatidhIE/R LEHALLPEARY BISHthaY TP cORR SIS SPRERGR, U ABHA RS iment
methods direcliedddiatartheicedfastaghpootdisisyilathesichamshwhaere tleoogte esdhinits g reedertatficacy than

the other BCAf s HRIBRACWHELBUACAGS ALe AU EIRIMRTRBE HiRANSIIRIF induced

phosphorylation of elF2-a.’In fact, the phosphorylation levels resulting from isoleucine and valine
incubatior we 't BiHEREFRUPEPIRRERNSEEANSH (it Téuibibiing Mo Rinfya & 1818Ivs the results of
similar experimeJiftoinraling @hetitRNBAt® thefdos o suntal SiblinitaBoa A dnsutenahih e with PIF.
Both insulin a -1 signifl ly I F2sa rylation in the ce of PIF, compared
o P slone. T e L R ey e

supplementediyP@iRBalRdeat R tHPEHAET FNPRRNMARIND OfGIEA- @ b hfeihRTRiAKs DOMkESIBIcrease the
level of insulingied @R kah inhibitfpietethHypedieapliucivae e RERvnbibiéany s ftotaikoth

decreasing PIEFinduced pratein degradation and increasing protein synthesis whi s used as a
positive ggntroq%qfr %&?ﬂ%ﬁ’rﬁ’g% %E%safnﬁg@h%cw&?@ ?Qélﬁt{i‘%ﬁ @21[%}%%#{15\'\1%8 gf g'the incubation of
the PKR inhibitor in conetgriatidso witldesitieeth® PIOR Anigiatiyadim [ihérregBI®iId &, 4EcBRbe seen that
while PIF increpsed gigia degiadatiol W de §i§jr{a|vm%udﬂwbﬁ,t%qsahze@,tﬂa@ igslitigacpf the PKR

inhibitor reversed protein degradation levels back to about those of the control. Similarly, in FIG. 6, it

can be seen th&HYGRIR P rRAlIReYSHURIANTIRERrRIFrd aauaioseh im sRrnN SR Sione, the
addition of thepR&$phatibd A2Aevdechpratdirirgy atves ih detegd depdio tgl atloouifth BseRdf, thieictointrol.

30FIGS.16and 5 _uéémi?glﬁﬁ‘kﬁ&’dé?% ‘ﬁ\}B%%WIQQ@F&U&W@H@'?BQMHWHB ipggnsin 1. In

FIG. 7, Angiotensin increased protein degradation up to about 51%, compared to the control. The
addition of thePEKRfHIBRGPPARIEYsed this trend, maintaining protein degradation levels at about that of

the control. Similarly AGFiGEMWARgiaienaiiveredenadinrniiIsyikessibinabany 4 cemmared to
the control, whie, 35the, adcitipn oy SR ABEBIREMGRAREH SIS SBteslsyslasbout that
of both agents that are maximally effective in the depression of protein synthesis are
20 the same as those that are maximally effective in the induction of protein degradation.
The results suggest that both insulin and IGF 1, at least partly, attenuate the protein
degradation induced by PIF through inhibition of PKR and/or elF2a phosphorylation.
The mechanism of activation by PIF and Ang Il may be through PACT (protein activator
of interferon-induced protein kinase), a cellular protein activator of PKR, although PIF is
25 also a polyanionic molecule, and thus may activate directly. Regardless,
phosphorylation of elF2a by PIF and Ang Il seems to occur through PKR, since a PKR
inhibitor attenuated the inhibitory effect of both agents on protein synthesis. The effect
of both PIF and Ang Il on protein translation appears to arise from an increased
phosphorylation of elF2a.
30 The inhibition of protein synthesis in apoptosis by tumor necrosis factor-a (TNF-
a) is also associated with increased phosphorylation of elF2a. Further support for the
role of elF2a phosphorylation in the inhibition of protein synthesis by PIF and Ang Il is
provided by the observation that both insulin and IGF1, which were effective in
suppressing the inhibition of protein synthesis, completely attenuated the induction of
35 elF2a phosphorylation. Data collected suggests that the BCAAs also work through the

same mechanism to inhibit the degradation pathway initiated by PIF. This study



The PKR inhibitor attenuated the actions of PIF and Angiotensin Il in both protein degradation and
protein synthesis. This suggests that both PIF and Angiotensin Il mediate their effects through similar
mechanisms and through a common mediator, likely involving PKR. More specifically, these results
suggest that PIF activates PKR, 5which in turn causegphosphorylation of elE2-a, inhibiting the binding
of initiator methionyl-tRNA (met-tRNA) to the 40s ribosomal subunit. BCAAs, insulin, and IGF-1

