USE OF ANGIOGENIN OR ANGIOGENIN AGONISTS FOR TREATING DISEASES AND
DISORDERS Field 5The present invention relates to methods for treating muscle disorders, including
muscle was-L.11-1g disorders and methods for improving muscle form by improving muscle function,
strength, mass or exercise tolerance. The invention also relates to methods of decreasing fat, 10
improving muscle to fat ratio ayktroatingidicoeERT NavFe ARG DOCENINQeoNIIgal muscle to fat
ratio. The invention also relates to trea%gﬁé\jiseases which can be treated by improving folfista-fin
mediated stimulation of cells. 15 %%%'/EUUEINGAméﬁﬁsus%n‘%L%OU'E pgrogenitor cell for
regeneration, lost muscle bulk and strength due to disease and Injury are often never completely
recovered. Therefore, treatments that can stimulate muscle growth and prevent 20 muscle loss are
likely to benéfita ignificant proportion of the population. Increase in muscle growth, weight or
functiorbis Importantfer treatmeent of deteterious eenditiens abtheanuscle, including dariexample,
muscle damage, mus le 25 \gas-L.ll-lglm scle deugsenlerationétmuscl%atroga% or redu&ed rates of
muscle repaIlnr. tch deféterious eonditions 6 the muscie San Testit from rormal conditions of use or
trauma, or quie fregeenty, througbrchrgnicuiseasefsiatesbin adgitionw tothenvarios muscle disorders
that may 30 f%%%iﬁ ggatrgecrll;éirqn%;%r}gving rgtst%l% tg }f{eét rgtli% S0 tagltgrhaar\llgea greater lean mass has
been proposed to impréve bone enéity.?A Correlation between fean mass and |g%er total body bone
density has begrshown ia hsice aadan esert. Corsensely pedpléawitie Aighey fdtahass have been
shown to 1

improving muscle to fat ratio and treating diseases caused
by or involving suboptimal muscle to fat ratio. The
invention also relates to treating diseases which can be
treated by improving follistatin mediated stimulation of
cells.

15 Background

Although muscle has its own progenitor cell for
regeneration, lost muscle bulk and strength due to disease
and injury are often never completely recovered. Therefore,
treatments that can stimulate muscle growth and prevent

20 muscle loss are likely to benefit a significant proportion
of the population.

Increase in muscle growth, weight or function is
important for treatment of deleterious conditions of the
muscle, including, for example, muscle damage, muscle

25 wasting, muscle degeneration, muscle atrophy or reduced
rates of muscle repair. Such deleterious conditions of the
muscle can result from normal conditions of use or trauma,
or quite frequently, through chronic disease states.

In addition to the various muscle disorders that may

30 require treatment, improving muscle to fat ratio so as to

have a greater lean mass has been proposed to improve bone
density. A correlation between lean mass and higher total

body bone density has been shown in mice and in men.

Conversely people with higher fat mass have been shown to
1



have reduced bone density. Accordingly improving muscle to fat ratio may Improve bone density and
be particularly useful in treating bone disorders such as osteoporosis. Additionally perfectly healthy
people may be desirous 5 of Improved muscle form or function. It may be desirous to Improve a
person's weight carrying capacity, endurance, speed, or overall physique, all of which can be achieved
by improving muscle mass or function. Additionally, It may be desirous to Improve the recovery of
muscle fromhlajury oedOcedutethre tiae simusclemeedsdongdgveryfrony extgnded ase, for example

to reduce th% éiﬁr:erg%t%ee@atraiﬂrpﬁg f&rf gti}l)etgs, t(iilgrrlesblytimprgvi eexegq_j%el Ct:%lﬁrapfe. In animal
husbandry, such as mvolvm@’anl als as a food source, r?{et%oas Ratincrease the p?/oportion and
weight 15 ofunadcelé wilh greatlytberefiv theelndustry dGiventhetimpertante opthiofield a great deal of

research is ongoin%ﬁg%\ﬁggﬂ h g§9£8%qt{/olgg%% Iepg%\éellgpmg t%regrgg\gq.rlglggh work has

centred on finding In s of myostatin, as mysotatin, in adults, i1s a 20 negative regulator of muscle
growth flie. o Suppiesses thusekcdrowthym orFdifistatin iia 35KD ghzopmtelathatis syhthesized in

many tissue§ﬂ§goqpés gsfgaet%iggilqgsor%ei'%ﬁog a&gfym% 0@%5 glgqr@erseqlf&gg 3 eI,3 superfamily

such 25 as myostatin and some bone morphogenetic proteins. IFoIfistat'In is said to be one of several
natural myosta#if thhibifors Y &ltrdug ity physiclogeal rate in"muskledegulation ¢ EarreRthPinknown.

Nevertheless, adryipistiation-of falfistatin in musele-has heen ohserved 19130, lead to incregsed muscle

mass, winch is believed to be due to Its binding and neutralization of myostatin. One of the difficulties
of using folfiS@fin &3S tHetapBiticofop the recovery of muscle from injury or

10 reduce the time a muscle needs to recovery from extended
use, for example to reduce the time between training for
athletes, thereby improving exercise tolerance.

In animal husbandry, such as involving animals as a
food source, methods that increase the proportion and weight

15 of muscle will greatly benefit the industry.

Given the importance of this field a great deal of
research is ongoing to develop methods of controlling muscle
development or growth. Much work has centred on finding
inhibitors of myostatin, as mysotatin, in adults, is a

20 negative regulator of muscle growth (i.e. it suppresses
muscle growth).

Follistatin is a 35 kD glycoprotein that is
synthesized in many tissues and acts as a binding protein
for activin and other members of the TGFR superfamily such

25 as myostatin and some bone morphogenetic proteins.
Follistatin is said to be one of several natural myostatin
inhibitors, although its physiological role in muscle
regulation is currently unknown. Nevertheless,
administration of follistatin in muscle has been observed to

30 lead to increased muscle mass, which is believed to be due
to its binding and neutralization of myostatin. One of the
difficulties of using follistatin as a therapeutic for

increasing muscle growth is that follistatin binds other

2



increasing muscle growth is that folfistatin 'finds other TGE13 ligands besides myostatln, for example,
actlvin. Loss of actlvln activity in mice leads to numerous developmental defects and neonatal
death. Actlvln also Mints growth of many types of epithelial tissue, so that inhibition of 5 actlvln
action through administration of follistatln could lead to abnormal growth of these tissues and,
eventually, to cancer. There are currently no approved commercial pharmaceutical means for
inhibiting mySEatinLactvity shatcli de mohsinmiltaneous|yalter aetdvla activity. WWlyostaths antibodies
have been d(ge eloé’%QVVXiHCQQ{nidvﬁ@d nelrJltraIilzce m¥8gtggn Withr%g1 b;:néjlilrlsg %tgl§é Tgaﬁnl—ej rfl%rgﬂy ligands.
However, antibodies may have certain drawbacks that migﬁ?limlt then- il y as %hé)rapeutlcs for
muscle was<deItdysl sadidorders ahd tettaiiy thetuse i antiblostiesl fon s cler growth@ltside the

therapeutic greng W%g!gsbeot?oecgfﬂééé% be comergially yseful It is an #5913 grefgrred embodiment

of the present invention to address one or more of the above Issues and 20 Ideally provide a treatment
for musele disordersforirpgrovingynosde fanstion streagtho weight amblcresdxaiéise toledahce or to at

least provide e publicit 2 seful allpmatiye Al zeferences, including agy patents of pategt 25

applications, =Led in this specification are hereby Incorporated by reference. It will be clearly
understood it cathough a number of prior art publications are referred to herein, this reference does

not constitute an admissionthat any ek these dpcuments farms-parhof the,30 common generall

knowledge in the art. Summari/
pharmaceutical means for inhibiting myostatin activity that

10 do not simultaneously alter activin activity. Myostatin
antibodies have been developed which bind and neutralize
myostatin without binding other TGFR family ligands.
However, antibodies may have certain drawbacks that might
limit their utility as therapeutics for muscle wasting

15 disorders and certainly the use of antibodies for muscle
growth outside the therapeutic arena would be too costly to
be commercially useful.

It is an aim of a preferred embodiment of the present
invention to address one or more of the above issues and

20 ideally provide a treatment for muscle disorders for
improving muscle function, strength, weight and/or exercise
tolerance or to at least provide the public with a useful
alternative.

All references, including any patents or patent

25 applications, cited in this specification are hereby
incorporated by reference. It will be clearly understood
that, although a number of prior art publications are
referred to herein, this reference does not constitute an
admission that any of these documents forms part of the

30 common general knowledge in the art.

Summary
The invention generally provides methods of increasing

muscle and reducing fat by administering angiogenin.
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The invention generally provides methods of increasing muscle and reducing fat by administering
anglogenin. A first aspect provides a method of treating a disorder characterised by elevated or
dysregulated myostatin in an individual, the method comprising administering an effective amount of
angiogenin or an angiogenin agonist. 5A second aspect provides a method of treating disorders where
the interaction between follistatin and angiogenin can be used to improve function in tissues by
administering an effeciive ameousnteaf angiogeniteor anmagiogeninfagomrstt Anthird aspect-provides a
method of promoting muscle 49,growih.n, andndividyal, the method comprising adrmipistgring an
effective amount of angiogenin or an angiogenin agor\{lst. Tour agpect provides a method of
improving recoderyicfunusclé fronmaijirybrasedn ahiindividial, the teethod cemprisirradménistering
an effective amount og@ngigg%i(ge]n%gr an aggiogggkno?%%rﬁt. 2o A fifth aspect provides a method of
improving muscle strength in"an individual, the method omprising;I administering an effective amount
of angidgenin or arfasgiogeninagonist. 20/ sixile aspedtProvides & rhetdisfdmpiodngexercise
tolerance in gadodividyal, ihe Defbed sampsinacadreisistedng, e effegtive amaunLaf aniggenin or
an angiogenin agonist. A seventh aspect provides a method of increasing the 25 proportion of muscle
in an individ@&l, #eemetfod EGHRpHSIng EdRtiAR eriny an efeel camadRt of digageriin df an

angiogenin aganisty i ve amount of angiogenin or an angiogenin agonist.

A third aspect provides a method of promoting muscle

10 growth in an individual, the method comprising administering
an effective amount of angiogenin or an angiogenin agonist.

A fourth aspect provides a method of improving recovery
of muscle from injury or use in an individual, the method
comprising administering an effective amount of angiogenin

15 or an angiogenin agonist.

A fifth aspect provides a method of improving muscle
strength in an individual, the method comprising
administering an effective amount of angiogenin or an
angiogenin agonist.

20 A sixth aspect provides a method of improving exercise
tolerance in an individual, the method comprising
administering an effective amount of angiogenin or an
angiogenin agonist.

A seventh aspect provides a method of increasing the

25 proportion of muscle in an individual, the method comprising
administering an effective amount of angiogenin or an
angiogenin agonist.

An eighth aspect provides a method of decreasing fat in
an individual, the method comprising administering an

30 effective amount of angiogenin or an angiogenin agonist.

A ninth aspect provides a method of decreasing an

individual’s fat to muscle ratio, the method comprising



An eighth aspect provides a method of decreasing fat in an individual, the method comprising
administering an 30 effective amount of angiogenin or an angiogenin agonist. A ninth aspect provides
a method of decreasing an individual's fat to muscle ratio, the method comprising administering an
effective amount of anglogenln or an anglogenin agonlst. The invention also provides a
non-therapeutic method for promo-L.11-1g muscle growth, improving recovery of muscle 5 from use,
improving mudclerstrength mgar mdifidealt inveroxinguexercise doleianpen increasiag the proportion of
muscle, decgenasin feartl irrllag irg)qli\{igltjal, decreasing an individual's fat to muscle ratio, comprising
administering %g?%gen nina composition, food supplement, nutraceutical, 10 wherein the anglogenin
promotes muscle gibwthi nveBacauseof the fimo bétiseeremusclethasspemusclentetfabratio and

Insulin sensitity/metanolig ?’QQ&%’B%G oleelou \9451 _P&PE%“&’%Eg‘%l%é%iajtJ@@a}ﬁﬁ}%%vfeo’ McPherron

AC. PLoS ONE. 009;4(3):re1 937. Epub 2009 Mar 19), it Is propose t e methods of the
seventibto nimthraspects raay tedt netaboliclsyndrorne oFenhaned INsSulin seAsrivity. A tenth

aspect provigs apethod for improving the bonedensity,of ansipdividual by impraving, thep- muscle to
fat ratio according to the method of the ninth aspect. 201t is proposed that anglogenin is capable of
suppressing®rTeversirtphecetfect of Anjostatinids a hegHive Pdgul SBF5EMESEIE grdwth. It is also

proposed thatmygstatln and/arfellistatip andier anglagenlp aekon cells; other than muscig cells; they

angiogenin in a composition, food supplement, nutraceutical,

10 wherein the angiogenin promotes muscle growth.

Because of the link between muscle mass or muscle to
fat ratio and insulin sensitivity/metabolic syndrome (Guo T,
Jou W, Chanturiya T, Portas J, Gavrilova O, McPherron AC.
PLoS ONE. 2009;4(3) :e4937. Epub 2009 Mar 19), it is proposed

15 that the methods of the seventh to ninth aspects may treat
metabolic syndrome or enhance insulin sensitivity.

A tenth aspect provides a method for improving the
bone density of an individual by improving their muscle to
fat ratio according to the method of the ninth aspect.

20 It is proposed that angiogenin is capable of
suppressing or reversing the effect of myostatin as a
negative regulator of muscle growth.

It is also proposed that myostatin and/or follistatin
and/or angiogenin act on cells other than muscle cells; they

25 may act on nerve cells, bone cells (oseoclasts) and
endothelial cells.

Accordingly an eleventh aspect provides a method of
treating neurological diseases or disorders, spinal injuries
or diseases, bone diseases or disorders, diseases involving

30 glucose homeostasis, wound healing, or for providing
neuroprotection, nervous system functional support and

managing metabolic diseases, the method comprising



25 may act on nerve cells, bone cells (oseoclasts) and endothelial cells.  Accordingly an eleventh
aspect provides a method of treating neurological diseases or disorders, spinal injuries or diseases,
bone diseases or disorders, diseases involving 30 glucose homeostasis, wound healing, or for
providing neuroprotectlon, nervous system functional support and managing metabolic diseases, the
method comprising administering an effective amount of anglogenin or an anglogenin agonlst.
Whilst it is peaposedshat-adminstratidhesf angtogembu ntaycect dogethgewith emdogenous follistatin,
anglogenin orn5 an aenlglloI%egll%ag%r%Ist administered with follistatin (either simultaneously or
sequentially?w%s shown y the Inveritors to have a more than additive effect compared to
administration of folistatitalohe b$ apglugenitialohe LIt avilhbe apprediated thdt tveconyersenof the

10'”Ye“t9r5}rfﬂg“%%3cwﬂ' F??eet{H%’rj”M%H”ME%r -l @tagenists of anglogenin may he yseful for
treating diseases or congl lons In winch a reduction in muscle growth or mass or an Increase in fat or
fat to mbiscle ratinarlipgrsasedaayostatin Eodasivesit @ 5FHe wiventdiswaretsttidying ehé effect of

bovine anglagenln extracted ftom milkon, human cells. They determined that boyine anglagenin is

capable of inducing vascular development of human umbilical vein endothelial cells (HUVEC) on
matrlgel in thé s@mésmanferas kimanZovdscifarehotieliaPGranhdastor (VEGF).

administration of follistatin alone or angiogenin alone.

It will be appreciated that the converse of the

10 inventors’ findings will be true, in that inhibitors or
antagonists of angiogenin may be useful for treating
diseases or conditions in which a reduction in muscle growth
or mass Oor an increase in fat or fat to muscle ratio or
increased myostatin is desired.

15 The inventors were studying the effect of bovine
angiogenin extracted from milk on human cells. They
determined that bovine angiogenin is capable of inducing
vascular development of human umbilical vein endothelial
cells (HUVEC) on matrigel in the same manner as human

20 vascular endothelial growth factor (VEGF).

The inventors then tested the effect of bovine
angiogenin extracted from milk in normal mice. The test
group exhibited increased quadricep muscle weight and
reduced abdominal fat pad weight when fed a diet including

25 bovine angiogenin. The demonstrated role of angiogenin in
increasing lean muscle mass and decreasing fat mass
indicates that methods involving administering angiogenin or
an angiogenin agonist have a broad variety of applications
where an increase in muscle tissue would be therapeutically

30 beneficial, such as in livestock production, muscle
disorders and for general fitness and physique. The
invention may also be useful for treating diseases and

disorders related to metabolism and adipose tissue.
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The Inventors then tested the effect of bovine anglogenin extracted from milk in normal mice. The test
group exhibited Increased quadrlcep muscle weight and reduced abdominal fat pad weight when fed a
diet including 25 bovine anglogenin. The demonstrated role of anglogenlin in increasing lean muscle
mass and decreasing fat mass indicates that methods involving administering anglogenin or an
anglogenlin agonlst have a broad variety of applications where an Increase in muscle tissue would be
therapeutically 30 Berefictalssuchras ihiliveéstogk jprogactione muscleydisorders ainddondereral fitness
and physiaug,, The Invention may alse be yssful.fo treating diseases and disarders related to
metabolism and adipose tissue. The Tnventors finé)lng Is particularly surprising given the teaching
of the prior arbtoradmnistes follistathsto moreasednosclé massasd reducetfatmass sWithout wishing

to be bound by theory the Inyentors propose th n folllstatln, sti e ube
formation an%l)é!th%t8 m%%%?a%ln% igr%%gg)rﬁg/ i?lﬁi%i%tﬁi%%%%oﬁn%%g%ggng})%tenﬁ?%%%%ggéd to
substaritiallyarevdefselthesdffect of myostatiat Fhavovemersimropase tiatahel irteraction between

anglogenin and.folllstatln is;a, meehanism that s,ef 10 Importange. for stimulation, proliferation and

development of cell types other than muscle alone. Therefore, administration of anglogenin can be
used to treafEsHdiBGIsIVhefe IPdpTBYiRgdollistatinrhédinteheffetts ORTRlS is-benefficial 36 treatment

of disease of gopdition -15The suggestiopdhatypechanism-Qf agtign of anglagenin.en myscle growth
and fat loss is via lts interaction with folllstatin is supported by the Inventors' in vitro studies, where

treatment of ARGXGE TnyoHIAss With either ahglobeRPorfollktath e adtistimdat miscieigrowth
over 20contyglo wheseasadyinistratiomefibath anglagenin.and follistati dges-dnang-embediment of

any one of the first to eleventh aspects anglogenin or anglogenin agonlst is administered with

folllstatin. 251 bhe eRESdifeME bf 4RV BnE'bT tHE fifst 85 BlevehtaspeetS anglogenin or anglogenin
agonlst is administered:eraliydn oneerghediaient of any waenfdle fiest to eleveatthditions

where improving follistatin mediated effects on cells is
beneficial to treatment of disease or condition.

15 The suggestion that mechanism of action of angiogenin
on muscle growth and fat loss is via its interaction with
follistatin is supported by the inventors’ in vitro studies,
where treatment of muscle myoblasts with either angiogenin
or follistatin does not stimulate muscle growth over

20 control, whereas administration of both angiogenin and
follistatin does.

In one embodiment of any one of the first to eleventh
aspects angiogenin or angiogenin agonist is administered
with follistatin.

25 In one embodiment of any one of the first to eleventh
aspects angiogenin or angiogenin agonist is administered
orally.

In one embodiment of any one of the first to eleventh
aspects angiogenin or angiogenin agonist is administered

30 orally and follistatin is administered parentally.

A twelfth aspect provides a composition comprising

angiogenin or an angiogenin agonist and follistatin.



aspects anglogenin or anglogenin agonlst is administered 30 orally and folllstatln is administered
parentally. A twelfth aspect provides a composition comprising anglogenin or an anglogenin agonist
and folllstatin. In an embodiment of any of the first to twelfth aspects the anglogenin is
recombinant anglogenin, preferably human or bovine recombinant anglogenlin. In an embodiment of
any of the first to twelfth aspects 5 the anglogenln is provided as an enriched extract from milk or
plasma, particularly froanbevibe mitkeortfrant bawvinecdr Mumeart plasmet. Suohedrf ehriclwgdextract is an
anglogenin agonlst, in.that it is not pure anglogenin but provides.anglogenln activity.,10Follistatin used
1 the e LS Bee R ELTAI G St e o e il o
plasma, particul&dy from bevinsimilkaorfram dpoviendrrhuman plasma. A thirteenth aspect provides a

composition, food 15, supplement of, nautraceulical comptising anglogen %ﬁ"%@ﬂ%"gﬁ&&%@”'“ for

treating a disorder characterised by elevated myostatin, for treating disorders where the interaction
between follistatireand aaglogeninscarrbe uded te fmproverfunctimrinatissues Hfof promotindgmuscle

growth, 20 frimproving regavery of muscle fromIniyiry of us; for. impraving, musele,strength, for

improving exercise tolerance, for increasing the proportion of muscle, for decreasing fat, for
decreasing &vitRividdasTat to maSEledatic for freafing ietrsidgicdl diSeasedisradisarders, for

treating ZSSBiJj‘QHPMi,eSiQ{ dd.%%at_se§tfq§r%iﬂgm Cg%%aﬁﬁfeq{in but provides
angiogenin activity.

10 Follistatin used in the methods or composition may be
recombinant or provided as an enriched extract from milk or
plasma, particularly from bovine milk or from bovine or
human plasma.

A thirteenth aspect provides a composition, food

15 supplement or neutraceutical comprising angiogenin or an
angiogenin agonist for treating a disorder characterised by
elevated myostatin, for treating disorders where the
interaction between follistatin and angiogenin can be used
to improve function in tissues, for promoting muscle growth,

20 for improving recovery of muscle from injury or use, for
improving muscle strength, for improving exercise tolerance,
for increasing the proportion of muscle, for decreasing fat,
for decreasing an individual’s fat to muscle ratio, for
treating neurological diseases or disorders, for treating

25 spinal injuries or diseases, for treating bone diseases or
disorders, for treating diseases involving glucose
homeostasis, for wound healing, or for providing
neuroprotection, nervous system functional support, managing
metabolic diseases and/or increasing the bone density of an

30 individual.

A fourteenth aspect provides use of angiogenin or an
angiogenin agonist in the manufacture of a medicament for

treating a disorder characterised by elevated myostatin, for

8



disorders, for treating diseases involving glucose homeostasis, for wound healing, or for providing
neuroprotectlon, nervous system functional support, managing metabolic diseases and/or increasing
the bone density of an 30 individual. A fourteenth aspect provides use of anglogenin or an
anglogenin agonlst in the manufacture of a medicament for treating a disorder characterised by
elevated myostatin, for treating disorders where the interaction between follistatin and angiogenin can
be used to impeaveifunctiors mrtissue syfor promioting muescies griowthpfor wraproviing. feicovenyiof muscle
from injury orrygeafor im rovlirglg Enéjécigestr%g%ht%for imprgfvin%g%%er%:ise toi%ragce, for increasing the

proportion of muscfé?%(?r (fer%:reasmg fat, for creasinlén 5n ndividual's fat to muscllesrsalfllg,sénd/or

increasing tff@bomdmngiiylgf a_nlm;jl\s&d@adowth, froan émmdhvhegt ofthefeurteerith aspect the 10
medicament fise ampisgs ollsieln.... Uaanober cmpdment f e oudesnth asnert the

medicament Is for administerin individual being treated with follistatin. In another aspect the
invention alseoprovidestiie LgestsSeafcarfgiogenin I theemahafacture s asmedicaintent for treating

phosphorylase deficiengy, agid maltase deficiengy, phasphofruetokinase, deficiency. defrangher

enzyme deficiency, mitochondrial myopathy, carnitine deficiency, carnitine palmityl transferase,
phosphoglycetafekifzsd 26 defiEiehey piissphogi/etate mitase deficieney Shetté dehperogenase

deficiency, myoadenylate deaminase,deficiency, insulin-dependent (type 1) diabetes mellitus,
noninsulindependent (type 2) diabetes mellitus, hyperglycemia, impaired glucose tolerance, metabolic

syndrome, syndromé X2 255A8 M esistartte inBGcdd BY BREmtd} obesRy.imtE&e and neuromuscular

disorders, musgulas dystrophys severg.erikenign Xrlinkedsmyscular dystrophy, limb-girdle dystrophy,
facioscapulohumeral dystrophy, myotinic dystrophy, distal muscular dystrophy, progressive dystrophic

ophthalmoplegia, 36FoSEHEIYNGEH Ay &FEPhy, DuchhnESIhasEREP dystRiphy, Fakuyama-type
congenital musculaiglystophy; musclesatiophy: ordanyatrephy: carpalitanel sypdrange; congestive

obstructive pulmonary disease; congenital myopathy; myotonia congenital; familial periodic paralysis;
paroxysmal ﬁﬁ%@ﬁ%ﬁﬁ“ﬁ%%;&ﬁéﬁ&%éﬁs Eaton-Lambert syndrome; secondary myasthenia;
denervation atrophynsarcoperia, eaghexia, gtkerimusele wastingsyngramesidrunaticas 5 chronic
inhﬂyS%Jnu%¥eggg¥%égﬁgﬁﬂq r%ﬁggﬁggggfacture of a medicament for
treating phosphorylase deficiency, acid maltase deficiency,
phosphofructokinase deficiency, debrancher enzyme
deficiency, mitochondrial myopathy, carnitine deficiency,
carnitine palmityl transferase, phosphoglycerate kinase
20 deficiency, phosphoglyerate mutase deficiency, lactate
dehydrogenase deficiency, myoadenylate deaminase deficiency,
insulin-dependent (type 1) diabetes mellitus, noninsulin-
dependent (type 2) diabetes mellitus, hyperglycemia,
impaired glucose tolerance, metabolic syndrome, syndrome X,
25 insulin resistance induced by trauma, obesity, muscle and
neuromuscular disorders, muscular dystrophy, severe or
benign X-linked muscular dystrophy, limb-girdle dystrophy,
facioscapulohumeral dystrophy, myotinic dystrophy, distal
muscular dystrophy, progressive dystrophic ophthalmoplegia,
30 oculopharyngeal dystrophy, Duchenne's muscular dystrophy,
Fakuyama-type congenital muscular dystophy; muscle atrophy;

organ atrophy; carpal tunnel syndrome; congestive

obstructive pulmonary disease; congenital myopathy; myotonia



muscle from injury, premature gonadal failure, androgen suppression, vitamin D deficiency, secondary
hyperparathyroidism, nutritional deficiencies, and anorexia nervosa; wherein the angiogenin promotes
muscle growth. 10 Brief Description of Figures Figure 1 shows human endothelial cells (HUVEC)
photographed at 10X magnification. A shows vascular development caused by treatment with
anglogenin (100ng/m1), 15 B shows positive control VEGF (10ng/m1) and C is the negative control.
Figure 2 showsgdai gedph iflastratirglgrowth ofl mume €262 myopkasts<inswittd when administered

casein, BSA, follistatln, anglogenin,_or,follistatin + anglogenin.or 2 sitive control (DMEM and 10%
B el , 09'99€R 0a . ;
o). Figurt S A taTa gt e Aglog el Lo 1R L bt ey SRR nto
myotubes insthe @bdence of sertneinia dose tepeadatmanmerIC2C kbmyoblast eells were cultured

in 6 well plates ip DMEM @991@59')%98?@%9‘3%ﬁg&%ﬁ@?%@g”'&@%@&%hé@g'Oge”'” (RANG).

The Images taken after 96 hours show that both bA hANG induce myotube formation
compared to-theccontrol DIMIEM disiturels C L FigurestishownbooinenBnglegeniadgdes myotube

formation in the presence,of 2963 in a dose dependapt, 30 manner, G2C12.myoblast cells were
DXK']/I EM+ 2

cultured in differentiation meths_ (DV %HS; control) supplemented with bAnglogenin (bANG) or
hAnglogenlIrsHANG} SHHImageseiaken Aftee 56 tibtis §how AFaIBIRNG Induces myotube formation

compared to,the.control culture s MANG Rroves that anglogepin.isdhe inducing facioforexia
nervosa; wherein the angiogenin promotes muscle growth.
10
Brief Description of Figures

Figure 1 shows human endothelial cells (HUVEC)
photographed at 10X magnification. A shows wvascular
development caused by treatment with angiogenin (100ng/ml),

15 B shows positive control VEGF (10ng/ml) and C is the
negative control.

Figure 2 shows a bar graph illustrating growth of
murine C2Cl2 myoblasts in vitro when administered casein,
BSA, follistatin, angiogenin, or follistatin + angiogenin or

20 a positive control (DMEM and 10% FCS).

Figure 3 shows bAngiogenin and hAngiogenin can induce
myoblast differentiation into myotubes in the absence of
serum in a dose dependant manner. C2Cl2 myoblast cells were
cultured in 6 well plates in DMEM (control) supplemented

25 with bAngiogenin (bANG) or hAngiogenin (hANG). The images
taken after 96 hours show that both bANG and hANG induce
myotube formation compared to the control DMEM culture.

Figure 4 shown bovine Angiogenin induces myotube
formation in the presence of 2%HS in a dose dependant

30 manner. C2Cl2 myoblast cells were cultured in
differentiation media (DMEM + 2%HS; control) supplemented
with bAngiogenin (bANG) or hAngiogenin (hANG). The images

taken after 96 hours show that bANG induces myotube

10



Figure 5 shows bovine Anglogenin Interacts with FS to enhance myotube formation. C2C12 myoblast
cells were 5 cultured in differentiation media (DMEM + 2%HS; control) supplemented with bovine
Anglogenin (bANG), Folllstatln (FS) or combined. The images (a) and CK analysis (b) at 96 hours
show that bANG Interacts with FS to Induces myotube formation synergistically compared to the either
reagent in 10isolation. Figure 6 shows hierarchical clustering of differentially expressed genes
(based on afoldrchiange of @tfeast dl.6 @ande<.05) incfC2C4a2 Icells after RArgSofdifferentiatiart to form
myotubes. CaZC]iZ mé(rq:i‘tulrgst geljcsn\éverengig culrguregaig t(:i(i)fLerentiation media (DMEM + 2%HS; control)
supplementeélant%goovme /%\nglogen-an, ollistatin oF combined Genes showing Increased expression
are represented in Fedjgenes wittrdecreased expressiopearerepresentadtin biaehgétfestwith no

change in e i ented in.20yello [ w 0 Blocking Peptide
inhibits myo)tétl}éﬁegfil)r%%afﬁ1 rlé.%%%gpe@g%%gg}gsg\iR\@/%?Evj;)gggi%%%ga(ﬁy% ocké t%i%%glogenln/actln

interaction a@@hﬁﬁibﬁ@lth’éladg’léé@ﬁmriﬁd@amﬁrmgﬂét@béwwhﬂorz %Eﬁgu@o@*sﬁ@ws bovine
Anglogenin can raqulatemyostatn effects.on aygtyhe formatipn,Anglogenln is able;to nggage the

negative effect of myostatin (Myo) on muscle myotube formation. The Anglogen1n-Folllstatin
synergistic rRécliisrhrecovers tuB@ fsFaTation to 2oftroKeveR i i présengé of 80aydstatin.

Figure 9 shaws,anglageninean regulate awosiatineffects gn.myatube farmatign. Anglogenin is able to
negate
g formation synergistically compared to the either reagent in

10 isolation.
Figure 6 shows hierarchical clustering of

differentially expressed genes (based on a fold change of at

least £ 1.6 and P<.05) in C2C1l2 cells after 2hrs of
differentiation to form myotubes. C2C1l2 myoblast cells were

15 cultured in differentiation media (DMEM + 2%HS; control)
supplemented with bovine Angiogenin, Follistatin or combined
Genes showing increased expression are represented in red,
genes with decreased expression are represented in blue,
genes with no change in expression are represented in

20 yellow.

Figure 7 shows Angiogenin Blocking Peptide inhibits
myotube formation. The peptide (VFSVRVSILVF) specifically
blocks the angiogenin/actin interaction and inhibits the
angiogenin induction of myotube formation.

25 Figure 8 shows bovine Angiogenin can regulate myostatin
effects on myotube formation. Angiogenin is able to negate
the negative effect of myostatin (Myo) on muscle myotube
formation. The Angiogenin-Follistatin synergistic mechanism
recovers tube formation to control levels in the presence of

30 myostatin.

Figure 9 shows angiogenin can regulate myostatin
effects on myotube formation. Angiogenin is able to negate

the negative effect of myostatin (Myo) on muscle myotube

11



the negative effect of myostatin (Myo) on muscle myotube formation. The AnglogenEn-FollEstatEn
synergistic mechanism recovers tube formation to control levels in the presence of myostatEn. Figures
10 and 11 show protection of PC12 cells against 5 cell death upon serum starvation in the presence of
rhAngEogenEn + rhFollEstatEn relative to rhAngEogenEn alone or rhFollEstatEn alone. Results are
presented as Mean+SEM of replicate cultures (12 replicates for medium only control; 6 replicates for

rhAngEogentn-(da®pg/ml) ThAnglogénErLODdgimil) 18aad rhFeliEstatEns(Oitpgied) 23 ieplicates for
NGF controls)., ... [Fiare 12 shows anglogentn fed.in she diet ot 2.5molg feed under.ad Jaitum
feeding conditions Mcreases quadrrlceps weight in mice Ted for T month and allowed fo 15 exercise
freely on standard-egdemt running wheels. Figure 13 shows that anglogenEn fed in the diet at

2.5my/g feed under.ad,ibitum,fgeding condifions Increases [esulis n suscle flore. b frass sectionl
area (SA) changes in mice fed for 1 month and allowed to exercise 20 freely on standard rodent
runningdwheefs! Grdap thears for sonttol avipralareorepreserited irwhite darsoand group means for

anglogenEn treated apimals are represented.jn hlackbars; Standard deyiations ate given Eigure 14

shows that anglogenEn fed in the diet at 25 2.5mg/g feed under ad libitum feeding conditions
Increases distanceion bk Bay im nfée fedk fdrasmbhth ane alte\wees 16 exereisdfeadly oRlstandard

rOdaﬂrunmggﬁW¥%$%e cultures (12 replicates for medium only control; 6
replicates for rhAngiogenin (1.0ug/ml), bAngiogenin (10ug/ml)
10 and rhFollistatin (0.lug/ml); 3 replicates for rhNGF

controls) .

Figure 12 shows angiogenin fed in the diet at 2.5ug/g
feed under ad l1ibitum feeding conditions increases
quadriceps weight in mice fed for 1 month and allowed to

15 exercise freely on standard rodent running wheels.

Figure 13 shows that angiogenin fed in the diet at

2.5ug/g feed under ad libitum feeding conditions increases
results in muscle fibre type cross sectional area (SA)
changes in mice fed for 1 month and allowed to exercise
20 freely on standard rodent running wheels. Group means for
control animals are represented in white bars and group
means for angiogenin treated animals are represented in
black bars. Standard deviations are given.
Figure 14 shows that angiogenin fed in the diet at
25 2.5ug/g feed under ad libitum feeding conditions increases
distance run per day in mice fed for 1 month and allowed to
exercise freely on standard rodent running wheels.
Figure 15 shows that that angiogenin fed in the diet at
2.5ug/g feed under ad libitum feeding conditions reduces the
30 area of muscle necrosis in the quadriceps of MDX mice
allowed to exercise freely on standard rodent running

wheels.
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Figure 15 shows that that anglogenEn fed in the diet at 2.5mg/g feed under ad libitum feeding
conditions reduces the 30 area of muscle necrosis in the quadriceps of MDX mice allowed to exercise
freely on standard rodent running wheels. Detailed Description  Anglogenin is a 14 kDa,
non-glycosylated polypeptlde winch is produced by several growing cell types including vascular
endothelial cells, aortic smooth muscle cells, 5 fibroblasts, and some tumours such as colon
carcinomas De/zainhesdrbasamspaadhreast cancers. Anglogenin has been Isolated from a number of

sources including r}grquxcl)hgrrpftrrll pllaslsrgallao iB% plas(grr@,g ovirg)eS 'Ilét%réf:l mouse ra%a{a'teand pig sera.
10Anglogenin is homc(ﬁoggus to pancreatic rg onuclease and has distinct @Bor\{&ﬁgo ytlc activity. The

protein is aMélﬁotIkmqysemmdbloed v}eSS@Iegr_@waH; howgevendt has hotb@eﬁf estacbli_shieidlwhat role the
rgbonucleolyrlc agtivity of apglagenin plays,in anglogenesls induced by this protein 15As well as a

potent stimulator of anglogenesls, anglogenin has been shown to possess a number of other
activities. Howévarheretis noprévivesaisclosure of singlogenles éffactcar muselessther than via

increasing apglogeness, 20The Joventors;haye showp thatanglogenin righ purffiations.derived by

cation-exchange chromatography of milk fractions also contain follistatln, a protein of significantly
different chak§e prosetiés flafglByERei(data AELSHEwWN) 1 fthedrivd e BRglogeniirand follistatin

plasma, bovine plasma, bovine milk, and mouse, rabbit and
pig sera.

10 Angiogenin is homologous to pancreatic ribonuclease and
has distinct ribonucleolytic activity. The protein is able
to induce new blood vessel growth; however, it has not been
established what role the ribonucleolytic activity of
angiogenin plays in angiogenesis induced by this protein.

15 As well as a potent stimulator of angiogenesis,
angiogenin has been shown to possess a number of other
activities. However there is no previous disclosure of
angiogenin’s effect on muscle other than via increasing
angiogenesis.

20 The inventors have shown that angiogenin rich
purifications derived by cation-exchange chromatography of
milk fractions also contain follistatin, a protein of
significantly different charge properties to angiogenin (data
not shown). In the prior art, angiogenin and follistatin

25 have been shown to bind to each other in a yeast two-hybrid
model. The inventors show for the first time a biologically
significant interaction between angiogenin and follistatin
in mammalian cells. Follistatin is known as an antagonist
of myostatin, a protein said to control muscle growth and

30 development.

The invention in one aspect relates to the treatment of
disorders. The terms "treating" and "treatment" as used

herein refer to reduction in severity and/or frequency of
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25 have been shown to bind to each other in a yeast two-hybrid model. The Inventors show for the first
time a biologically significant interaction between anglogenin and follistatin in mammalian cells.
Follistatln is known as an antagonist of myostatln, a protein said to control muscle growth and 30
development. The invention in one aspect relates to the treatment of disorders. The terms "treating”
and "treatment” as used herein refer to reduction in seventy and/or frequency of symptoms,
elimination of wypiptoms andioriurdertyingocausenpreventiandf dre oocurréncenof symptoms
(prophylaxis ggg]/eog%hei%ung%r%ﬁng 8%%%?;’ aend Imprgv%memtg{nrsen'{edlatl n %(}jieirsn,’;lge. Thus, for

example, the presen metho e'treatlng “a disorder e %%passes%{)ﬂ?p?éventlon of the disorder in

a predisposed ihtividtrdleaind treatenehy of thecdiserderamd clinicafly syrptomatic individual.

“Treating” a%gag_%bsgefgg%%rsg%%gﬁe}tnm of, ar iyt e¥?<%l&9§1%f a candifion In.g.veftebiaty, a
mammal, 10 particularly a human, and Includes: inhibiting the condition, 1.e., arresting its
developmengfor'reliedihg or anelidiatingthe effectipbthecondition, R veaiseregedssidieof the

effects of the, canditian. "Rrophylaxis} ar,raphylagtic; or /reventative! 15 therapy asiysed herein

Includes preventing the condition from occurring or ameliorating the subsequent progression of the
condition in 8sedELE thatmay Be Prédispdsedtothexnditionl bt Fasinatlyet been diagnosed as

having It. In the prior-ast-myestagn is saiddo play.adole ip 200puscle fevelopmentandqa ngmber of
related disorders or diseases. In adults, myostatln mRNA is primarily detected in skeletal muscle

although lowSrEORRERTRLIGHS dreA86 fdurithinddifosEtdstiRIa cardidtofié&de: Myostatin knockout
mice haye twa-toithreertold greaterawsclermass thamgthelr inhibiting the

condition, i.e., arresting its development; or relieving or
ameliorating the effects of the condition, i.e., cause
regression of the effects of the condition.