attenuated thepmﬂ‘fé’ 'ﬁﬂf@?@\ﬁﬁéﬂ&%@&?&ﬁﬁ%@bﬂﬁ’ H%t\f\igéh%élélée%gﬂ%%? sreRgEhesis that PIF
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protein synthesis through PKR-mediated activation of the serine/threonine phosphatase PP2A, which
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complex, prevenin@dreksrmayion offiéoev43s wf@tréutrﬁaﬁmcﬂmpi@(atroprﬂﬁ carslowachBx@dternative
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kinase), a cellm@qsmcélNl'aSEBVMdhﬁffmr althmlaghemmbmeﬂ@yanQimemré@ﬁ@md thus

may activate %KR h?f@ﬁ%aﬁ@%ﬁﬁ&@%%@%@ﬁe%ﬁ&t@%dﬁ%&hﬁﬁﬁmﬁ {adfsyr through
inhibi

PKR, since a or attenuated the inhibitory effect of both agents on protein synthesis. The
effect of both BIPQHINRAG PESISHRAEH translation appears to arise from an increased phosphorylation
of elF2a. 30The inhiblogetbé prbte asy abivesisupmpoptasitby dinuoe nexpesis datiopeeENF- a) is also
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This study 11 STective firsuc agomza he Cco- a mmls LRSS
PKR inhibitor, or the use of treatments to increase level of either or both of insulin and
20 IGF-1, may increase the efficacy of BCAA treatments by further antagonizing protein
catabolism, enhancing protein synthesis, or both.

Nutritional products according to the invention may, therefore, include BCAAs,
alone or in combination with insulin, IGF-1, and/or a PKR inhibitor. BCAAs may be
administered in their free forms, as dipeptides, as tripeptides, as polypeptides, as

25  BCAA-rich protein, and/or as protein manipulated to enrich the BCAA content.
Dipeptides, tripeptides and polypeptides may include two or more BCAAs. Where non-
BCAAs are included in a dipeptide, tripeptide, or polypeptide preferred amino acids
include alanine and glycine, but non-BCAAs may be any of the dispensable or
indispensable (essential or non-essential) amino acids. For example, preferred

30 dipeptides include, but are not limited to, alanyl-leucine, alanyl-isoleucine, alanyl-valine,
glycyl-leucine, glycyl-isoleucine, and glycyl-valine.

Nutritional products according to the invention may similarly include precursors
and/or metabolites of BCAAs, particularly precursors and/or metabolites of leucine, in
addition to or in place of BCAAs. Such products may further include any number of

35 additional ingredients, including, for example, a protein, a fiber, a fatty acid, a vitamin, a



provides the first evidence of a relationship between the depression of protein synthesis in skeletal
muscle by PIF (and Ang Il), through activation of PKR, and elF2a phosphorylation, and the enhanced
degradation of the myofibrillar protein myosin, through activation of NE-KB resulting in an increased
expression and activity of the Subiquitin-proteasome peoteolytic pathway. This suggests that agents
which target PKR (e.g., BCAAs) may be effective in the treatment of muscle atrophy in cancer
cachexia. mittaraiO=SEiQy4e, 3 Barbhstaligalive, Bregleani sthafc RRee Uy aleefkpRatf proteolysis
inducing factor (PIF) and angiotensin Il (Ang Il) increase protein degradation through phosphorylation
of PKR and/orP¥®3a. NF-KB may be activated by 10PIF or a downstream mediator of PIF (PKR and/or
elF2a) which occurs fHrengtritiveabbeedectt K By Brebethimartimr midsrpatdenmistiradisml|lWF&KB is not
part of the samgphsphpylalion cARGARS desRilF RRYAGACRARSIAARL ReiRMRIEpquitin-tagging

of proteins to be degraded. Together, the data above support a number of novel aspects of the present
15inventioh. FifgtVigesh TRy HOBAPIOYEARE S RIS N FIBE HiSEATREH QLIS Shtagonizing
protein catabotisnaitivedjaiednywiRHasy) disb Alegioteasiditibthiatgihiohibitisgdhesaativasotiaaé KR

and/or elF2a. . IS lly tive | ization. Third, the
co-administrat%%ﬁ'%’sﬁf\%%@%%%%g'é Iféiﬂti&%fﬁlhﬁ%%ﬂ%{%%a&sﬁg ﬁﬂtﬁ%e%%r%ﬁtgé% focﬁ-ﬁtjélﬁgase level of
either or both Be#is{dil@nEhgonstaid arbytiRcReaYEHh ENEMEa e IBTSK AMPEERMB YY) further
antagonizing RrAteIperRdaBRiETRSCAISEIEENSI RO frkesiSeRInbeHbIdYtErdIonghmseides according