“Prophylaxis” or “prophylactic” or “preventative”

15 therapy as used herein includes preventing the condition
from occurring or ameliorating the subsequent progression of
the condition in a subject that may be predisposed to the
condition, but has not yet been diagnosed as having it.

In the prior art myostatin is said to play a role in

20 muscle development and a number of related disorders or
diseases. In adults, myostatin mRNA is primarily detected in
skeletal muscle although lower concentrations are also found
in adipose tissue and cardiac tissue. Myostatin knockout
mice have two- to three-fold greater muscle mass than their

25 wild type littermates. The increased muscle mass 1s the
result of fibre hypertrophy and hyperplasia. In addition,
the myostatin knockout mice accumulate less fat than their
wild type littermates but otherwise appear normal and
healthy. Myostatin has also been recently shown to be an

30 important regulator of adipogenesis. Additionally, bone
structure and content has been recently studied in myostatin
deficient mice.

Since the inventors propose that myostatin actually
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25 wild type llttermates. The Increased muscle mass is the result of fibre hypertrophy and hyperplasla.
In addition, the myostatin knockout mice accumulate less fat than their wild type llttermates but
otherwise appear normal and healthy. Myostatin has also been recently shown to be an 30 Important
regulator of adlpogenesls. Additionally, bone structure and content has been recently studied in
myostatin deficient mice. Since the Inventors propose that myostatin actually antagonises the effect of
anglogenin emtheymusekes theyeprepose that angiogente oam beruseddortreat day diseage in winch
inhibition of mf/ostatlen hta}lsa;%reg}QUlSQ/ %%%nns%esé%d.u%ccgr%igg%/ aenagéo%ennln nay, %es usge[d in
accordance With 5 the present invention to Increase muscle mass,rlncrease bone deensﬁy, decrease
muscle wasvhitllgiohitaytbeouseafdl foy the tréatméritorpreverntionlof donditionsavtererthe

presence of myostafln.causes fg%%}i%g%é%”%?ﬁ?ée pathelagical effects. gr decreage of
myostatin levels has a 10 therapéutic benefit In mammals, preferably humans. In addition, anglogenin
may belused ketreaesaitionswhéreomyostailn 43 Aesdy stegalatednides Improved f6Hkistatinenediated

cell stimulatign,can be galllad.by addition of exagenaus anglogenin, d5Angjogenin can be used to

reduce the seventy of a pathologic condition, winch is Characterized, at least in part, by an abnormal
amount, deVelSpiesior métaboit attiviBrofrhusele & adiposertisatie i aldubjectIt ean de

administered {o prevepkameliorgte-qr reduce the-seyanty: 209f a yassk.1dphg.disorder, such as
cachexla, anorexia, AIDS was-L.11-1g syndrome, muscular dystrophies, neuromuscular diseases,

motor neuroRiSEa<es! dkbaséd Bfthe rEUrBRItISBaIZE juctiBH Cand InflanfEfly niifopathles. The
term "disordenassqeiated with-myestatlnn referst91s, preferably humans. In

addition, angiogenin may be used to treat conditions where
myostatin is not dysrequlated, but improved follistatin
mediated cell stimulation can be gained by addition of
exogenous angiogenin.

15 Angiogenin can be used to reduce the severity of a
pathologic condition, which is characterized, at least in
part, by an abnormal amount, development or metabolic
activity of muscle or adipose tissue in a subject. It can be
administered to prevent, ameliorate or reduce the severity

20 of a wasting disorder, such as cachexia, anorexia, AIDS
wasting syndrome, muscular dystrophies, neuromuscular
diseases, motor neuron diseases, diseases of the
neuromuscular junction, and inflammatory myopathies.

The term “disorder associated with myostatin” refers to

25 disorders of muscle, bone, or glucose homeostasis, and
include disorders associated with abnormal myostatin.

The invention extends to treatment of muscular
disorders and of diseases associated with muscular
degeneration characteristics. Non limiting examples of such

30 disorders are various neuromuscular diseases, cardiac
insufficiency, weakness of single muscles such as e.g. the
constrictor or bladder muscle, hypo- or hypertension caused

by problems with the constrictor function of wvascular smooth
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25 disorders of muscle, bone, or glucose homeostasis, and Include disorders associated with
abnormal myostatln. The invention extends to treatment of muscular disorders and of diseases
associated with muscular degeneration characteristics. Non limiting examples of such 30 disorders are
various neuromuscular diseases, cardiac insufficiency, weakness of single muscles such as e.g. the
constrictor or bladder muscle, hypo- or hypertension caused by problems with the constrictor function
of vascular smeathe mustlescellspimpetenee/erectite. dgsfapestiom dndantinehoe oAlDSreelated muscular

weakness, ner§l %nd a%e-relaied amé/oggoghza. Disorderslof muscle as re&erred to herein
. —related muscu ar(y akn %f %nd %Fnﬁrﬁ an %%Fﬁre ated

particularly 5'Inc udre muscle wasting conditions or diSorders m which muscle wasting s one of the

primary symptoms.rApiuistle is a tissue of the body that primarily functions as a source of power.

There are three types of yuscles,in the bogy: a),skeleta) muscle - sitiated musele;19,respogsible for

generating force that is transferred to the skeleton to enable movement, maintenance of posture and
breathiftg; b} sartligtemusele lahe dehitnauscliadand ensmoostiirmeiseiésthe usdld tHat is in the walls

of arteries apgd ggyvgl.wTatgetqlf%hqus Qf the &vegﬁign&g&gﬁp%dg&]c%ﬁgplicable to skeletal muscle

but may have some effect on cardiac and or smooth muscle. eletal muscle fibers are generally

classified as type | foXidati/e?s|ow) ar Biesitglgdolytle/fRsy fibéks They dishidyt tharked differences

in respect togconcentyation, 20 metaholism, andssuseeptiility do fatigue, Typed fibets are
mitochondria-rich and mainly use oxidative metabolism for energy production, which provides a stable

and long-lasting Stpply'of AT, &rfithus3are T5fdu-resitRe Type I5fiberd eBrhphise three sub-types:
lla, 11x; and lik: Jypedin2% fibers havedthedowegstdgyels of matochondrzal cantent andoxidative

enzymes, rely on glycolytzc metabolism as major energy source, and are susceptible to fatigue, while

the oxidative® &Rd ebRftactiorPRMREEN SO P8 Har aff iR i etwEer? fype Sdmtr fib 2Adult skeletal
muscle shows 38 plastigity mndandingderge senversiorrketwegnditferent fiberstypes in response to

exercise training or modulation of motoneuron activity. . ,
smooth muscle — the muscle that i1s in the walls of arteries
and bowel. The methods of the invention are particularly

15 applicable to skeletal muscle but may have some effect on
cardiac and or smooth muscle.

Skeletal muscle fibers are generally classified as type
I (oxidative/slow) or type II (glycolytic/fast) fibers. They
display marked differences in respect to concentration,

20 metabolism, and susceptibility to fatique. Type I fibers are
mitochondria-rich and mainly use oxidative metabolism for
energy production, which provides a stable and long-lasting
supply of ATP, and thus are fatigue-resistant. Type II
fibers comprise three sub-types: IIa, IIx, and 1Ib. Type 1lIb

25 fibers have the lowest levels of mitochondrial content and
oxidative enzymes, rely on glycolytic metabolism as major
energy source, and are susceptible to fatigue, while the
oxidative and contraction functions of type IIa and IIx lie
between type I and IIb. Adult skeletal muscle shows

30 plasticity and can undergo conversion between different
fiber types in response to exercise training or modulation

of motoneuron activity.
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Determination of the muscle fiber composition in athletes revealed that elite endurance athletes have
relatively more type | fibers than type Il fibers in the trained musculature. Marathon runners also tend
to have more 5 type | fibers. It was suggested that type | fiber might be a factor governing physical
endurance capacity. On the contrary, ageing and physical inactivity are conditions associated with a
decrease in type | fibers, oxidative capacity and Insulin sensitivity. It appears that 10 the muscle
oxidative capacity iBsteruniah factomrfor detérmining @hdufarcerandbfatigue resistaice. There seem to
be an adaptive metabolic response aof skeletal muscle to endurance exercise by controlling the number
of oxidative ?n%%r?:%ttﬁbsergig/%)ﬁ?%e% ??5'?%9} ESn\%}%?éﬂaé%csie?e%%fn%i%éea. \é?type lIb to type lla
and type | isregalatet:by differenttsigralling pathwraysh For eyampleltheiRas/mltogehtactivated protein

kinase (MARK), eglcinepin,. Gaiclym/calmodulip-dependent pt tSifs‘%”%%%%V@@dh@seo%%@éome

proliferator y 20 coactivator 1 (PGC-I). Anglogenin may modulate these pathways and such may have
an InfluencetofPthelskeléakmuséle fiess. sugypkiseld wasting: yeferd td theeprogiessiveooss of

muscle mass and/or tgét\}%pﬁqg'{ssg}@g\ﬁe@ggnmgggegggg@{igg of muscles, including the

skeletal or voluntary muscles winch control movement, cardiac muscles winch control the heart, and
smooth muscles. IIP8né& _bRIRERE Yhe ARERIWASEhGPENIRdiFSH of Biz6FdeFis & chfénic muscle

wasting conditign or disarder, sChronie musclewasting' is 30defined fiexein as;the.chronic (lie.
persisting over a long period of time) progresswe loss of muscle mass and/or to the chronic
progressive WeskehingcaritP@egeriefafidr! of tidelel sensitivity. It appears that

10 the muscle oxidative capacity is a crucial factor for
determining endurance and fatigue resistance. There seem to
be an adaptive metabolic response of skeletal muscle to
endurance exercise by controlling the number of oxidative
muscle fibers (type I fibers).

15 The conversion of skeletal muscle fiber type IIb to
type IIa and type I is regulated by different signalling
pathways. For example the Ras/mitogen-activated protein
kinase (MAPK), calcineurin, calcium/calmodulin-dependent
protein kinase FV and the peroxisome proliferator y

20 coactivator 1 (PGC-I). Angiogenin may modulate these
pathways and such may have an influence on the skeletal
muscle fibers.

“"Muscle wasting" refers to the progressive loss of
muscle mass and/or to the progressive weakening and

25 degeneration of muscles, including the skeletal or voluntary
muscles which control movement, cardiac muscles which
control the heart, and smooth muscles. In one embodiment,
the muscle wasting condition or disorder is a chronic muscle
wasting condition or disorder. "Chronic muscle wasting" is

30 defined herein as the chronic (i.e. persisting over a long
period of time) progressive loss of muscle mass and/or to
the chronic progressive weakening and degeneration of

muscle.
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The loss of muscle mass that occurs during muscle was-L.11-1g can be characterized by a muscle
protein breakdown or degradation, by muscle protein catabolism. Protein catabolism occurs because
of an unusually high rate of 5 protein degradation, an unusually low rate of protein synthesis, or a
combination of both. Protein catabolism or depletion, whether caused by a high degree of protein
degradation or a low degree of protein synthesis, leads to a decrease in muscle mass and to muscle
was-L.11-1g. The téim 10c'catahblisms has itsscosnmbaly knownrmedmingnio the set] specifically an
energy burnln% fgrm of [meta O|IS raMUSde was;L L.11- 1Ig can,occur as a, resé]It of gcpathology

|

disease, conc ]fégn or disorder. Iah Snie embo |me|¥t the pat% ﬁlness sease or conch-L. 18)n

is chronic. 15 daottetEmivadiment Imhécphmowgamlimessad@eaée@ncoﬁmteﬂ&n is genetic. In
another embcoad&rgggtlt %pg@@&q:gsy &Igpﬁsglsggs%gr 199?%}{1511 nllﬁ %urp(liotggcag In another

embodiment, the pathology, Iliness, disease or conch-L.18)n Is inf ctlou As descrlbed herein, the
pathologies disdasies, 20 condhiit8)nsat disorderslfoy wiieh thetcompgoumdstandicompositions of

the present inygetion ate adpinisteiethate hos tat dieily op indiiecty piaduena wpsl- 11-19 (e

loss) of muscle mass, that is a muscle was-L.11-1g disorder. Especially preferredis the treatment of
neuromuscule2Z diseasesiirickarecaighed vith pint b¥ skerE efernites 16 Bhe embodiment,

muscle wasd.11-1947 sphigctds adgsutghihe sybjedt having a muscular dystraphys muscle

atrophy; or X-linked spinal-bulbar muscular atrophy (SBMA). 30The muscular dystrophies are genetic
diseases chafEtEzed By progPessivédeakaess and Begensratian bt it skelstal 8¢ Foluntary

muscles that eantsel maevements Ihetauscles,ghthe heast,and samerether Inveluniary muscles are
specifically an energy burning form of metabolism.

Muscle wasting can occur as a result of a pathology,
disease, condition or disorder. In one embodiment, the
pathology, illness, disease or condition is chronic. In

15 another embodiment, the pathology, illness, disease or
condition is genetic. In another embodiment, the pathology,
illness, disease or condition is neurological. In another
embodiment, the pathology, illness, disease or condition is
infectious. As described herein, the pathologies, diseases,

20 conditions or disorders for which the compounds and
compositions of the present invention are administered are
those that directly or indirectly produce a wasting (i.e.
loss) of muscle mass, that is a muscle wasting disorder.

Especially preferred is the treatment of neuromuscular

25 diseases which are aligned with joint or skeletal
deformities. In one embodiment, muscle wasting in a subject
is a result of the subject having a muscular dystrophy;
muscle atrophy; or X-linked spinal-bulbar muscular atrophy
(SBMA) .

30 The muscular dystrophies are genetic diseases
characterized by progressive weakness and degeneration of
the skeletal or voluntary muscles that control movement. The

muscles of the heart and some other involuntary muscles are
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also affected in some forms of muscular dystrophy. The major forms of muscular dystrophy (MD) are:
duchenne muscular dystrophy, myotonlc dystrophy, becker muscular dystrophy, limb-girdle muscular
dystrophy, facloscapulhumeral muscular 5 dystrophy, congenital muscular dystrophy, oculopharyngeal
muscular dystrophy, distal muscular dystrophy and emerydrelfuss muscular dystrophy. Muscular
dystrophy can affect people of all ages. Although some forms first become apparent in Infancy or 10
childhood, others nagfyf rottappear untimiddierageor lates.dduchemesVDasttlye nigst cominan form,

typically affej%ig chg(%renug/lé/&%nrlc dg/ssérlgghg ISt r)noasg: com uorh%f ntQSSIen dissggfe% in adults.
Muscle atrophy (MA) is (I:Til‘laracterlzeéJl y was-L11- g away or 1 diminution of muscle and a decrease
in muscle mdss. tRorexample cRostiRolityMArisrdhimustleakas:Litis ty that oteatsrapart of the post-

polio syndrome, (FR) d1e sitaply lnsludes wealoss. musde gy, snd pain, AnatheLype of MA

is X-linked spina r muscular 20 atrophy (S also known as Kennedy's Disease). Tins
diseasedarises fronpaltefectin de androgenyeceptor geae oathe X clrohtusomie,affeets only males,

and its onsef, 5o, adithgod. Sassapenla.is adebiitating disease thayaffictshezneigerly and

chronically 111 patients and is characterized by loss of muscle mass and function. Further, Increased
lean body m@ss i #ssociaredwithrdecreaséed rorbidity and mortality for certain muscle-was-L.11-1g

disorders. In additign, Qthercircumstanees,and conditions are. lipked tor apd can 30cause muscle
was-L.11-1g disorders. For example, studies have
Although some forms first become apparent in infancy or

10 childhood, others may not appear until middle age or later.
Duchenne MD is the most common form, typically affecting
children. Myotonic dystrophy is the most common of these
diseases in adults.

Muscle atrophy (MA) is characterized by wasting away or

15 diminution of muscle and a decrease in muscle mass. For
example, Post-Polio MA is a muscle wasting that occurs as
part of the post- polio syndrome (PPS). The atrophy includes
weakness, muscle fatigue, and pain.

Another type of MA is X-linked spinal-bulbar muscular

20 atrophy (SBMA - also known as Kennedy's Disease). This
disease arises from a defect in the androgen receptor gene
on the X chromosome, affects only males, and its onset is in
adulthood.

Sarcopenia 1s a debilitating disease that afflicts the

25 elderly and chronically ill patients and is characterized by
loss of muscle mass and function. Further, increased lean
body mass is associated with decreased morbidity and
mortality for certain muscle-wasting disorders. In addition,
other circumstances and conditions are linked to, and can

30 cause muscle wasting disorders. For example, studies have
shown that in severe cases of chronic lower back pain, there

is paraspinal muscle wasting.
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shown that in severe cases of chronic lower back pain, there is paraspinal muscle was-L.11-1g.
Muscle wasting and other tissue wasting is also associated with advanced age. It is believed that
general weakness in old age is due to muscle wasting. As the body ages, an increasing proportion of
skeletal muscle is 5 replaced by fibrous tissue. The result is a significant reduction in muscle power,
performance and endurance. Long term hospitalization due to iliness or Injury, or disuse
decondEtlonEng that ecdursyfos exampe,dvherna fintbiissmenokikizeid) canalsd kead to muscle

wasting, or wasting, 1 of other fissue, Studies have shownthat in patients suffering injuries, chronic
illnesses, burns, trauma or cancer, who are hospitalized for long periods of time, there Is a long-lasting
unilateral musti&nasting,rard d degrease idbddyanass: dbinjuaes ondamagettbehédedntral nervous

system (CN%’&‘%‘? alsg afﬁ%‘ijé‘éesdi%&h 16 wasting, and Qéﬁ%ft"é{%sms%%r_dle%s- Injuries or
damage to thé CNS can be, for example, caused by diseases, tfrauma or chemicals. Examples are
central herve djupcecdarage paripherdlsmiee 1Moy 2@ erdamageaneispindicord njury or

damage. In ane embodiment GNS damage of Injury, somprise. Alzheimer's,diseases (AD); stroke,

anger (mood); anorexia, anorexia nervosa, anorexia associated with aging and/or assertiveness
(mood). 25In anothep eehbciie AL FRUScid Wasting br Sitrer tigsde Wastifig Piay-ba alBsul® bf

alcoholism. 4; dnQnesembpdimentnthevasting disease, disordergpgenditionheinglreated is
associated with chronic iliness This embodiment is directed to treating, in some
is immobilized, can also lead to muscle wasting, or wasting

10 of other tissue. Studies have shown that in patients
suffering injuries, chronic illnesses, burns, trauma or
cancer, who are hospitalized for long periods of time, there
is a long-lasting unilateral muscle wasting, and a decrease
in body mass.

15 Injuries or damage to the central nervous system (CNS)
are also associated with muscle wasting and other wasting
disorders. Injuries or damage to the CNS can be, for
example, caused by diseases, trauma or chemicals. Examples
are central nerve injury or damage, peripheral nerve injury

20 or damage and spinal cord injury or damage. In one
embodiment CNS damage or injury comprise Alzheimer's
diseases (AD); stroke, anger (mood); anorexia, anorexia
nervosa, anorexia associated with aging and/or assertiveness
(mood) .

25 In another embodiment, muscle wasting or other tissue
wasting may be a result of alcoholism.

In one embodiment, the wasting disease, disorder or
condition being treated is associated with chronic illness
This embodiment is directed to treating, in some

30 embodiments, any wasting disorder, which may be reflected in
muscle wasting, weight loss, malnutrition, starvation, or
any wasting or loss of functioning due to a loss of tissue

mass.
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30 embodiments, any wasting disorder, which may be reflected in muscle wasting, weight loss,
malnutrition, starvation, or any wasting or loss of functioning due to a loss of tissue mass. In some
embodiments, wasting diseases or disorders, such as cachexla; malnutrition, tuberculosis, leprosy,
diabetes, renal disease, chronic obstructive pulmonary disease (COPD), cancer, end stage renal
failure, sarcopenla, 5 emphysema, osteomalacla, or cardlomyopathy, may be treated by the methods
of this invention  Iin same emtodirireats; svastiag is dye do #dfection with @hterodkuss Epstein-Barr
virus, herpesé 1§(C):%ter, Hlva trkyggggs;orpngﬁ,nlg luenze cox%%%kl% Cricfetstsia, trE:ehlnreAIgt 10schlstosoma or

o ; p :
mycobacterla. Eachiexla is weakness an étfolssnéf Welgﬁt caused t?y a dlgeaseyor as a side effect

of iIIness._ng’timmexlraellad aiﬁm@_@leeprotéimwa'sdngb)ﬁ poﬂn@mréh&bm@@wletgl mu_scle, is a
characteristg of gondestisdhgar 15 fallue. Cancercashexias & merome thatogeis I atients

with solid tumors and hematological malighancies and is manifested by weight Toss with massive
depleticn of o adipose tisstie and leanimusele massl iCachaxi kyalsoesel i acquite

immunodefig§n(‘t¥1g0r§¥@g@@%e (A'DS); buman dmmuppdeficiency virus (HIV)- associated myopathy

and/or muscle weakness/wasting is a relatively common clinical manifestation of AIDS. Individuals with
HIV-associated mybpathyiist ralsele ikhess 6f WasbtiAy bpichlly éxpetiehee sigificaht Weight loss,

25 generalized:Qrprgximal muscle weakaess; tendeyrness,andomuseleatiophyry, Untreated muscle
wasting disorders can have serious health consequences. The changes that occur during muscle

wasting can €3 &5'a srdEkened phisRarStatersEiftigliR 307 3¢drerformanteé bf tHe Body and
detrimental health-effectsa or mycobacteria.

Cachexia is weakness and a loss of weight caused by a
disease or as a side effect of illness. Cardiac cachexia,
i.e. a muscle protein wasting of both the cardiac and
skeletal muscle, is a characteristic of congestive heart

15 failure. Cancer cachexia is a syndrome that occurs in
patients with solid tumors and hematological malignancies
and is manifested by weight loss with massive depletion of
both adipose tissue and lean muscle mass.

Cachexia is also seen in acquired immunodeficiency

20 syndrome (AIDS), human immunodeficiency virus (HIV) -
associated myopathy and/or muscle weakness/wasting is a
relatively common clinical manifestation of AIDS.
Individuals with HIV-associated myopathy or muscle weakness
or wasting typically experience significant weight loss,

25 generalized or proximal muscle weakness, tenderness, and
muscle atrophy.

Untreated muscle wasting disorders can have serious
health consequences. The changes that occur during muscle
wasting can lead to a weakened physical state resulting in

30 poor performance of the body and detrimental health effects.

Thus, muscle atrophy can seriously limit the

rehabilitation of patients after immobilizations. Muscle

wasting due to chronic diseases can lead to premature loss
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Thus, muscle atrophy can seriously limit the rehabilitation of patients after Immobllizatlons. Muscle
wasting due to chronic diseases can lead to premature loss of mobility and Increase the risk of
disease-related morbidity. Muscle was-L.11-1g due to disuse is an especially serious problem in
elderly, who may already suffer from age- related deficits in muscle function and mass, leading to 5
permanent disability and premature death as well as Increased bone fracture rate. Despite the clinical
Importance offtheatondition fendireatments exishto preventdr ieesesthrercongitean. The Inventors
propose that ar%%g)g?nln can be g%eqﬂ to reven%aréd Itrga&muscle vilasls-L.ll-lﬁ 10.or altrophy

. . 11y 2 .
associated with any oﬂﬁe conditions rented above. And]%éesr?ln, paartrllmﬁg 3? in combination with

folllstatin or amehcammils_@érbdmraldy i_slsm)erheneﬁ_mtonbe’ nedroprdtective and _hém@ fimdeutility in
treating 15 nguralpgicaldisorders of diseases affecting the neryqus, system, particylarly motor neurone

diseases. Exemplary motor neuron diseases that can be treated with anglogenin Include Amyotrophlc
Lateral Sclerssisngale3)t(asbslatown: 45 Lo G emighs Diseasey dihfantife Redgkessive Spinal Muscular

20 Atrophy (SVACSMAL Or W) (alsodnaum.as SMA Type 1. Werdnig Hgifman), Intermediate Spinal

Muscular Atrophy (SMA or SMA2) (also known as SMA Type 2), Juvenile Spinal Muscular Atrophy
(SMA, SMA3BPKVVREISO Riowh s SMA T3, ki els&ybmeldritle?): Spindl Butsamiscular

Atrophy 25(3BMA) falsoknonn as Kenpedy s Disease;and Xcldpked, s5MAL apd Adult Spinal

Muscular Atrophy (SMA).  Exemplary Inflammatory myopathles that can be treated with anglogenin
Include DerrRBOMEESHIS(FMIDMT PEifty681028IPRIDMRand FrdiisiB Boly Myss1tEs 1BM).

10 or atrophy associated with any of the conditions recited
above.

Angiogenin, particularly in combination with
follistatin or when administered orally is shown herein to
be neuroprotective and hence find utility in treating

15 neurological disorders or diseases affecting the nervous
system, particularly motor neurone diseases. Exemplary
motor neuron diseases that can be treated with angiogenin
include Amyotrophic Lateral Sclerosis (ALS) (also known as
Lou Gehrig's Disease), Infantile Progressive Spinal Muscular

20 Atrophy (SMA, SMAl or WH) (also known as SMA Type 1,
Werdnig-Hoffman), Intermediate Spinal Muscular Atrophy (SMA
or SMA2) (also known as SMA Type 2), Juvenile Spinal
Muscular Atrophy (SMA, SMA3 or KW) (also known as SMA Type
3, Kugelberg-Welander), Spinal Bulbar Muscular Atrophy

25 (SBMA) (also known as Kennedy's Disease and X-Linked SBMA),
and Adult Spinal Muscular Atrophy (SMA).

Exemplary inflammatory myopathies that can be treated
with angiogenin include Dermatomyositis (PM/DM),
Polymyositis (PM/DM), and Inclusion Body Myositis (IBM).

30 Exemplary diseases of the neuromuscular junction that
can be treated with angiogenin include: Myasthenia Gravis
(MG) , Lambert-Eaton Syndrome (LES), and Congenital

Myasthenic Syndrome (CMS) .
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30Exemplary diseases of the neuromuscular junction that can be treated with anglogenin Include:
Myasthenia Gravls (MG), Lambert-Eaton Syndrome (LES), and Congenital Myasthenlc Syndrome
(CMS). Exemplary myopathies due to endocrine abnormalities that can be treated with angiogenin
include Hyperthyroid Myopathy (HYPTM) and Hypothyroid Myopathy (HYPOTM). Exemplary diseases
of peripheral nerve that can be 5 treated with angiogenin include Charcot-Marie-Tooth Disease (CMT),
Dejerine-Sottas DiseasedDS)yany piedireietss Ataxia ¢FAhDihel exeriptary mayiopatides that can be

treated with ogenln Include Myotonla Congenita (MC), Paramyotonla 10Congenita (PC), Central
Core Diseas%ﬂ lCCIS)E,“Nelion?aﬂ:nreeI@I}él?)([:%’atvl%/%(ﬁlV\%r}?{/f’y% l%lu)]gr ch%gt ?/ ro%lﬁiléﬁnd Periodic
Paralysis (PRyopatifngléherii can atsdlye ased to prordfotepadimd hEdlRGand to treat wounds, both

of winch uses hav ' 0 for t In inhibitar ry,metabolic
diseases of musclZEIt?r{\rglt}{@ar%I %/g)t;%gl}tég vaélt%o aof% g%n%éc%d% E’ ggghzcr%z?égﬁckﬁregncy (MPD or
PYGM);? And-Kratase Deficle ey JAMB), Phosphdfgstof hrasedDefiGienisy(FKW), Delsrancher

Enzyme 20 Defigiency, (DBD) M1tochondrigl;Myapathy (MJT0), Carpifine Deficiency (GD), Carnffine
Palilityl Transferase Deficiency (CPT), Phosphoglycerate 1(11-lase Deficiency (PGK),

Phosphoglydérate Mutase Deficiency (PGAM or PGAMM), Lactate Dehydrogenase Deficiency
(LDHA), and Myoademyate-Rearinase, 2nReficiency{MAR). Thesediseaseshaye,preyiously been
proposed to be treated by myostatin inhibitors.
angiogenin include Myotonia Congenita (MC), Paramyotonia
10 Congenita (PC), Central Core Disease (CCD), Nemaline
Myopathy (NM), Myotubular Myopathy (MTM or MM), and Periodic
Paralysis (PP).

Angiogenin can also be used to promote wound healing

and to treat wounds, both of which uses have previously been
15 proposed for myostatin inhibitors.

Exemplary metabolic diseases of muscle that can be
treated with angiogenin include Phosphorylase Deficiency
(MPD or PYGM), Acid Maltase Deficiency (AMD),
Phosphofructokinase Deficiency (PFKM), Debrancher Enzyme

20 Deficiency (DBD), Mitochondrial Myopathy (MITO), Carnitine
Deficiency (CD), Carnitine Palmityl Transferase Deficiency
(CPT), Phosphoglycerate Kinase Deficiency (PGK),
Phosphoglycerate Mutase Deficiency (PGAM or PGAMM), Lactate
Dehydrogenase Deficiency (LDHA), and Myocadenylate Deaminase

25 Deficiency (MAD). These diseases have previously been
proposed to be treated by myostatin inhibitors.

In the accompanying experiments the inventors show that
angiogenin reduces fat. This has previously been shown for
myostatin inhibitors and shows that angiogenin can be used

30 to treat disease connected to impaired lipid metabolism such
as dyslipidemia and related lipid abnormalities such as
hyperlipidemia, hypercholesteremia, hypertriglyceridemia and

mixed dyslipidemia.
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In the accompanying experiments the Inventors show that anglogenlin reduces fat. This has previously
been shown for myostatin inhibitors and shows that anglogenin can be used 30 to treat disease
connected to impaired lipid metabolism such as dyslipldemla and related lipid abnormalities such as
hyperlipldemla, hypercholesteremla, hypertrlglycerldemla and mixed dyslipldemla. Dyslipldemla
is characterized by abnormalities in circulating lipid levels due to alterations in lipid metabolism. These
abnormalities can Ingkidé@inyeonexori severalefdhe differdntgircutatmgulipid fractiorisi5(cholesterol,

triflycerlide, lipaoproteif).. Dyslipldemla.Includes hypercholesterolemla, which is an.elevation of serum
cholesterol acblor\l/)%ut %inor}éaﬁpﬁﬁtlr?nolrren\é?sggfeq%ﬁ ig %p%?o&?rﬁ%?ﬁf fﬁsthénrar%g of 125-200 mg/dl in
human bloodl; hypertrifiyceritersia vehick isnan ifcrease ahsemuni t0¢rifflycerlides above the normal

level (norm fe lliift is ap [ ' r . m [ 1 blood) and mixed lipid
disorders. aéggy?esli%{olidegnﬁa%%u%gﬁég%ﬁﬁﬂﬁ%%?ﬂn%g ;fﬁgg r%%e%]dd?/fs%%r%%?n%os(hyperlipldemIa).

Hypertriflycefliderhisineoivés 151 afevingihe devels obe@mydowdensitpligopimisia(eDL), while mixed
dyslipldemlai@é@ggi@gde?l&M&@Satgg@pg}ﬂigp bath bypedriflyceridemlaand . ¢

hypercholesterolemla and'is also often associated with a drop in high density lipoprotein (HDL) levels.
Thus, 20 dySifplaem NS kist-& Bisbra®aiipoprote i e taboliBith&T fESimts iF afovelprb8uction or a

deficiency of; lipopsateins: Pyslipldemla is,\ypically characterizeghby any gne o mofg-0f the following:
elevated plasma triflycerlides, elevated total plasma cholesterol, low High Density 25 Lipoprotein
cholesterol (MESE), elévated fevelsl SFEdw Tdhsity Tipdtotein eRoleSEeFSIXEDLYD. FBFBXample,

dyslipldemla-may be-ene aemose ot thedfiollowing,conditionsi low 5iRl=¢ (3F 8r 49mgldL)s high
triflycerlides (>200mg/d1), high LDL-c (>150mg/d1%, elevated cholesterol (>200mg/d1). 30Dyslipldemla
is widely corfSiBered dedie 8 the i kARt forlarditta8uldh vadeuta@iBe &60@VD) and

atherogenesif, £ardigvasaularidiseriess aee-among the leading causes of disability and death
worldwide. High serum_ = . o , . . .
Dyslipidemia includes hypertriglyceridemia and mixed
dyslipidemia (hyperlipidemia). Hypertriglyceridemia involves

15 a rise in the levels of very low density lipoprotein (VLDL),
while mixed dyslipidemia (hyperlipidemia) involves a
combination both hypertriglyceridemia and
hypercholesterolemia and is also often associated with a
drop in high density lipoprotein (HDL) levels. Thus,

20 dyslipidemia is also a disorder of lipoprotein metabolism
that results in an overproduction or a deficiency of
lipoproteins. Dyslipidemia is typically characterized by any
one or more of the following: elevated plasma triglycerides,
elevated total plasma cholesterol, low High Density

25 Lipoprotein cholesterol (HDL-c), elevated levels of Low
Density Lipoprotein cholesterol (LDL-c). For example,
dyslipidemia may be one or more of the following conditions:
low HDL-c (<35 or 40mg/dl), high triglycerides (>200mg/dl),
high LDL-c¢ (>150mg/dl), elevated cholesterol (>200mg/dl).

30 Dyslipidemia is widely considered as one of the main
risk factor for cardiovascular vascular diseases (CVD) and
atherogenesis. Cardiovascular disorders are among the

leading causes of disability and death worldwide. High serum
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cholesterol, particularly cholesterol associated with LDL and VLDL, is one of the principal risk factors
for atherogenesif. High triflycerldes, Increased small LDL, and decreased HDL levels all appear to be
Independently 5 atherogenif. There is a strong Inverse association between plasma HDL and the risk
of CVD. A positive association exists between LDL cholesterol and risk of CVD. Thus, the risk of
coronary artery disease Increases when LDL and VLDL levels Increase while imp levels of cholesterol
carried in 10cHBLds protettiveoagainstdoroharycartdry glisease. Juflycerkdesdlso seemd play an
Important role in High level of fasting triflycerldes is a strong risk factor for Ischaemif heart
disease in efgé?lygn\%/eBrIT 1ng‘espe%%%nﬁy§ 0 %t er %}la{]grl |§I<§fa%%osr% i%ﬁﬁ&%éﬁﬂgf-%holesterol. People 15
with combined nypedipidemit wiichyls charadterized dyeleviated seaar leveld of both, cholesterol and

triflycerldes, yun f‘e@ pRer %ofl@%aeq gi_sgﬁe é{l%%g@sg With.only a.i Eghé:pylesterol level.

Therefore, lowering both levels is a desired goal. 20Diseases connected to impaired glucose
metabofism anbiémpaiead msulinsction Includé diabetes retlitas  aaspeciaily tiaberes wedlitus type 1

and 2, more espegially (Ron: autelmmyne) noj-Insyin dependent;diabgtes mellitus (NIDDM; so called

Type 2 fiabetes). Another such disease is 25 syndrome X or metabolic syndrome. Diabetes mellitus

defines a cofipléx 6f Rretatsstie disdasesderived Trom amdltiple Tausative/factdrand isharacterized

by impaired glucosg metabglism, usyally assaciatedswith impaired proteinand fat metabelism. This 30
results in elevated fasting and postprandial serum glucose that leads to comﬂlcatlonjs if left untreated.
Four differertS8fns of Biabetemilitusareiiowht () §/petl alabefestpefitusS P t/pe 2diabetes

mellitusy (3) the,Sq-s caled gestatianaldiabetes maellitys whichdaging osisyggognized for the first time
during pregnancy, and (4) some other forms which are mainly based on genetic defects. The term

"diabetes mAMtE HiGidEle Ut fSRotEeRMitea 16 1Adtaddlic BBRSAIcs SRS MéRased blood
glucose leveliopesity-assoeiatethpathalogias, dnpaked ghicose telepanesn ncreased nsulin

resistance, hyperlipldemla, dyslipldemla, Increase in cholesterol (hyperchalesterinemla,
hypertriglyc ﬂﬁﬂﬁ@ﬁhaemlc heart disease in elderly mén independently of
other major risk factors including HDL-cholesterol. People

15 with combined hyperlipidemia, which is characterized by
elevated serum levels of both cholesterol and triglycerides,
run a higher risk of heart disease than those with only a
high LDL cholesterol level. Therefore, lowering both levels
is a desired goal.

20 Diseases connected to impaired glucose metabolism and
impaired insulin action include diabetes mellitus,
especially diabetes mellitus type 1 and 2, more especially
(non- autoimmune) non-insulin dependent diabetes mellitus
(NIDDM; so called Type 2 Diabetes). Another such disease is

25 syndrome X or metabolic syndrome.

Diabetes mellitus defines a complex of metabolic
diseases derived from multiple causative factors and is
characterized by impaired glucose metabolism, usually
associated with impaired protein and fat metabolism. This

30 results in elevated fasting and postprandial serum glucose
that leads to complications if left untreated. Four
different forms of diabetes mellitus are known, (1) type 1

diabetes mellitus, (2) type 2 diabetes mellitus, (3) the so-
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10 hyperinsulinemla, hypertension, and microalbuminurla. Impaired glucose tolerance and impaired
fasting glucose are the two symptoms referred to as pre-diabetes mellitus. This stage is associated
with the so-called Insulin resistance, one of a group of metabolic diseases called "syndrome X" or 15
"metabolic syndrome”, particularly associated with a high fat to muscle ratio. Since type 2 diabetes
mellitus is often associated with other symptoms from syndrome X, such as hypertriglycerldemla or
dyslipldemla; ahtl¢he gise tof anglogenthi sireule greatlyllimproye tie fat toawisce ratioicf 20 a subject

the methodsI%f tge {%Sg{'t é%\éenéik?n are laslsto %%erfgl fC({)r %Qe treatment or éarev%ntgn(%f)sysngﬁome X.
The two major forms of diabetes mellitus are the type T ana(%yge 2 Uiabetéd merilltus, &f which type 2
diabetes mellittsis themestvgrévailiag forma ype bane type2 @5rdiahieted edellitus are associated

with hyperglycemiaTlpgp%recprgIesﬁrggeé@gsar}g?mir{e{@%de%ac ﬂﬂ?eié‘?e_%ﬂ ivity_to Igsulin and absolute
|

Insulin deficiency in type 1 and 2 diabetes mellitus leads to a decrease in glucose utilization by the
liver, mascleland tivedadipesatissipr and taeraasedi 30 biootliglicese levelss ypedntrothad!

hyperg'yceg%]%%éé%oci%t@g with.the dysfunction and-failute.of varioys argans,sugh ag the eyes, heart,

blood vessels, kidney and nerves thus leading to Increased and premature mortality due to an
Increased risK isr PhiffovaIGRAT SRt meefo\vRealar disgases, ineltigigmeshropathy, neuropathy,

retilopathy, yigeration.of thelegs angkfeet falty liver disease, fwperensigncardioyascular diseases,
and cerebrovascular 5 diseases (stroke), the so-called diabetic complications. Recent evidence

showed that tijfe glyceriFcortrot IS8 hajoFfaefor i Hye prventi6R bR these complications in both type
1 and type 2digbetesdnellitusy Therefores pptimal glyceniilcaptrol by deugs: arthesapeutic regimens is
an 10 Important approach for the treatment of diabetes mellitus. .
Impaired glucose tolerance and impaired fasting glucose are
the two symptoms referred to as pre-diabetes mellitus. This
stage 1s associated with the so-called insulin resistance,
one of a group of metabolic diseases called "syndrome X" or
15 "metabolic syndrome", particularly associated with a high
fat to muscle ratio. Since type 2 diabetes mellitus is often
associated with other symptoms from syndrome X, such as
hypertriglyceridemia or dyslipidemia, and the use of
angiogenin should greatly improve the fat to muscle ratio of
20 a subject the methods of the present invention are also
useful for the treatment or prevention of syndrome X.
The two major forms of diabetes mellitus are the type 1
and type 2 diabetes mellitus, of which type 2 diabetes
mellitus is the most prevailing form. Type 1 and type 2
25 diabetes mellitus are associated with hyperglycemia,
hypercholesterolemia and hyperlipidemia. The insensitivity
to insulin and absolute insulin deficiency in type 1 and 2
diabetes mellitus leads to a decrease in glucose utilization
by the liver, muscle and the adipose tissue and to increased
30 blood glucose levels. Uncontrolled hyperglycemia is
associated with the dysfunction and failure of various
organs such as the eyes, heart, blood vessels, kidney and

nerves thus leading to increased and premature mortality due
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Type 1 diabetes mellitus is the form of diabetes mellitus which usually begins with childhood or puberty
and is characterized by an auto-ilmune destruction of the Insulin- producing 13-cells leading to a
complete deficiency 150f Insulin secretion. Type 2 diabetes mellitus is the form of diabetes mellitus
which occurs predominantly in adults in whom adequate production of Insulin is available in the early
stage of the diseases, yet a defect exists in Insulin 20 sensitivity, especially in insulin-mediated
utilization andbmetabiolismeefsgldcosiesin peripheialtisgaes:ulllerchanyesain vavioas tissues associated

with type 2 diabetes mellitus exist even before clinical symptoms are detected. Also contemplated is
the treatment oY T 25 O T as Ty e (S5 BES oh nitayan TRBAaRGe) and

adipose tissue disordersneqf oTbTes_'I'ﬂyE)g s a_(Dﬂhe_f@S@s foraangiodenikin atcortahee with the invention
Include for treatment of. osieoporosis, sspeciglly.in the elderly.and/orpesimenopausal wamen:

glucocortilold- 30Induced osteoporosis; osteopella; osteoarthrgills; osteoporosis-related fractures; and
traumatic or@&hsenie afjuristonntisdle tisbae sPurtver e sdoringlogeniPimeludestréathent of low bone

mass due to chronig_glugocartilold therapy, premature. gqnadal fajlure. androgen, syppression, vitamin

D deficiency, secondary hyperparathyroldlsm, nutritional deficiencies, and anorexia nervosa. 5The
invention in BfhE? AspecisHsd Bottemptategention of these complications in

both type 1 and type 2 diabetes mellitus. Therefore, optimal
glycemic control by drugs or therapeutic regimens is an
10 important approach for the treatment of diabetes mellitus.