to the in %ntiop.%\iy, .téler ore, includ§ BCAAs, alone or in co d.b{natiop itf|1 igsul}n, IGF-1, and/or a
PKR inhibitor. BEARLIRy BE LR ErEaaGh 8RR YR Agih S 24988 phA0s, as
polypeptides, s@BBEAXpICH peot@inceMpiomiss g fvasifunctinipinateding einicsishedl ©laddesntent.
Dipeptides, tripgpfiges anbrRavBrriidanmamn Bidde R RuMrRIBHAATWaere nonBCAAs are
included in a dipeptide, tripeptide, or polypeptide preferred amino acids include alanine and glycine,
but non-BCAAs may be any of the dispensable or indispensable (essential or non-essential) amino
acids. For example, preferred 30dipeptides include, but are not limited to, alanyl-leucine,
alanyl-isoleucine, alanyl-valine, glycyl-leucine, glycyl-isoleucine, and glycyl-valine. Nutritional
products according to the invention may similarly include precursors and/or metabolites of BCAAS,
particularly precursors and/or metabolites of leucine, in addition to or in place of BCAAs. Such
products may further include any number of 35additional ingredients, including, for example, a protein,
a fiber, a fatty acid, a vitamin, a



12 mineral, a sugar, a carbohydrate, a flavor agent, a medicament, and a therapeutic agent. The
nutritional products of the present invention may be administered orally, via a feeding tube, or
parenterally. Such products may be used in the treatment of an 5individual suffering from any number
of muscle wasting diseases, disorders, or conditions, gy any disease, disorder, or condition with which
muscle loss is associated, including, for example, cachexia, cancer, tumor-induced weight loss,
sepsis, chronighgayidailure, rheumatoid arthritis, acquired immune deficiency syndrome (AIDS),
sarcopenia, diabetes, hypertension, high levels of serum cholesterol, high levels of 10 triglycerides,
Parkinson's disease, insomnia, drug addiction, alcohol addiction, pain, insomnia, hypoglycemia,
compromised Wieatfisratdiorgdngluding cirrhosis, gall bladder disorders, chorea, dyskinesia, and a
kidney disorder, including uremia. 13 CLAIMS What is claimed is: 51. A nutritional product comprising
at least one of the following: a branched chain amino acid (BCAA); pyruvate, or -hydroxy-
-methylbulyraté oraKEIHRGE BPHHES CRMIBIFIBMAtIEAIHRASS R AURYBEdent protein kinase (PKR)
inhibitor, for use as agiseirtheaEholismiaotago Bt heyieatment of muscle loss in an 10individual.
2. An effective amount of at least one of- a branched cQajn amino acid (BCAA); pyruvate, or

B -Rygroxy-% -methylbutyrate or a-ketoisocaproate,

in combination with an RNA-dependent protein kinase (PKR) inhibitor, for use

as a protein catabolism antagonist in the treatment of muscle loss in an

10 individual.

2. An effective amount of at least one of:
a branched chain amino acid (BCAA); pyruvate, or
B -hydroxy- B -methylbutyrate or a-ketoisocaproate,
15 in combination with an RNA-dependent protein kinase (PKR) inhibitor, for use
as a protein catabolism antagonist in the treatment of muscle loss in an

individual.

3. The nutritional product for use according to claim 1 or an effective amount for
20  use according to claim 2, comprising one or more BCAAs selected from a group

consisting of: leucine, isoleucine, and valine.

4, The nutritional product for use according to claim 1 or an effective amount for
use according to claim 2, further for use as a protein synthesis promoter in the

25 treatment of muscle loss.

5. The nutritional product for use according to claim 1 or an effective amount for
use according to claim 2, wherein the BCAA is in the form of at least one of: a
dipeptide, tripeptide or polypeptide.

30
6. The nutritional product or an effective amount for use according to claim 5,

wherein the dipeptide includes two BCAAs.

7. The nutritional product or an effective amount for use according to claim 5,

35  wherein said tripeptide or polypeptide comprises two or more BCAAs.