Type 1 diabetes mellitus is the form of diabetes
mellitus which usually begins with childhood or puberty and
is characterized by an auto-immune destruction of the
insulin- producing PB-cells leading to a complete deficiency

15 of insulin secretion.

Type 2 diabetes mellitus is the form of diabetes
mellitus which occurs predominantly in adults in whom
adequate production of insulin is available in the early
stage of the diseases, yet a defect exists in insulin

20 sensitivity, especially in insulin-mediated utilization and
metabolism of glucose in peripheral tissues. The changes in
various tissues associated with type 2 diabetes mellitus
exist even before clinical symptoms are detected.

Also contemplated is the treatment of insulin

25 resistance induced by trauma (e.g. burns or nitrogen
imbalance) and adipose tissue disorders (e.g. obesity).

Other uses for angiogenin in accordance with the
invention include for treatment of osteoporosis, especially
in the elderly and/or postmenopausal women; glucocorticoid-

30 induced osteoporosis; osteopenia; osteoarthritis;
osteoporosis-related fractures; and traumatic or chronic
injury to muscle tissue. Further uses for angiogenin

include treatment of low bone mass due to chronic
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treating healthy individuals to cause an Increase in muscle mass, strength, function or overall
physique. Anglogenin is also proposed to promote muscle recovery from Injury or trauma or damage
or overuse through training and therefore 10 to Increase exercise tolerance. The term "Increase in
muscle mass" refers to the presence of a greater amount of muscle after treatment with anglogenin
relative to the amount of muscle mass present before the treatment. 15The term "Increase in muscle
strength” refetsitootherpréserice oha nausele withgreatee farce geaératb 1luvlg capacitycafter treatment
with anglogesnln r%lg'[si\é% E)ontha\tf present beoOrlg %q% j_r.Lrgraltcment.sghS lerm "Increase in muscle function”
refers to the 20 presence of musclé with greater variety Bf function aftef treatment with anglogenin
relative to thaypresent befoye theltrematmentt r 1 tThe terntYfdrease dn exercisedttoleraneirefers to the
ability to exercise with less rest between exercise after 25 treatment with anglogenin relative to that
needed before the treatment. A muscle is a tissue of the body that primarily functions as a source of
power. There are tfAlee typesotiuscies in thebodyprs skeletdlTnuscle t enidted euscle

treating healthy individuals to cause an increase in muscle
mass, strength, function or overall physique. Angiogenin is
also proposed to promote muscle recovery from injury or
trauma or damage or overuse through training and therefore

10 to increase exercise tolerance.

The term "increase in muscle mass" refers to the
presence of a greater amount of muscle after treatment with
angiogenin relative to the amount of muscle mass present
before the treatment.

15 The term "increase in muscle strength" refers to the
presence of a muscle with greater force generating capacity
after treatment with angiogenin relative to that present
before the treatment.

The term "increase in muscle function" refers to the

20 presence of muscle with greater variety of function after
treatment with angiogenin relative to that present before
the treatment.

The term "increase in exercise tolerance" refers to the
ability to exercise with less rest between exercise after

25 treatment with angiogenin relative to that needed before the
treatment.

A muscle is a tissue of the body that primarily
functions as a source of power. There are three types of
muscles in the body: a) skeletal muscle — striated muscle

30 responsible for generating force that is transferred to the
skeleton to enable movement, maintenance of posture and
breathing; b) cardiac muscle — the heart muscle; and c¢)

smooth muscle — the muscle that is in the walls of arteries
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30responsible for genera-L.11-1g force that is transferred to the skeleton to enable movement,
maintenance of posture and breathing; b) cardiac muscle - the heart muscle; and c) smooth muscle -
the muscle that is in the walls of arteries and bowel. The methods of the invention are partilularly
applicable to skeletal muscle but may have some effect on cardiac and or smooth muscle. Reference
to skeletal muscle as used herein also Includes interactions between bone, 5 muscle and tendons and
Includes musclé flires and jaihts. Me¢hilst daglogeniidaspreviously beea suggestedltahaye an effect
on cardiac muscle by virtue, of its a nil activit nd abilit rowde Increased blood flow to a
muscle, this e?%ci:t Wgaks)hrestncte(?{toq%x%l(%gtlve mus%es &B(typg I and?ype We) e follistatil mediated
effects of angtogénid oremdscle asrseeminthe presentivesition @re distinke frofrethose selating to

anglogenesil as gidgnged by all puscle fipres peing affected. | it‘r? dJepmdegreage i fat” refers to the

presence of a 15 reduced amount of fat after treatment with anglogenil relative to the amount of fat
presenthefare 3i9d reatriee THepresertt inventionds parictlalyfapplicabrd visceralsfat, fat located

inside the peritoneghcayity and araynd Infernal ofgans; If.ray, ajso.effest sybeutaneeus fatand/or 20

Intramuscular fat.
an effect on cardiac muscle by virtue of its angiogenic

activity and ability to provide increased blood flow to a
muscle, this effect was restricted to oxidative muscles

10 (type I and type IIa). The follistatin mediated effects of
angiogenin on muscle as seen in the present invention are
distinct from those relating to angiogenesis as evidenced by
all muscle fibres being affected.

The term "decrease in fat" refers to the presence of a

15 reduced amount of fat after treatment with angiogenin
relative to the amount of fat present before the treatment.
The present invention is particularly applicable to visceral
fat, fat located inside the peritoneal cavity and around
internal organs. It may also effect subcutaneous fat and/or

20 intramuscular fat.

The proposed uses of angiogenin on healthy individuals
will be useful to athletes, both elite and amateur, body
builders, those desirous of weight loss of enhanced physique
and manual workers.

25 Since angiogenin is highly conserved in sequence and
function across species, the methods of the invention are
applicable in non-human mammals or avian species [e.g.
domestic animals (e.g., canine and feline), sports animals
(e.g., equine), food-source animals (e.g., bovine, porcine

30 and ovine), avian species (e.g., chicken, turkey, other game
birds or poultry)] wherein the presence of myostatin causes
or contributes to undesirable pathological effects or

decrease of myostatin levels has a therapeutic benefit.
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The proposed uses of anglogenil on healthy individuals will be useful to athletes, both elite and
amateur, body builders, those desirous of weight loss of enhanced physique and manual workers.
25Since anglogenil is highly conserved in sequence and function across species, the methods of the
invention are applicable in non-human mammals or avian species [e.g. domestic animals (e.g., canine
and feline), sports animals (e.g., equine), food-source animals (e.g., bovine, porcine 30and ovine),
avian species (e.g.Tohkickery itarkey; other gamel bigds:dnpaugitry)] stherein the presencee=of myostatil
causes or contripf%te un;c:i%igL ble \pgtf]eq_JQ%igal effect§1 or g%creas% f’cf: gqyocstatil levels has a

s tg
. T .
therapeutic Benhefit. "~ The ang 6gemﬁ or anglr emil agonls Cr:neallly be prowé)éné)ggé p]hoar}maceutlcal,

veterinary ormeutsaceutifabdomposition or as a food. A pharmaceutical composition is one winch is

suitable 5 for admiplSgglion (pypans, A yelgrinary gampesitignds gRe latis suliabledor |
administration to animals. Generally such compositions will contain purified anglogemil or anglogemil
agonlsbor af e edmileasttalpéompoients whaie composition Wilk be werifiables 10Tha compositions

used in the methads of the fitst {0 gleventh, aspegts may.camprise ppe or mare carriers and optionally

other therapeutic agents. Each carrier, diluent, adjuvant and/or exclplent may be pharmaceutically
"acceptable’CaBBY'phHrfacauticaly asééptable carfidr ¢S ienht atnatefiaf drhithdis 919t bidlogically
OfOWE“NBedﬁ“Eﬁ@§Q§énin agonist or at the very least all components of

the composition will be verifiable.

10 The compositions used in the methods of the first to
eleventh aspects may comprise one or more carriers and
optionally other therapeutic agents. FEach carrier, diluent,
adjuvant and/or excipient may be pharmaceutically
“acceptable”.

15 By "pharmaceutically acceptable carrier" is meant a
material which is not biologically or otherwise undesirable,
i.e., the material may be administered to an individual
along with the selected active agent without causing any
undesirable biological effects or interacting in a

20 deleterious manner with any of the other components of the
pharmaceutical composition in which it is contained.
Similarly, a "pharmaceutically acceptable" salt or ester of
a novel compound as provided herein is a salt or ester which
is not biologically or otherwise undesirable.

25 As used herein, a "pharmaceutical carrier" is a
pharmaceutically acceptable solvent, suspending agent or
vehicle for delivering the agent to the subject. The
carrier may be ligquid or solid and is selected with the
planned manner of administration in mind. Each carrier must

30 be pharmaceutically “acceptable” in the sense of being not
biologically or otherwise undesirable i.e. the carrier may
be administered to a subject along with the agent without

causing any or a substantial adverse reaction.
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1.e., the material may be administered to an individual along with the selected active agent without
causing any undesirable biological effects or interacting in a 20 deleterious manner with any of the
other components of the pharmaceutical composition in which it is contained. Similarly, a
"pharmaceutically acceptable” salt or ester of a novel compound as provided herein is a salt or ester
which is not biologically or otherwise undesirable. 25As used herein, a "pharmaceutical carrier” is a

pharmaceutically atteptablecsohient osuspending agentror vehickel far delivgring thelagent o the
subject. The carrier may be éjjb uld or golid aTd is selected with the planned manner o{ administration
(S8 erg Qé ormu.la conve na no

A T :
in mind. Each carrier must p narmaceutlceﬁl%/q%cszcgﬁtgbfaeq‘Illnl the sense 0 le?ng not bl%loglcally

or otherwisetundesinabkeriecthetdaraér maydieeadministered toia sabjeetidlongwith theragent without
causing any\pgﬁ%libes%e}ntial adverse reaction. The composition may be administered orally,
topically, or parenterally in formulations containing conventional nontoxic pharmaceutically acceptable
carriersy adjuvants Ta®d vehicles23Ehe taranl parenteratiad ased hetgin Inclades Intravenous,

zntraarterzal, zpiraperzioneal.; Inframuscular subcutaneous, subconjunctzyal, Znracayzy.

transdermal and subcutaneous injection, aerosol for administration to lungs or nasal cavity or
administratiGi By itifasioaby; feriorexamplet 68motic puRipR Theldompdsiaers Arfisel admthistered

orally as tablgts, agueous, f oily-suspensions,dozengess oches, powders granules, eguisions,
capsules, syrups or elixirs. The composition for oral use may contain one or more agents 15 selected

from the grotip gt 3Wekt&iig BYeRts, ASTEGINY-a&Gents PeAduriitf 2gems dmd préSérving agents in
order tpyproducanpharmaceryeally glegant and palatable preparations. Suitable sweeteners Include

sucrose, lactose, glucose, o o
The composition may be administered orally as tablets,

aqueous or oily suspensions, lozenges, troches, powders,
granules, emulsions, capsules, syrups or elixirs. The
composition for oral use may contain one or more agents

15 selected from the group of sweetening agents, flavouring
agents, colouring agents and preserving agents in order to
produce pharmaceutically elegant and palatable preparations.
Suitable sweeteners include sucrose, lactose, glucose,
aspartame or saccharin. Suitable disintegrating agents

20 include corn starch, methylcellulose, polyvinylpyrrolidone,
xanthan gum, bentonite, alginic acid or agar. Suitable
flavouring agents include peppermint o0il, oil of
wintergreen, cherry, orange or raspberry flavouring.
Suitable preservatives include sodium benzoate, vitamin E,

25 alphatocopherol, ascorbic acid, methyl paraben, propyl
paraben or sodium bisulphite. Suitable lubricants include
magnesium stearate, stearic acid, sodium oleate, sodium
chloride or talc. Suitable time delay agents include
glyceryl monostearate or glyceryl distearate. The tablets

30 may contain the agent in admixture with non-toxic
pharmaceutically acceptable excipients which are suitable
for the manufacture of tablets.

These excipients may be, for example, (1) inert
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aspartame or saccharin. Suitable disintegrating agents 20 Include corn starch, methylcellulose,
polyvznylpyrrolzdone, xanthan gum, bentonzte, alglnic acid or agar. Suitable flavouring agents Include
peppermint oil, oil of wintergreen, cherry, orange or raspberry flavouring. Suitable preservatives
Include sodium benzoate, vitamin E, 25 alphatocopherol, ascorbic acid, methyl paraben, propyl
paraben or sodium bzsulphzte. Suitable lubricants Include magnesium stearate, stearzc acid, sodium
oleate, sodiu lohdoride, orstalch Suitabkeltimerdetayragenits dnclude glyseryl oxonostearate or glyceryl
dzstearate. Ttpl% ta IetESGSOQrPagoc&n&ain tlple gﬁtﬁgttig .adE?R(ture with notni-toxicaglaarmaceuticalIy

acceptable é)xczf)ger?ts which are suitable & manufacture %?Fa]b?ets.n%hese exczpzents may be,

for example {13 imere diluentsy sagleas calciumitatisoratenlastoses balciune phosplate or dodium
phosphate: (2) pranging agd disintcaraing agents, s as,arpsiayop or Algnand, 3) binding
gelati

agents, such as starch, or acacia; and ubricatingagents, such as magnesium stearate,
stearil atid or4alcl These tdblee may be unceatdd escozred by knowhiteekhnigaes s¢-dekayc

disintegration ang asargtion in the gastroiptestinal fract aad thersby provide asustainyied action over
a longer period. For example, a time delay 10 maternal such as glyceryl monostearate or glyceryl
dnstearate nfapBe emsloypadiues Frepaatiohis forspdarearaltadministatioh Inende Qteril@ aqueous or

non-aqueousslutions - suspensions, and emulsions. Examples of nopiagueous, solvents gre
propylene 15 glycol, polyethylene glycol, vegetable oils such as olive
action over a longer period. For example, a time delay

10 material such as glyceryl monostearate or glyceryl
distearate may be employed.

Preparations for parenteral administration include
sterile aqueous or non-aqueous solutions, suspensions, and
emulsions. Examples of non-aqueous solvents are propylene

15 glycol, polyethylene glycol, vegetable oils such as olive
0il, and injectable organic esters such as ethyl oleate.
Agueous carriers include water, alcoholic/aqueous solutions,
emulsions or suspensions, including saline and buffered
media. Parenteral vehicles include sodium chloride

20 solution, Ringer's dextrose, dextrose and sodium chloride,
lactated Ringer's intravenous vehicles include fluid and
nutrient replenishers, electrolyte replenishers (such as
those based on Ringer's dextrose), and the like.
Preservatives and other additives may also be present such

25 as, for example, anti-microbials, anti-oxidants, chelating
agents, growth factors and inert gases and the like.

The compositions may also contain other active
compounds providing supplemental, additional, or enhanced
therapeutic functions. The pharmaceutical compositions may

30 also be included in a container, pack, or dispenser together
with instructions for administration.

Other therapeutically useful agents, such as growth

factors (e. g., BMPs, TGF-P, FGF, IGF), cytokines (e. g.,
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oil, and Injectable organic esters such as ethyl oleate. Aqueous carriers Include water,
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered media.
Parenteral vehicles Include sodium chloride 20solution, Ringer's dextrose, dextrose and sodium
chloride, lactated Ringer's Intravenous vehicles Include fluid and nutrient replennshers, electrolyte
replennshers (such as those based on Ringer's dextrose), and the like. Preservatives and other
additives maynalso beykéesentsuthC28 a3, forexample; ant-midnobnalsy antidoxidants, chelatnng

agents, growth factors and Inert gases and the like. The compaositions also cantain other
ive Comp o e S o BATon L 51 AN hesao e e T
pharmaceutical/compositiens maye30 alsbuseehhcliudedrin adoontaines pratks omdispensertoegether with

otons [ adninigenan Qe HRGaRIalN veRT A0HIR SUEN 2B GWIR BCIO (©- -
BMPs, TGF-P, FGF, IGF), cyto%nnes (e. g., hnterleukhns and CDFs), antibiotics, and any other
therapeutic agent ereficiat forthe toadition beirgtrieatedimay optidsallyss Felriddinor

administered, simyltaneously ar, seqreptially with the anghogenhn or.anghogenhp aganhst.

SAnghogenhn or its agonhsts may also be presented for use in the form of veterinary compositions,
winch may Gergieparst, forexapRP by métkHods it GPe EBAVetiohal intierdrt Examples of such

veterinary cempositiens '%@%H@&@@a&%f%é%%@)Qé%lﬁmﬂﬁyéﬂ%o%e&’}% agglication, for
example drenches (e.g. agueous or hon-aqueous solutions or suspenshons); tablets or boluses;
powders, grafaes of peRéttForadmixture with feed stuffs; pastes for application to the tongue,

particularly adapted for 1p-protectionthroughthetumendiéta,be adpyinistered & runinants;
example drenches (e.g. agueous or non-aqueous solutions or
suspensions); tablets or boluses; powders, granules or
pellets for admixture with feed stuffs; pastes for
application to the tongue, particularly adapted for
15 protection through the rumen if to be administered to
ruminants;

(b) parenteral administration for example by
subcutaneous, intramuscular or intravenous injection, e.g.
as a sterile solution or suspension; or (when appropriate)

20 by intramammary injection where a suspension or solution is
introduced in the udder via the teat;

(c) topical applications, e.g. as a cream, ointment or
spray applied to the skin; or

(d) intravaginally, e.g. as a pessary, cream or foam.

25 It is especially advantageous to formulate the
compositions in dosage unit form for ease of administration
and uniformity of dosage. Dosage unit form as used herein
refers to physically discrete units suited as unitary
dosages for the subject to be treated; each unit containing

30 a predetermined gquantity of active compound calculated to
produce the desired therapeutic effect in association with
the required pharmaceutical carrier. The specification for

the dosage unit forms of the invention are dictated by and
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(b) parenteral administration for example by subcutaneous, Intramuscular or Intravenous injection, e.g.
as a sterile solution or suspension; or (when appropriate) 20 by hntramammary injection where a
suspension or solution is Introduced in the udder via the teat; (c) topical applications, e.g. as a
cream, ointment or spray applied to the skin; or (d) hntravaghnally, e.g. as a pessary, cream or
foam. 25It is especially advantageous to formulate the compositions in dosage unit form for ease of
administratiehi ard uhiforrityeobdosagen Dosage uintderm asseddiereinirefers fo physically discrete
units malted_as unitary dosages. for the subject to be treated; each unit.containi 0 a predetermined
quantty of S0 L S Al T e el LAt oot Betheiton wih
the requiredgstarrraedutical ¢ahier. Thenspetification. fon¢thre dosage bhit farnis offthe invention are

dictated by and, directly Hgtp%‘&%%”taorﬁ‘ @Sdttﬁ@%“fﬁ%%%‘&ﬁ?&i%%% of fne %@%’5&9&%@%@ and the

particular therapeutic effect to be achieved, and the limitations Inherent in the art of compounding such
an active compdimddorthe-treatment of 5 individuals. Compositions comprising anglogenin or an

agonlst thereof areégﬁgogdlrgipjﬁ{gregoiﬂﬁlgg@g%lti%q!g/igge&ﬁiyg agptg}gs.d%% Hsed herein, an

"effective amount" of anglogenin is a dosage winch is suffiCient to reduce the activity of 10 myostatin to

achieve a désirersilogical batdeme IhiedesirErslolbyical e iR ey lbevamy fipapeéific benefit

including anJperease in pwscle-mags 1 Incregaserindpuselepirength, Improvedmetabalisa,
decreased adiposity, or Improved glucose homeostasis. Such Improvements may be 15 measured by

a variety of métibdddAciaaingthese #iatTHédduie $8an SRd Fabbey hass fstichvadstdudray scanning
analysis), mysele strengths serwn 1ipids, sernun leptin, senin glucose oglyeated hemaglobin, glucose

tolerance, and . . . .
desired biological outcome may be any therapeutic benefit
including an increase in muscle mass, an increase in muscle
strength, improved metabolism, decreased adiposity, or
improved glucose homeostasis. Such improvements may be

15 measured by a variety of methods including those that
measure lean and fat body mass (such as duel ray scanning
analysis), muscle strength, serum lipids, serum leptin,
serum glucose, glycated hemoglobin, glucose tolerance, and
improvement in the secondary complications of diabetes.

20 Generally, a therapeutical effective amount may vary
with the subject's age, condition, and sex, as well as the
severity of the medical condition in the subject. The dosage
may be determined by an physician and adjusted, as
necessary, to suit observed effects of the treatment.

25 Appropriate dosages for administering angiogenin or its
agonists may range from 5 mg to 100 mg, from 15 mg to 85 mg,
from 30 mg to 70 mg, or from 40 mg to 60 mg. The
compositions can be administered in one dose, or at
intervals such as once daily, once weekly, and once monthly.

30 Dosage schedules can be adjusted depending on the half
life of angiogenin or its agonist, or the severity of the

patient's condition.
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Improvement in the secondary complications of diabetes. 20Generally, a therapeutical effective
amount may vary with the subject's age, conch-L.18)n, and sex, as well as the seventy of the medical
conch-L.18)n in the subject. The dosage may be determined by an physician and adjusted, as
necessary, to stilt observed effects of the treatment. 25 Appropriate dosages for administering
anglogenln or its agonlsts may range from 5 mg to 100 mg, from 15 mg to 85 mg, from 30 mg to 70
mg, or from 40 mg @@ 661mgd.IThe tbrmpositipns tan desadmimisterednn onerdoses or at énvals such

as once daily, once \ggeIlggx%pnq (Z)Qc%k%onthl%gggg?%%e Echeq[ules can be .ad(%ustn(:e[(rj1 dggending on

the half life o oasneg'logenln or its agonlst, or the seventy o the \[Sgt ent's conch-L. éenerally,

the compositibas areadmiristeeedyas adjoliis dese, toamaXizeltheccirctdatingrlevels of anglogenin for
the greatest length of time after;the qggeuggatig%%%in{%séo% may.alsq be used after the bolus dose.

5lt is also contemplated that the methods utilise a neutraceutical composition to provide the
anglogénTn. A neutracestical sonpositioncfon tsel i thetmetifodsds peoldded. Tfhesterm "nutraceutical”

as used hereip, refers 1o, an 10;edible productsolated.or purified fram fogd  jpJhis case;from a milk

product, which is demonstrated to have a physiological benefit or to provide protection or attenuation
of an acute dcehrbarRdiISéaseloCpjirg WHerrorafly adififisicted TPhéaGRacsutical may thus be
presented 19%{}1edt%m of a dietary preparation or supplement, either alone or admixed with edible
foods or drinks. The nutraceutical composition may be in the form of a soluble powder, a 11guld or
a ready-to-drink foriiAatiGiF TALSPHATRARE Hhe Fitritional E6RPosiBsR fray Bé fF SolicP26Form as a

food; fon exarpplg e the-foym-ef a readyrtoseatbas or breakfast.careals Various flavouwrscfikres,
sweeteners, and other additives may also be present.
from a milk product, which is demonstrated to have a
physiological benefit or to provide protection or
attenuation of an acute or chronic disease or injury when
orally administered. The nutraceutical may thus be presented
15 in the form of a dietary preparation or supplement, either
alone or admixed with edible foods or drinks.

The nutraceutical composition may be in the form of a
soluble powder, a liquid or a ready-to-drink formulation.
Alternatively, the nutritional composition may be in solid

20 form as a food; for example in the form of a ready-to-eat
bar or breakfast cereal. Various flavours, fibres,
sweeteners, and other additives may also be present.

The nutraceutical preferably has acceptable sensory
properties (such as acceptable smell, taste and

25 palatability), and may further comprise vitamins and/or
minerals selected from at least one of vitamins A, Bl, B2,
B3, B5, B6, B11l, Bl12, biotin, C, D, E, H and K and calcium,
magnesium, potassium, zinc and iron.

The nutraceutical composition may be produced as is

30 conventional; for example, the composition may be prepared
by blending together the protein and other additives. If

used, an emulsifier may be included in the blend.
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The nutraceutical preferably has acceptable sensory properties (such as acceptable smell, taste and
25 palatabllity), and may further comprise vitamins and/or minerals selected from at least one of
vitamins A, B1, B2, B3, B5, B6, B11, B12, biotin, C, D, E, H and K and calcium, magnesium,
potassium, =Lc and iron. The nutraceutical composition may be produced as is 30 conventional; for
example, the composition may be prepared by blending together the protein and other additives. If
used, an emausifierimay bevncladéd in tredblend e Additiona) vitemansdartl mineralissmay betadded at

this point but are usually ad later to avoid, thermal degradation. If it is desired to produce a
powdered r?ﬁf#atceaulfi?al%%%ag%gﬁio%(?ﬁ?egp?oﬁéﬁrmrgﬁ b%vg) n%x%%%vrltrﬁaaid |t?(%1ra?%ac%rr? f)ldnents in
powdered form. Théfpowdershoeaklirave amaoistude contenp ofildss¢khamaboatcs¥%tiyomeight. Water,

preferably watey et ias been sybiecied 1o feveras. osuiRsis, Ay, then b mixed o fo form a liqui

mixture. If the nutraceutilal composition is to be provi in a 10 ready to consume liquid form, it may

be heated incordes is reducerthe Yadesrid loaer 1 it isTdesiredvtd prodursea fiquieruteacedutilal
compositi_onmg@SIjaq% ngéyg%ﬁprggergglyéasgpgﬁal%fg{gg lnto gg/itqpéq ggretaiw§eé§eptic filling of
the containers may be carried out using
preferably water which has been subjected to reverse
osmosis, may then be mixed in to form a liguid mixture.
If the nutraceutical composition is to be provided in a
10 ready to consume ligquid form, it may be heated in order to
reduce the bacterial load. If it is desired to produce a
liquid nutraceutical composition, the liquid mixture is
preferably aseptically filled into suitable containers.
Aseptic filling of the containers may be carried out using
15 techniques commonly available in the art. Suitable
apparatus for carrying out aseptic filling of this nature is
commercially available.
Preferably the neutraceutical composition also
comprises one or more pharmaceutically acceptable carriers,
20 diluents or excipients. Neutraceutical compositions may
comprise buffers such as neutral buffered saline, phosphate
buffered saline and the like; carbohydrates such as glucose,
mannose, sucrose or dextrans; mannitol; proteins;
polypeptides or amino acids such as glycine; antioxidants;
25 chelating agents such as EDTA; adjuvants and preservatives.
The neutraceutical may be an infant formula,
particularly a humanised milk formula for administration to
infants. Such an infant formula may find utility in
treating failure to thrive or premature or low birth weight
30 Dbabies. It may also be administered to infants or children
to improve cognitive function.
The angiogenin used in the methods of the invention may

be from any source. It may be natural, synthetic or
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15 technigues commonly available in the art. Suitable apparatus for carrying out aseptic filling of this
nature is commercially available. Preferably the neutraceutilal composition also comprises one or
more pharmaceutically acceptable carriers, 20 diluents or exclplents. Neutraceutilal compositions may
comprise buffers such as neutral buffered saline, phosphate buffered saline and the like;
carbohydrates such as glucose, mannose, sucrose or dextrans; mannTtol; proteins; polypeptlides or
amino ands saclais ghyaile; antioxidants;. 25 Bhelatilgiagerits sugh agdDTA cadjuvents aned

preservatives, The neutraceutilal ma;qle:)g an Efnfant formula %Jarticularl%%Pumanised milk formula
[

for administr%%oﬁ}%g Enfants. Such an Entant formﬁl%mm%i}}ﬁnapu ﬁtlyelﬁ'trelating gljflﬂ% to thrive or

premature ohlgwbigth weighi 36!babjes. fttmay alsotive adRwmisteped toEnfamtsior children to Improve
cognitive furéqiigpo g %nme anglogeni }JB‘%% in-the methods (gr%;g% invention may be from any source. It
SSRag oo

may be natural; s etic or recombinant in origin. Recombinant anglogenin can be based on the
anglogénin sequenceAroh aggspecies, neciding huansresws, tshisepl atouse, Bten®ecombinant

human anglogenin is ayajlable fram.R & D Systems. fAnglogepiniis known.tg.be preseptinnormal

human plasma, bovine plasma, bovine milk, bovine plasma and mouse, rabbit and pig sera. The DNA
and protein $éqieces i df lehst htiman’arfy|6§énla e Rvailasie apgFeesmdmant haiman anglogenin

is available gramercialiy froangbrewa Corparation, 10(Taiwank ior smallsgale, applications.  Inone
embodiment the anglogenin is prepared from plasma or milk from livestock animals as readily
available so@R@es3F enylbgenIFIr alcommerGarstate: 3FheYmilk Aay be eBtaiféd R8AParyPRactating

animai, (Taiwan) for small scale applications.

In one embodiment the angiogenin is prepared from
plasma or milk from livestock animals as readily available
sources of angiogenin on a commercial scale.

The milk may be obtained from any lactating animal,

15 e.g. ruminants such as cows, sheep, buffalos, goats, and
deer, non-ruminants including primates such as a human, and
monogastrics such as pigs. In a preferred embodiment the
angiogenin is extracted from cow’s milk. The animal from
which angiogenin is produced may be a transgeinic animal

20 designed to over-express angiogenin in its milk.

The inventors of the present application have shown
that in bovine milk, angiogenin is present in the highest or
most concentrated amount (up to 12mg/litre) within the first
1 to 14 days of lactation. Following this, the concentration

25 falls to a base level of approximately 1 to 2 mg/litre.
Therefore it is preferred that cow’s milk which obtained
within the first 14 days of lactation as a source of
angiogenin for use in the methods of the first to eleventh
aspects. Given the residual angiogenin levels in cow’s milk

30 from later lactation, it may still be used a source for the
methods of the invention.

The angiogenin used in the methods of the invention may

be isolated or purified. Purified or isolated angiogenin is
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15e.g. ruminants such as cows, sheep, buffalos, goats, and deer, non-ruminants including primates
such as a human, and monogastrgcs such as pigs. In a preferred embodiment the anglogenln is
extracted from cow's milk. The animal from which anglogenin is produced may be a transgelnlc animal
20 designed to over-express anglogenln in its milk. The Inventors of the present application have
shown that in bovine milk, anglogenin is present in the highest or most concentrated amount (up to
12mag/litre) veittine thenfirst 11tg 14rdaysodf lactafien.sfolloveng this,tthe conceptatich 25 falls to a base

level of appro irrcl:%telﬁ/tl ;LOSZ rgg%llllig_[g.l heraegosrgci:t.is 1iz)er%ferrl_e(()j th?.% ¢ vg‘g néilk er‘llicpso t%iFgg within the
first 14 days o Tactation as a Source o gnglogenl}]afor Use in the methods df the first to eleventh

aspects. Gi@nqneiesiﬂaabmagemm deviefs ﬁfww'sfni%@ﬁ@qtlawrlacta@id)mﬂ fay still b_e used a
source for the methods of the %@M?Hatinghgo%%'&%”'Pfé%ﬁdﬂﬂ%h%@lefh%s pt the jgvention may

be Isolated or purified. Purified or Isolated anglogenin is substantially free of at least one agent or
compound withwirehfitisthattradiy asSodiatede Forv atbtarides anhiselated' proteinds substantially free of

at least some,cellular materiahar.contaminating pratein from the cell or fissue 5 sauree fromuwinch it is

derived. The phrase "substantially free of cellular material” refers to preparations where the anglogenin
is at least 5GISOBNIW) pared ‘at It 6016 69% PAfv) Purl) atleast 7GHo 29%S(w/RS ptife, at least

80- 89% (Wiwg purs, Af jeast A0; 9% pures or apleast 96%, 87¥%,)1098%.,99% or LOOY6 fwiw) pure.
89% (w/w) pure, at least 90- 95% pure, or at least 96%, 97%,
10 98%, 99% or 100% (w/w) pure.

Recombinant angiogenin preparations in bacteria may be
used as a source of angiogenin and may be provided in the
form of protein aggregates.

As bovine milk is a natural product that has been in

15 food chain for hundreds of years, the angiogenin used as a
nutraceutical need not be totally pure. However, to reduce
the amount of composition to be administered it is preferred
that the angiogenin is concentrated significantly with
respect to its concentration in milk. Preferably the

20 angiogenin is administered in at a concentration of at least
10 times its concentration in milk and more preferably 20,
30, 40, or 50 times its concentration in milk.

When provided as a food the angiogenin can take the
form of a food supplement, a nutritional formulation, a

25 sports nutrition supplement or an infant formula.

Persons skilled in the art will appreciate that
variants of bovine angiogenin exist in nature and can be
manufactured. Use of such variants is contemplated by the
present invention.

30 One of skill in the art will recognize that angiogenin
may contain any number of conservative changes its amino
acid sequence without altering its biological properties.

Such conservative amino acid modifications are based on the
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Recombinant anglogenin preparations in bacteria may be used as a source of anglogenln and may be
provided in the form of protein aggregates. As bovine milk is a natural product that has been in 15 food
chain for hundreds of years, the anglogenin used as a nutraceutical need not be totally pure. However,
to reduce the amount of composition to be administered it is preferred that the anglogenin is
concentrated significantly with respect to its concentration in milk. Preferably the 20 anglogenin is
administered #latta concemirationicfat dast 1O tames its eoncertiationahanitk and more preferably 20,
30, 40, or 50 times its concentration in milk..When provided as a food.the anglogenin can take the
form of a food" ?&p?pﬁgr%%rﬁ%: A ngtﬁﬁor?éiafgﬁrlﬁlétigrﬁeal ESEsf@]r:tg%%(t%[%o%stﬁlﬁplement or an Infant
formula. Persgds skitled i theyart @ik appreciate ¢hataradiahtssofliduine Brglogénnexist in nature and

can be manufactired. lJse of sueh.yariapts &%BQWEM’"@%}P&/ thg presentinvention. 300ne of skillin

the art will recognize that anglogenin may contain any number of conservative changes its amino and
sequenée withegagteringdisdsielogival propestias! Suchcsonsépative aminoarnderhbdifications are

based on the Jelative simiarity of the aming agid.side:ghaln substituents, for.example, their
hydrophobicity, hydrophlliclty, charge, size, and the like. Exemplary conservative substitutions which
take variouslofthe S/ fofelgoiid eliaratietiste® #itd TonsideratiorcarenWelF RFGWR 16 those of skill in the

art and lnclu@%@ﬂ%%@l&%@%ﬂ%ﬁmﬁée apd aspaitate; seripg anddhreanine; glutamine and
asparaglne; andlvaline, leuclne, and Isoleuclne. 10The present invention also Includes the use of
l1soleucline.

10 The present invention also includes the use of
variants, homologues, and fragments of angiogenin. For
example, the nucleic or amino acid sequence for angiogenin
may comprise a sequence at least 70% to 79% identical to the
nucleic or amino acid sequence of the native protein, or at

15 least 80% to 89% identical, or at least 90% to 95%
identical, or at least 96% to 100% identical.

Persons skilled in the art would really appreciate the
numerous software packages to enable them to design or
homologues of the angiogenin nucleotide and amino acid

20 sequences, for example the "BLAST" program or other suitable
packages.

It is understood by one of ordinary skill in the art
that certain amino acids may be substituted for other amino
acids in a protein structure without adversely affecting the

25 activity of angiogenin. It is thus contemplated by the
inventors that various changes may be made in the amino acid
sequences of angiogenin without appreciable loss of their
biological utility or activity. Such changes may include
deletions, insertions, truncations, substitutions, fusions,

30 shuffling of motif sequences, and the like.

In addition the angiogenin may be modified, for example
by glycosylation, by conjugation to a polymer to increase

their circulating half-1ife, by pegylation or other chemical
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variants, homologues, and fragments of anglogenin. For example, the nucleic or amino and sequence
for anglogenin may comprise a sequence at least 70% to 79% identical to the nucleic or amino and
sequence of the native protein, or at 15least 80% to 89% identical, or at least 90% to 95% identical, or
at least 96% to 100% identical. Persons skilled in the art would really appreciate the numerous
software packages to enable them to design or homologues of the anglogenin nucleotide and amino
and 20 sequendés,ifoaexample theciBLASTE furedram ot eivey suitablelpackages.sagdtisfunderstood

by one of ordinary. skil%kilnethe %rktltrg:\t cgrtg{peamino ands r.lrlr?¥ebnetsubstituted for other amino ands in a

protein struciire without ad‘(}%rse?y aﬁectlng th%rz%sggtlvity o] angﬁo%réhln. It is thus contemplated by
the Inventors that Viaginaschanges hwy bemade intlie amino apd sequeneesbbanglogenin without

appreciable los icg)fgtggi&piql%%jgak{%y%gr %%tgqthggct%gh% %sogpgyg%%ly%%geletions, insertions,
truncations, substitations, fusions, 30 shuffling of motif sequences, and the like. In addition the
anglogenin magibelmbdlified L for ekamiple by glycosylationdbyreddjudation tooa poiymeémns Increase

then- circulatipg half:Jife. hy.pegylation gr.ether chemical medifigation, Such modifigd proteins are also

envisaged for use in'the ' method of the present invention. Persons skilled in the art will appreciate
that the angRgeRP bSed &R e Prodiffied tridisrove stérhge Bustabiligs bfoaetiviptirelating half life,

(Nforany(nhﬁbBW$@S§ﬁ@@gb@eg%¥%ﬁ%@@9bbiﬁé@%@@ffoés angiogenin is
particularly resistant to degradation such modification may
10 not be essential.

The invention refers to agonists of angiogenin. An
agonist is a compound that is capable of directly or
indirectly having an effect through the receptor activated
by angiogenin. Preferably angiogenin agonists act through

15 the angiogenin receptor and preferably bind the receptor.
Persons skilled in the art will appreciate how to design
agonists of angiogenin. Suitable agonists include
angiogenin agonist antibodies and mimetic compounds.

Angiogenin, its agonists and variants may be used in

20 the manufacture of a medicament for use in the methods of
the invention.