-hydroxy- -methylbutyrate or a-ketoisocaproate, 15in combination with an RNA-dependent protein
kinase (PKR) inhibitor, for use as a protein catabolism antagonist in the treatment of muscle loss in an
individual. 3. The nutritional product for use according to claim 1 or an effective amount for 20use
according to claim 2, comprising one or more BCAAsgelected from a group consisting of: leucine,
isoleucine, and valine. 4. The nutritional product for use according to claim 1 or an effective amount
for use according to claim 2, further for use as a protein synthesis promoter in the 25treatment of
muscle loss. 5. The nutritional product for use according to claim 1 or an effective amount for use
ecording o cim 2, RO IE EEIRASLAPAR ETGF VS PRI oA bR A IR G AR Rptice or
polypeptide. 3@hérelimthauliptptidd predlectent ioneHartivp eoneistinfoofuskaiaddending, @asigim 5, wherein
the dipeptide iglUdERIadAGAAe, 4Nt REEI-AI B RITGRRYRATRRUN: for use
according_to claim 5, 35wherein said fripéptide or polypeptide comprises two or more BCAAs. 14 8.
The nutritnal product or an effective amount for use according to claim 5, wherein the dipeptide is
selected from @ groupe®neistiogadfratinyFde usecedadintisoleladine, crlangieatine aghpoyi-feucine,
glycyl-isoleuci -valine. itional Qr I us ordi laim 1 or an
effective amoun r%tef%?%OgéY ri%k%rd’%r@ é%ﬁﬁ%@b Tﬂ%&%@%t@m%%%%é%a I'e%s%ﬁ g‘néﬂéf]??%%ﬁfi%@nd insulin-like
growth factor 9"Q@-fACto01 0'Fhelhutritional product for use according to claim 1 or an effective
amount for use according to claim 2, wherein the PKR inhibitor has the structure:

10 10. The nutritional product for use according to claim 1 or an effective amount for
use according to claim 2, wherein the PKR inhibitor has the structure:

11. The nutritional product for use according to claim 1, further comprising at least
15 one of the following: a protein, a fiber, a fatty acid, a vitamin, a mineral, a sugar, a

carbohydrate, a flavor agent, a medicament, and a therapeutic agent.

12. The effective amount for use according to claim 2, wherein the individual is

treated to raise a level of at least one of the following: insulin and IGF-1.

20
13. The nutritional product for use according to claim 1 or an effective amount for
use according to claim 2, wherein at least one of the following is in the form of an
orally-administrable nutritional product: the BCAA, pyruvate B -hydroxy- B3 -
methylbutyrate or a-ketoisocaproate.

25

14. The effective amount for use according to claim 13, wherein the orally-
administrable nutritional product further includes at least one of the following: a protein,
a fiber, a fatty acid, a vitamin, a mineral, a sugar, a carbohydrate, a flavor agent, a

30  medicament, and a therapeutic agent.

15. The nutritional product for use according to claim 1, wherein the nutritional

product is administered via a feeding tube.



11. The nutritional product for use according to claim 1, further comprising at least 150ne of the
following: a protein, a fiber, a fatty acid, a vitamin, a mineral, a sugar, a carbohydrate, a flavor agent, a
medicament, and a therapeutic agent. 12. The effective amount for use according to claim 2, wherein
the individual is treated to raise a level of at least one;gf the following: insulin and IGF-1. 20 13. The
nutritional product for use according to claim 1 or an effective amount for use according to claim 2,
wherein at least one of the following is in the form of an orally-administrable nutritional product: the
BCAA, pyruvate -hydroxy- - methylbutyrate or a-ketoisocaproate. 25 14. The effective amount for
use according clait S TREE RGN, SR AFRQIRA DI, BFSH A RREPFEludes at least
one of the follpnadgctagpadtrimseefdoepasefaeialbeid, a vitamin, a mineral, a sugar, a carbohydrate, a
flavor agent, a 30medicament, and a therapeutic agent. 15. The nutritional product for use according
to claim 1, wherein the nutritional product is administered via a feeding tube. 15 16.The nutritional
product for usé accortifFHE AT OWHIRS S BGTEANS PRIB s 8RS BRIy 1A Ally.
517.The effecisssaonewitfierfosewaag.araingia, aaine?, tvherdii ticedrkivitiu ldsasepisieasironie of the
g MR NI I el Sl 3R S FRINS LAl iy Tepumatol
arthritis, acquired immuné deficiency syndrome (AIDS), sarcopenia, 7 etes, hyperterision, high
levels of serurfateResiariaRRiBSIEVAIS BTGttt ey apkiprigMS BrdesisElimighravgldefig addiction,
alcohol addictigigyeatitiekOmafinsin: I WiBOSLC AfBiRn B0 ARG EGb HY elcbit iRmidtich diag cirrhosis,

gall Dl s, A D sty R LS Ao AT eY RAISIe GG FHS TN an bladder

disorders, chorea, dyskinesia, and a kidney disorder, including uremia.