In a preferred embodiment of the methods and uses of
the invention angiogenin is administered orally,
particularly in the form of an angiogenin enriched extract

25 from milk or plasma or in the form of recombinant angiogenin

Particularly the orally administered angiogenin is
prepared from cow’s milk or a fraction thereof, for example
using the process described in example 1. Such fraction has
been found to provide angiogenin able to act systemically,

30 without substantial degradation in the gut. Such fraction
is able to be provided orally without employing carriers or
other mechanisms to enhance the biocavailability of

angiogenin.
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example it may be desirable to Introduce modification to Improve storage stability. However, as
anglogenil is particularly resistant to degradation such modification may 10not be essential. The
invention refers to agoilsts of anglogenil. An agoilst is a compound that is capable of directly or
indirectly having an effect through the receptor activated by anglogenil. Preferably anglogenil agoilsts
act through 15 the anglogenil receptor and preferably bind the receptor. Persons skilled in the art will
appreciate how to desigagoilsts aflanglogeait.cSulitablecagoilstsnineludetdanglogenikagailssantibodies

and mimetic ¢ m%ounfjs. Ang o(genﬂ its ag%ilsts and variants m Yy be usedO{n 20 the manuffélcture of a
. %P the'. #fst (F %vgn a%gects 1s an Cﬁgat?) i) 1nteﬁac
medicament for use in the methods of the invention. Ina preférred embodiment of the methods

and uses of the inventiog anglogehib isladrninisteredi dratly coarticularly i theifoprrafranianglogenil
enriched extiad 25 am.nil gr piasma.or ndhe Jum of iscembinantapalageniloo, Barticularty the
orally administered anglogenil is prepared from cow's milk or a fractionthereof, for example using the
procesSdestnbed itexample ABuchifractioniitas béer fulinelterprovidé ahgiogehil bl iaact

systemically, 39 wjthout sybstantial degradafion.in fhe,gut. Such fractign is able fo be provided orally

without employing carriers or other mechanisms to'enhance the bloavallabillty of anglogenil.
Anglogenin a8mifistefeinadcordait® witR ¢ nmdtiiodseefthe irst 1o feléwnti a8pects is anticipated

to Interact with endeggnays follistathn, ¢f recombinantanglogenin isi used) 01 the gnriched anglogenin
extract may also contain 5 folllstatin. Administration of anglogenin plus follistatin (either simultaneously

or sequentiaflg 1 aAY dFder) iSshowY hersin té:have a'mére Marfaduitivelérfdit Bhadtcsidingly a

compasitioncemprising anglegenimand folllstathy is previded oas well asieach-ofithe methads of 10
treatment contemplating administration of folllstatln with anglogenln. It is particularly Important to

co-administér(@tAEFSiIMuitandbusly or 38GuEMty) ol HSERAT Wih angfogenli? H<iftatibRE where an
individual is fellistatin defigient Asfollistatindevels desreasewih age1da-statin with

angiogenin in situations where an individual is follistatin
deficient. As follistatin levels decrease with age, co-

15 administration of follistatin with angiogenin is
particularly contemplated when treating the elderly.

In a co-administration regime, angiogenin may be
administered orally and follistatin administered orally or
otherwise.

20

Throughout this specification, unless the context
requires otherwise, the word "comprise", or wvariations such
as "comprises" or "comprising", will be understood to imply
the inclusion of a stated element or integer or group of

25 elements or integers but not the exclusion of any other
element or integer or group of elements or integers.

It must also be noted that, as used in the subject
specification, the singular forms "a", "an" and "the"
include plural aspects unless the context clearly dictates

30 otherwise.

It will be apparent to the person skilled in the art

that while the invention has been described in some detail

for the purposes of clarity and understanding, various
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15 administration of folllstatln with anglogenin is particularly contemplated when treating the elderly.

In a co-administration regime, anglogenin may be administered orally and folllstatin administered orally
or otherwise. 20 Throughout this specification, unless the context requires otherwise, the word
"comprise", or variations such as "comprises" or "comprising”, will be understood to imply the inclusion
of a stated element or integer or group of 25 elements or integers but not the exclusion of any other
element or integerf ocgroupnef eleiealscemategens. to lttmastalso demoted thatdasesed dasthe

subject specification, th %in%ular forms "a", "an’, and ."the" include plural aspects unlgss the context
ok s o e R S ool the

clearly dictatessforoltﬁerwse. i Wm%ebgpénéargﬁt {0 the person
invention hasbeen desctibed imsemeidetait forthe purdhosesafetarity. and umderstanding, various
modificationggggiaétf@t'&ol to the embodiments and methods described herein may be made without
departing from the scope of the inventive concept disclosed in this specification. 5 The invention is
now further described in detail by reference to the following example. The example is provided for

[M”posesOfmusnaﬁﬂgOﬁb%@ﬂgﬂ%ﬂoﬁg“?ﬂgﬁqﬁggﬁﬁer described in detail by

reference to the following example. The example is provided
for purposes of illustration only, and is not intended to be
limiting unless otherwise specified. Thus, the invention

10 encompasses any and all variations which become evident as a

result of the teaching provided herein.

Example 1: Process for the preparation of an angiogenin-
enriched fraction from skim milk

15 A 10 cm deep column was packed with SP Sepharose Big
Beads (GE Healthcare) such that the total bed volume of the
column was 29.7 litres. To the column a flow of skimmed
cow’s milk was applied at a linear flow rate of 331 cm/h (34
litres of skimmed milk per litre of resin per hour) for 2

20 hours until the volume of skimmed milk applied was 68 times
the volume of the resin packed into the column.

The milk remaining in the column was removed by adding
2.5 column volumes (CV) of water at a linear flow rate of
147 cm/h (15 litres of buffer per litre of resin per hour),

25 or 0.25 CV/min, for 10 min.

The angiogenin-depleted lactoperoxidase fraction was
eluted from the column with 2.5 CV of a buffer containing
sodium ions equivalent to 2.0% (0.34M) NaCl, at pH 6.5, by
flowing the cation buffer solution at a linear flow rate of

30 75 cm/h (7.5 litres of cation buffer solution per litre of
resin per hour), or 0.125 CV/min, for 20 min. The first 0.5
litres of cation buffer solution per litre of resin was

discarded to drain and the next 2.5 litres of cation buffer
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limiting unless otherwise specified. Thus, the invention 10 encompasses any and all variations winch
become evident as a result of the teaching provided herein. Example 1:Process for the preparation of
an angiogenin- enriched fraction from skim milk 15A 10 cm deep column was packed with SP
Sepharose Big Beads (GE Healthcare) such that the total bed volume of the column was 29.7 Mitres.
To the column a flow of skimmed cow's milk was applied at a linear flow rate of 331 cm/h (34 Mitres of
skimmed milkcpertMitre gfaresinigerchouf) for 2120 Reursauntil trecwolume afrskimmedomdidk applied was
68 times the volume of the resin packed. Into the column. . The milk remaiping.in the column was
removed by ARG S Coltma O AGe (C0) O fater l a Hoas Tow e of L7 ChTe (e Mitres of
buffer per Mitee-aboresinuperctoury, 1250 @2% EV/mirt; fer &0 mmsin TheeadgibgenEndepleted

'aCtOperOXEQ%%eﬂéS@%Waﬁ Sluted from the, columpn with 2.5 £V.0f g bufler caniaiging sodium Eons

equivalent to 2.0% (0.34M) NaC1, at pH 6.5, by flowing the cation buffer solution at a linear flow rate of
30 75 chn/h 7EBMitres of cation buffer solution per Mitre of resin per hour), or 0.125 CV/min, for 20

mEn. The first 0.5 Mjtres. of sation huffer solutign per Mitre f resjn was discardeddq draig,and the next

2.5 Mitres of cation buffer solution per Mitre of resin was collected as the anglogenEndepleted
lactoperoxE&&se fraetidh(inéltding 325 Mitres o chtidrt buffersdlaton per Mife BRresiiéverlapping

the applicatign.time, 9tthe next buffer, e, breakiieudRac1, at pH 6.5, by flowing
the cation buffer solution at a linear flow rate of 75 cm/h
10 (7.5 litres of cation buffer solution per litre of resin per
hour), or 0.125 CV/min, for 20 min. The first 0.5 litres of
cation buffer solution per litre of resin was discarded to
drain and the next 2.5 litres of cation buffer solution per
litre of resin was collected as the angiogenin-enriched
15 fraction (including 0.5 litres of cation buffer solution per
litre of resin overlapping the application time of the next
buffer).
Finally, the lactoferrin fraction was eluted from the
column with 2.5 CV of a buffer containing sodium ions
20 equivalent to 8.75% w/v (1.5M) NaCl, at pH 6.5, by flowing
the cation buffer solution at a linear flow rate of 75 cm/h
(7.5 litres of cation buffer solution per litre of resin per
hour), or 0.125 CV/min, for 20 min. The first 0.5 litres of
cation buffer solution per litre of resin was discarded to
25 drain and the next 2.5 litres of cation buffer solution per
litre of resin was collected as the lactoferrin fraction.
The angiogenin-enriched fraction that was collected was
ultrafiltrated (NMWCO 5kDa) to concentrate and reduce the
salt content. The resultant concentrate was freeze-dried and
30 stored at room temperature for subsequent use.
The angiogenin-enriched fraction was analysed for
angiogenin content by SDS-PAGE and the fraction was found to

contain 57% (protein basis) of a low molecular weight
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5tEme). The anglogenEn-enriched fraction was then eluted from the column with 2.5 CV of a buffer
containing sodium Eons equivalent to 2.5% wi/v (0.43M) NaC1, at pH 6.5, by flowing the cation buffer
solution at a linear flow rate of 75 cm/h 10(7.5 Mitres of cation buffer solution per Mitre of resin per
hour), or 0.125 CV/min, for 20 mEn. The first 0.5 Mitres of cation buffer solution per Mitre of resin was
discarded to drain and the next 2.5 Mitres of cation buffer solution per Mitre of resin was collected as
the anglogenEA-‘emiched d bfiaction i(ricluding 0 Mitres=of dationduftey solitionrperMitre of resin

overlapping% plicati A ' f the ne buffedrl) Finagy, the lactoferrEn fraction was eluted from
the column wit %95 (2)f ggﬁ?gr cgrnﬁgilﬁlnﬁssél |5ms€8r‘fisn Oequivalent to 8.75% w/v (1.5M) NaC1, at

pH 6.5, by fIOV\_/ing lﬂ’l@mi@ﬂ buffet Sefution aﬂaelim?lat flewurate @pﬁﬁenﬁlh*@.&lﬂm{es of cat_ion buffer
solution per&é‘{{gﬁ?%éﬁﬁ pﬂ&%”@t%?-1@&%34@2‘”0&”[%9@?[%5“8 irstQ,2 Miffes of cation buffer

solution per Mitre of resin was discarded to 25 drain and the next 2.5 Mitres of cation buffer solution
per Mitre of fesid dvascolieetédias thedastefdreEis fradtidie 1mMherdniglogenEienddisatkfraction that

was collectegggl%ygra{glt%el%g WCOpkDa) 10 copgcentrate_andreduce the salt content. The

resultant concentrate was freeze-dried and 30 stored at room temperature for subsequent use.
The anglogetENLeAkched fracidonwas Anal/sed Poria|6FETER Bemtent by SO PAGE @ndthe

fraction was fqund, tq,gontain 2 f%protginfasis)ofa oy molecular weight (14kDa) protein winch
was confirmed to be anglogenin by MALDI-TOF/TOF MS (results not shown).

Whilst it may be considered that the angiogenin

10 enriched fraction may contain additional bioactive
components which are having an effect, the comparable amount
of angiogenin as available in skim milk (concentration 2%)
had comparable activity in the examples shown to the
angiogenin enriched fraction (data not shown).

15
Example 2: In Vitro Analysis - Bovine Angiogenin is
active on human cells

Angiogenin was provided in an enriched extract prepared
from bovine skim-milk according to the method described

20 above.

An angiogenesis assay employing human umbilical vein
endothelial cells (HUVECS) was used to determine if bovine
angiogenin is active on human cells. HUVEC cells were
routinely maintained in Endothelial cell basal (ECB) medium,

25 supplemented with bovine brain extract, EGF, hydrocortisone
and 10% FBS (Clonetics). Assays were performed in triplicate
in 48 well tissue culture plates. 150ul of Matrigel (BD
biosciences) was first allowed to polymerise on the bottom
of each well. HUVEC cells were resuspended in ECB with now

30 % FBS and bovine angiogenin, at 0.5x10° cells/ml. The cells
(2.5x104 cells/well) were then plated on to the matrigel
matrix and incubated at 37°C for 24 hours. Human vascular

endothelia growth factor (VEGF) 10ng/ml replaced angiogenin
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Persons skilled in the art would appreciate that anglogenin from other sources or purified by other
means 5 could be used in the methods of the invention. The above example is merely to show how the
actual source of anglogenin used in the following experiments was made and is in no way Intended to
be limiting. Whilst it may be considered that the anglogenin 10 enriched fraction may contain additional
bloactive components winch are having an effect, the comparable amount of anglogenin as available
in skim milk écorcentration 2&o)dvad-comparab|& aetivitydn dhé exampielsoskow to thesahglogenin

enriched fraction Qdata not shown). 15 Exaniple 2:n Vi}ro Anal¥sis - Bovine An iggenin is active on
n%?ﬁ lVﬁ controll. "Vascu ar.?fve %pmen was ob%erv% and .
human cells Anglogenin was provided in an enriched extract prepared rom bovine skim-milk

according tocthe tmethadidescrlbed 2Baboves 1 £ 1AR ahglogendstsassasemployiigpRoman umbilical
vein endoth@%&g@s (LI-!UVECS) was used to determine if bovine anglogenln is active on human cells.
HUVEC cells were routinely maintained in Endothelial cell basal (ECB) medium, 25 supplemented with
bovine bran extractl BGEa#didcortisone ahd 1000 FBSGlonetitsynAssaysdvereperformed in

triplicate in 48,wel| i@?“%&%‘irgﬁ%%ﬁ%- 1200, i, Matrugel (BD- blasclences) was first gllowed to

polymerise on the bottom of each well. HUVEC cells were resuspended in ECB with now 301% FBS

and bovine a&fgl6gERIh, FE G508 deliskRIE The cells {2.8x204 telisivell) weresthafplatedsn to the
matrugel matrix apd Incubated at 32¢ far 24 hours. Human vascular endothelia growth factor (VEGF)
10ng/m1 replaced anglogenin

10 Example 3: In Vitro Muscle cell growth assays
Muscle cells (C2Cl2; mouse myoblasts) were seeded into
96-well plates at a starting density of 1x10* cells/well in
Dulbecco’s modified Eagle’s medium (DMEM) containing 10%
fetal bovine serum (FBS). The cells were cultured overnight

15 at 37°C; 5% CO,. The next day the serum containing media was
removed and the cells washed in PBS. The cells were then
cultured in 100ul serum free DMEM supplemented with test
agents (n=7) for 48 hrs at 37°C; 5% CO,. To quantitate the
cell growth 10ul WST-1 cell proliferation reagent (Roche)

20 was added to each to each well and the cells incubated for a
further 3 hours at 37°C. During this time viable cells
convert the WST-1 reagent to a soluble formazan dye which
was measured in a microplate reader, the absorbance at 450
nm directly correlates to the cell number. Stimulation of

25 cell growth by the agents was compared to a positive control
(10% FCS) and negative controls (DMEM + vehicle control;
DMEM containing BSA or casein at appropriate protein loads).

For muscle cell differentiation studies, C2C12
myoblasts were seeded into the 6 well plates at 25x10° cells

30 in 2ml of media (DMEM, 10%FBS) and allowed to attach
overnight. To induce differentiation into myotubes, the
culture media was removed and replaced with DMEM alone or

DMEM supplemented with 2% horse serum. The effects of
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as a positive control and ECB media 1%FBS alone was used a negative control. Vascular
development was observed and photographed at 10X magnification and the results shown in Figure 1.
5The results show that bovine angiogenin induces vascular development of HUVEC on matrigel in the
same manor as human VEGF and therefore bovine angiogenin is shown to be active on human cells.
10 Example 3:In Vitro Muscle cell growth assays  Muscle cells (C2C12; mouse myoblasts) were
seeded into 96awelbplateshat (@ startingndensifyooibiy;cells/well/in1Dulbeceo's.modified Eagle's
medium (DM ar;hcgr;tam %10% fetal. bovtra)e serum g:BS)l The ceLIs ere C Itfr %overnr%hc t15 at
37C; 5% CO2. ay the Sérum conta|n|H8 media was move ar}il(?I he cells washed in PBS.
The cells wese dherd cultureddn 1060 seium ffecl DMEM supplénénited svithttest dgémtg (n27) for 48 hrs

at 37C; 5% GOZ, Toquan ﬁ'tatﬁfhe SS%Q&%"X%%OCO %IISTtél 4 %%HS@H?PJES‘QS@ (Roghe) 20 was

added to each to each well and the cells incubated for a further 3 at 37C. During this time viable
cells cohverRihe MBIt emeagemag assohible fdrimazerrdy s whivh was nieastirdd in & mieroplate

reader, the gpserbance ati430 nmJdirectly, courglates 19 the cell pumber: Stindation, pf,25 gell growth

by the agents was compared to a positive control (10% FCS) and negative controls (DMEM + vehicle
control; DMEN ¢onidifingeBS A CabBr dtSaptgpriate profeliP piaris).n - PP niigstiaieelf

differentiation studies C2¢1 2 ayohlasts wereseeded intg the agwall plajes at2pelQd-cells 30 in 2m1

of media (DMEM, 10%FBS) and allowed to attach overnight. To induce differentiation into myotubes,

the culture nédia waSrepdolietPard répl&cetPiith DMEKEaIdneé o BME M- Stisple MERRSA With 2%
horse sgrume Jhesgffacts 9kay a fresh vial of CK-NAC reagent (Thermo Cat #

TR14010) with made up with 10ml of sterile water. 17.5ul of
each sample was then mixed with 350ul CK-NAC reagent and

triplicate 100pl aliquots assayed in 96 well plates. The
absorbance at 340nm was then measured for five minutes. CK
15 activity was calculated from the change in abs/min using the

following equations:
Activity (U/L) = Aabs min-1 x Factor

20 Factor = Total vol x 1000

6.3 x sample vol x cuvette pathlength
= 0.1 x 1000 / (6.3 x .005 x 1)
= 3174.6

25 CK Activity (U/L) = Aabs min-1 x 3174.6

For microarray analyses of cell cultures, total RNA was
extracted from cultured cells using the RNeasy mini RNA
isolation kit (Qiagen) and quantitated by measuring

30 absorbance at 260nm with the Nanodrop 1000
spectrophotometer. Purity was also assessed by obtaining

260nm/280nm and 260nm/230nm ratios. RNA integrity was
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bAnglogenin (0.1pg/m1 - 100pg/m1; 10 pg/m1 where not stated), rhAnglogenin (0.1pg/m1 - 10pg/m1;
1 pg/m1 where not stated), rhFollistatin (0.1pg/m1) and rhMyostatin (50ng/m1) were tested. All

recombinant proteins were purchased from 5 RnD Systems. Images of cells were taken and creatine
kinase (CK) activity was measured after treatment for 96 hours, or 48 hours for experiments involving
myostatin. We measured Creatlne Klnase activity activated by N-Acetyl Cystelne (NAC) according to
the manufaciwreéssinstiuctionsuBrniefly 10 foreadle assayea fteshNdal of Ciedl AT veagent §Elrermo Cat

# 1R14010) with-made up with 1 rile water. 17 .5R1 of each sample was then mixed with
350R1 CK-&%eggéﬁ%n%lt?ipﬁgge%{@g 1 gﬁlq%offsajggs%al egﬁﬁ%6nv§gl%%r€e\:€ls). The absorbance at
340nm was then measuoredifor fivg alinBies. CKslmaptivitywas talcpkatetifremthetchrange in abs/min

using the following equatipns: ACtyily (Wil = Aabsmins] M@f&owfﬁg&f&@tﬂm@' %1000 6.3x
sample vol x cuvette pathlength = 071 x 1000 / (6.3 x .005 x 1) = 3174.6 25CK Activity (U/fl = Aabs

min-1 xB174 &Esrtimlecrdartayandlysesy of (Edlifcuitiras, Xt otak RNE walshextiaetsdfrom cultured cells
using the Rieasy; mini RNA isalationit-(Q1agen) and guaniitaled hy;measuring, 30 absqrpance at
260nm with the Nanodrop 1000
recommended quantities to Mouse Gene 1.0 ST Arrays
(Affymetrix) before being washed and stained using the
Affymetrix 450 Fluidics Station and recommended solutions
10 (Affymetrix). Scanning of the arrays was done on the
Affymetrix GeneChip® Scanner 3000 7G before intensity data
was extracted using Affymetrix GeneChip® Command Console
(AGCC) software. The resultant .CEL files were used for data
analysis in Partek® Genomics Suite ver. 6.4 (Partek), using
15 default RMA normalisation and ANOVA
The results of muscle cell differentiation experiments
are shown in Figures 3, 4 and 5. Figure 3 shows that under
serum free non-differentiation conditions, bovine and rh
angiogenin allow muscle cell differentiation to form
20 myotubes. Figure 4 shows that bAngiogenin also increases
myoblast differentiation and myotube formation in the
presence of 2%HS in a dose dependant manner. Inclusion of
rhAngiogenin at a single dosage level proves that angiogenin
is the inducing factor. Figure 5 shows the synergistic
25 effects of bovine angiogenin and rh follistatin. Under
normal differentiation conditions, myotube size is increased
following culture with bAngiogenin and rhFollistatin
compared to standard conditions or culture with angiogenin
or follistatin in isolation (Figure b5a). Increased
30 differentiation is proved by creatine kinase assays (5b)
showing significantly higher levels in the angiogenin and
rhFollistatin combination treatment compared to the

treatments in isolation or the control.
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spectrophotometer. Purity was also assessed by obtaining 260nm/280nm and 260nm/230nm ratios.
RNA integrity was assessed by running a sample of each RNA on the Bloanalyser 2100 using the
RNA 6000 Nano LabChlp Ifit (Agfient). 100ng of total RNA was amplified to produce biotin- labeled
cDNA using the GeneChlp0 Whole Transcript (WT) Sense 5 Target Labeling Assay (Affymetrlx) as per
the protocol provided by the manufacturer. Labelled cDNA was applied in recommended quantities to
Mouse Gene 1.0 STharrays@Affyinetilx) eeforebell-d§ Vidshedcayrhstalldediusing the Affymetrlx 450

Fluidics Station.and recommended solutions 10(Affymetrix). Scanning of. the arrays.was done on the
itk g ety o L CR U UERR LS AR cplivi ity
GeneChlp0 Conimandd Conseleo(AGCC) sbftware Mhwetresultditi CEL flebwere uSed Iormdata analysis

in PartekO Genprigs SulLe ver, 0.4 Partel), sing 1A defait BMANaralisgion and ANOVA

The results of muscle cell differentiation experiments are shown in figures 3, 4 and 5. figure 3 shows
that under séflingfree rfon-difféierriation coaditions shovingand rk apgfogehimaliow fiuseie cell

differentiation.tg fagm 20.myotuhes figure 4 shows, that bAnglogepin.alsg Ingreases myobjast

differentiation and myotube formation in the presence of 2%HS in a dose dependant manner. Inclusion
of rhAnglogérfih &t alsirfigle dosage Ievel provesthanasglegerinis tHe maaEing fagtor. figure 5 shows

the synergistig 23€ffects af bovine paglogenlnand, . follista-fine Lpdernermal differentiation
conditions, myotube size is Increased following culture with bAnglogenin and rhFollista-fin compared
to standard EGAditarsSSACUuré RthPARGIog&mA o foIRStairiR-iSalatisn tigire Gay mersa’ed

10 to the other treatments.

The specific role of angiogenin in the differentiation
process was tested by repeating the differentiation culture
conditions with the peptide VFSVRVSILVEF (AUSPEP) which
specifically blocks the angiogenin/actin interaction (figure

15 7). The angiogenin blocking peptide inhibited bAngiogenin
specific differentiation as measured by increased creatine
kinase activity compared to the control group, demonstrating
that the response observed in Figure 5 is due specifically
to angiogenin.

20 The ability of angiogenin to recover muscle cell
differentiation was tested by incubating C2Cl2 muscle
myoblasts with rhMyostatin, bAngiogenin and rhFollistatin
under differentiation conditions. Myostatin is a negative
regulator of muscle cell differentiation and inhibits binds

25 with high affinity to follistatin. Figure 8 demonstrates
that myostatin inhibits muscle cell differentiation to
myotubes and that follistatin alone can not recover cell
differentiation. Including bAngiogenin in the incubation
media recovered the majority of creatine kinase activity,

30 however, the combination of bAngiogenin plus rhFollistatin
recovered creatine kinase levels to the control levels,
showing that angiogenin circumvents normal myostatin-

follistatin cell differentiation signalling. This
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30 differentiation is proved by crea-fine Ifinase assays (5b) showing significantly higher levels in the
anglogenin and rhFollista-fin combination treatment compared to the treatments in isolation or the
control. The synergistic effects of bAnglogenin and rhFolllstatin on global gene expression profiles
during the initial phase of myotubes formation (first 2 hours following differentiation) were tested using
milroarray analysis 5(figure 6). Minor differences in gene expression profiles are observed during initial
myoblast difterprtiatiosnin the controktneatthent onin pteseade of hhkollisiathr ovbAnggenin. Marked

differences are scelep.ln .t@e r%l%olléﬁgtlpn aggab%ns%ogcenln rgomblnear;ulorrg .tr(%atmené cgr)n.par%ql}o to the

other treatments.  ~ The %pecific role Of ang]ilogenln in the differentiation f)?oucress Was tested by
repeating the ldiffere htiationucultuye cbhditiong withrthe peptide MESVRVSH WY (AUSPEP) which

specifically Digeica the anglpoeniniactin interaction dfigure 9.7, Jhe Andlodenis blogking,peptide
inhibited bAnglogenin specitic differentiation as measured y Increased Creatlne kinase activity
compared to-thetdohitrob §rouis) depasnsirating tledttie respditsesoliseredd intfig ure Giguemspecifically
to anglogenlp; 20The ability of anglogenin to recover muscle cell differentiation was tested by
incubating C2C12 muscle myoblasts with rhMyostatin, bAnglogenin and rhFolllstatin under
differentiation conditions. Myostatin is a negative regulator of muscle cell differentiation and inhibits

binds 25 witghighallingy to folllHatn. Jigers 8 demensiraips had dpiaatatin inhibits muscle cell

differentiation to myotubes and that folllstatin alone can not recover cell differentiation.Including
bAnglogenin in the ifcutitibn nhediaFeeosted tHe na6rity 6F ciéatfIlRaseEativity1 80 however, the

combinationsQf bANnglegenin plusyhFelistattnrecevered cteating kinase levels-tasthgiqontrol levels,
showing that anglogenlin circumvents normal myostatinfollistatin cell differentiation signalling. This

experiment WA Yepetad Using AhLRSGE R o frevetheSpeciieRy Bf theThBeHdrisab-dhgiogenin

(Figure 9). Thi&l cell survival measured in the absence of serum. Figure
10 and Figure 11 show protection of PCl2 cells against cell
death upon serum starvation in the presence of rhAngiogenin

15 + rhFollistatin relative to rhAngiogenin alone or
rhFollistatin alone. Bovine angiogenin also had a protective
effect. After 22-24 hr of pre-treatment in the presence of
treatments in complete medium (in DMEM with 10% horse serum
and 5% heat-inactivated FBS), the cells were washed twice

20  with 300ul/well of serum free DMEM and addition of protein
reagents. After three days of incubation, cell viability was
measured based on ATP levels using CellTiterGlo® reagent
(Promega, Madison, WI). Luminescence was read using a
Victor3 (Perkin Elmer, Waltham, MA) multilabel plate reader

25 at room temperature. Figure 10 and Figure 11 show protection

of PCl2 cells against cell death upon serum starvation.

Example 5: In vivo animal studies:
To analyse the in vivo effects of angiogenin on muscle
30 phenotype in normal and muscular dystrophic mice animal
studies were undertaken. All work was approved by the

University of Western Australia animal ethics committee.
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shows that using rhAngiogenin, the recovery of myostatin induced reduction in creatine kinase activity
is identical 5 to that of bAngiogenin, including the synergistic mechanism with follistatin. Example
4:Angiogenin is Neuroprotective To test if anglogenin was active in combination with 10 follistatin on
nerve cells PC12 cells were cultured with bAnglogenlin, rhAnglogenin, and rhAnglogenin + rhFollistatin
and cell survival measured in the absence of serum. figure 10 and figure 11 show protection of PC12
cells against cell deathaipoarserdmdstarvation sn therpreseneelof thAnrglogenln &bt ciFallistatin
relative to rhAn%I%geﬂréglogg oErarhrEoIIistatqu eggne. .Bovine anglrg)gleg:l}y as%rhadtaierrg)tecti e effect.

After 22-24 fr 6 pre-treatmenlilln %elgr%sgnce of treatments in comp ete medium (inD with 10%

horse serunﬁ&@@ﬁ%heaﬁiﬂaethmed eFBB)améoéllngeJeIwmmmgélZO vﬂltlrﬁ_s@(_)(_)lwell of serum
free DMEM Q@?@Q?g'%eoﬁem%l i eagents. '%Iheré@‘l‘?ftd%@w%dél”%@aégé‘ﬁC‘R!M'Sbﬁ'g’r}?@% measured

based on ATP levels using CellliterGloO reagent (Promega, Madison, WI). Luminescence was read
using aXllitof8{Perkin €lvigs, Wakham, Mamuliiabel platé reader X5ratgaom tepvserature. figure 10

and figure 11 show protectign of PC.12 gglaaggi@%tﬁq”é}p@;h upon serum starvation. Example 5:In

vivo animal studies: To analyse the in vivo effects of anglogenin on muscle 30 phenotype in normal
and muscular dystrophitermicelafiniaf sridiePwere-ardértakene Af IR Waslaspraved by the

University OEDWJ?§E%”&AU§VQQ@ animalethics Commities. reed and voluntary
exercise; for voluntary exercise a metal mouse wheel is

10 placed inside the cage and the distance run by individual
mice is recorded by a bicycle pedometer attached to the
wheel. MDX mice were subjected to the same one month
dietary period. In separate experiments, mdx mice were given
the voluntary exercise treatment described above or were

15 given no voluntary exercise wheel.

Experimental Analysis:

During the experiments body weight, amount of food
eaten and muscle strength (grip strength test) were all
measured twice weekly. At the conclusion of each experiment

20 the mice were sacrificed by halothane anaesthesia and
cervical dislocation.

Experimental mice were used for the following analysis
to determine any changes in phenotype as a result of
treatments on dystrophic and normal muscle.

25 1) Body Composition analysis: Half of each skinned
mouse carcase were analysed for body composition. In
addition, individual leg muscles including the quadriceps
(quad), tibialis anterior (TA) and gastrocnemius muscles
were dissected and weighed, as well as the abdominal fat

30 pads and heart, data was recorded to determine gross
phenotypic changes induced by the diets.

2) Histological analysis: Skeletal muscle and heart

samples were collected and prepared for both frozen and

50



Mice were fed 2 diets during each trial; a control diet and a diet containing an bAngzogenzn enriched
fraction made according to example 1 at 2.5pg/g mouse weight. These studies were carried out on
adult (8wks of age) male normal 5(C57) and dystrophic (mdx) mice with n=8 for each mouse strain per
diet for each experiment.  Normal mice were subjected to a one month dietary period with ad libitum
access to feed and voluntary exercise; for voluntary exercise a metal mouse wheel is 10 placed inside
the cage angthe distanceirsihdiyoindividiiad mite isirecdrdethby aibicyches pedarhetersatitached to the

wheel. MDX.spice wore_sublected to the.same one menth dietary period, In sebagate gxperiments, mox
mice were given thé vo unta%/ exercise treatment described above or were 15 given no’voluntary
exercise wheeld Ekperimental dmalyslisick ®utingathe @xperinrentbodyweight camosanieafrfeod eaten

and muscle girenqth (grn sienaf feswere llmeasureg uics weekly. &1 fe.conclusian of each

experiment 20 the mice were sacrificed by halothane anaesthesia and tervical dislocation.
Experintental yniée ere luged for thiehfpllewihgiatalysis tedéteprineua®y/l elsantes in phenotype as a
result of treajments,on dystrophic and normal muscle. 251) Body Composition analysis: Half of each

skinned mouse carcase were analysed for body composition. In addition, individual leg muscles
including the quadfiepslts from the in vivo experiment are shown in

Figures 12 to 15. It is clear that the diet supplemented
with bAngiogenin enriched fraction at 2.5ug/g induces muscle
10 gain (Figure 12) of up to 50% compared to the control group.
Increase in muscle mass was accommodated by increased cross
sectional area of most muscle fibre types except for the
population of small dark fibres corresponding to slow-twitch
oxidative fibres (Figure 13). Mice receiving the angiogenin
15 enriched diet also ran 30% further than the control diet
mice as measured by voluntary exercise (Figure 14). Taken
together, this data shows that angiogenin influences muscle
size and fitness in vivo.
When fed to mdx mice, angiogenin reduced the proportion
20 of the muscle that was necrotic when mice were allowed
access to voluntary exercise (Figure 15). This demonstrates
that angiogenin is capable of inhibiting the effects of

exercise on muscle breakdown in mdx mice.
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(quad), tzbballs anterior (TA) and gastrocnemzus muscles were dissected and weighed, as well as the
abdominal fat 30 pads and heart, data was recorded to determine gross phenotypic changes Induced
by the diets. 2) Histological analysis: Skeletal muscle and heart samples were collected and prepared
for both frozen and paraffin histology. Histological analysis was performed on the following muscles,
guad, TA and diaphragm. Haematoxylln and Eosin, Sudan Black and various Immunohlstologlcal
stains were gédamsed on these muscles. Skeletal myofibre necrosis, 5 myofibre hypertrophy and fat
content of muscles was determined. Results from the in vivo experiment are shown in Figures 12 to
15. It is clear that the diet supplemented with bAnglogenin enriched fraction at 2.5pg/g Induces muscle
10 gain (figute 12) &f opto B0es eprmpaied tocthecdnfrok groupniricregseninsmuscle masswas

accommodaje %%Jﬂ‘%{ a%%dc‘&@é%g tiopa area OEPb‘?f?t?brsc'elfh%rﬁot}%ﬁﬁiﬁﬂe?ﬁ%%%f%r the population

of small dark fibres cor esponding to slow-twitch oxidative fibres (figure 13). Mice receliving the
anglogenin B3 earichdd dighalseranB09% fwtherehan Hee eonteol d;@tqﬁmsa@me*aéared by voluntary

exercise (figyre 14). Taken together, this data shows that-anglogenn Infliences muscle size and

fitness in vivo. When fed to mdx mice, anglogenin reduced the ‘proportion 20 of the muscle that was
necrotic when hceliveie afsWied decdss towoltafeexseise(figare"ss) 1 Thig demonstrates that

anglogenin is,capableofinhibiting the effects of exercise ondnusale breakdawn, insmdx mige.
angiogenin in a composition, food supplement or
10 neutraceutical, wherein the angiogenin promotes muscle

growth.

2. The method of claim 1 wherein the composition, food

supplement or neutraceutical further comprises follistatin.
15

3. The method of claim 1 wherein the angiogenin is

administered with follistatin.

4. Use of angiogenin in the manufacture of a medicament

20 for decreasing fat in an obese individual, for decreasing an
obese individual’s fat to muscle ratio, treating
Phosphorylase Deficiency, Acid Maltase Deficiency,
Phosphofructokinase Deficiency, Debrancher Enzyme
Deficiency, Mitochondrial Myopathy, Carnitine Deficiency,

25 Carnitine Palmityl Transferase Deficiency, Phosphoglycerate
Kinase Deficiency, Phosphoglycerate Mutase Deficiency,
Lactate Dehydrogenase Deficiency, and Myoadenylate Deaminase
Deficiency, insulin-dependent diabetes mellitus, noninsulin-
dependent diabetes mellitus, hyperglycemia, impaired glucose

30 tolerance, metabolic syndrome, syndrome X, insulin
resistance induced by trauma, obesity, muscle and

neuromuscular disorders, muscular dystrophy, severe or
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Claims: 1. A non-therapeutic method for promo-L.11-1g muscle growth, improving recovery of muscle
from use, improving muscle 5 strength, improving exercise tolerance, increasing the proportion of
muscle in an individual, for decreasing fat in a healthy individual, or for decreasing a healthy
individual's fat to muscle ratio, comprising administering anglogenin in a composition, food supplement
or 10 neutraceutical, wherein the anglogenln promotes muscle growth. 2. The method of claim 1
wherein the lcemposition] foodesupplementar ngitracsuitieal flither-comprisesifollistatdhyl5 3. The
method of clgim 1 whereirlt e an igger&jnsistiag inistered %/itrrllf‘(c)ll tatijer .Useo iasncqglcigenln in the

I 4
manufacture 6f a medicament 20 for dec?/easmé) al in an obese |n(§\>//i%uaﬁ?c})1rydecor{ea5|ng an obese

individual's fat toomustledatio rvedting Phiosprrorylase DifisieneynAnd Mdltase Deficiencys , _
Phosphofruciakipase Deficiency, Rebrancpet Enzyme Deficiency, Mitachondrual Myepathy, Carnffine
alr nsfe

Deficiency, 25 Carnffine ityl Tr rase Deficiency, Phosphoglycerate Kihase Deficiency,

Phosphogly&erkitey MutadeyDeficienoy M idetdteDelydtogertisetDeficienay apdMydadarnylate
Dearlinase %qf&céqpceyt Mg}deggpgg@t dighetes rg@}j%orggplngg%%eso@{@gnt diabetes mellitus,

hyperglycemia, impaired glucose 30 tolerance, metabolic syndrome, syndrome X, Insulin resistance
Induced by ®PRFHAVEHESTE, MUSERNEAY nEd/Padstul s diseraers muscera tdystroply,-ssvere or

benign X-linked, muscular ﬂy%%efmAiin%QEQ@wét@gbx,lfﬁg@gagtéIQBs&%@lldystmphy, myotinic
dystrophy, distal muscular dystrophy, progressive dystrophic ophthalmoplegia, oculopharyngeal
dystrophy, DUthehAE st ardistroph) 15 Fakayama-typé ebngenits fiusturst dRtophy; muscle

atrophyp orgar atrophy; carpaktunagh syndiemer-cardestive ahsihictive, pulmanpaly disease:congenital
myopathy; myotonia congenital; familial periodic paralysis; paroxysmal myoglobinuria; myasthenia

gravis; EatofLamhbert syridronie1b%econdarmyasthenial denefation atrdphy:-p&roxymal muscle

syndromes, traumatic or chronic injury to muscle tissue,
improving recovery of muscle from injury, premature gonadal
failure, androgen suppression, vitamin D deficiency,

15 secondary hyperparathyroidism, nutritional deficiencies, and
anorexia nervosa; wherein the angiogenin promotes muscle

growth.

5. The use of claim 4 wherein the angiogenin is bovine in

20 origin.

6. The use of claim 4 wherein the angiogenin is extracted

from bovine milk.

25 7. The use of claim 4 wherein the medicament is for
administering orally and is provided in an angiogenin

enriched extract from milk or plasma.

8. The use of any one of claims 4 to 7 wherein the

30 medicament is administered with follistatin.
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atrophy; sarcopenia, cachexia and other muscle wasting syndromes, traumatic or chronic injury to
muscle tissue, improving recovery of muscle from injury, premature gonadal failure, androgen
suppression, vitamin D deficiency, 15 secondary hyperparathyroidism, nutritional deficiencies, and
anorexia nervosa; wherein the angiogenin promotes muscle growth. 5. The use of claim 4 wherein the
angiogenin is bovine in 20origin. 6. The use of claim 4 wherein the angiogenin is extracted from
bovine milk. 25 7.Theaisessf clgine4 wheneindlie ciedicaméntis far atdmirasteringerally and is
provided in an angiogenin enriched extract from milk or plasma. .8.The use of any one of claims 4 to 7
wherein the r&%grﬁggfgg%%n%%% ministered with fol |5Q[gt£|)nl.s{ga.atr]h%'use of any one of claims 4 to 7
wherein the medicament further comprises folllstatin.  10. The method according to claim 1,
substantlallyl%s_S hﬁglnngeegﬁggeg g\/étgrrﬁgqgn%% to.a0y gne ,of gb%gzé%rggheglaﬂg/%rsﬂgures. 11.
The use according to claim 4, substantially as herein described with reference to any one of the
examplés and/oelofigigesribed with reference to any one of the examples

and/or figures.
11. The use according to claim 4, substantially as herein

described with reference to any one of the examples and/or

10 figures.
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