ORALLY ADMINISTRABLE DOSAGE FORMS COMPRISING ANGIOGENIN AND USES THEREOF
Field The present invention relates to oral preparations and 5 particularly to oral preparations of
therapeutic agents, particularly proteins and their use in methods of treatment. Background Oral
administration of therapeutic agents is desirable 10 because it is generally associated with optimal
compliance by the patiit yikpiheN etReBt. e POSACENGORMY ItE graEe Shadbilyarfobexioging
schedule, as well as avoiding the risks, inconvenience and expense associated with administration by
injection. However, the ability to 15 utilize w&&d by the ability of the therapeutic agent
to survive arri aad enzymatic degradation in the oral cavity and digestive tract, and to pass across the
epithelial cell layer Into the systemic circulation. This is particularly a problem with_ protein 2
therapeutics, which e KHowis tb-sdfferrom %?ot@%igﬁ%ﬁratd)atfﬁ#} the gheand halé prltems
crossing Intethexsystemicl girctdatiorns Almestall-pharomacolayicalqrateinsare refcoraly, available to a
useful extent. Infarticlularl hormones such as Int ulintgrowth .hormo%‘l< , @Iliclef- 5 stineulatigg
hormone or BalcItonin” and c@ifo%%lsnssucﬁnas Interferon or 1nterleukin; are known to have oral
avallabilltles without special formulation well below 2%. At such levels, the temporal and

inter-individ11|_,f'gckground

Oral administration of therapeutic agents is desirable

10 Dbecause it is generally associated with optimal compliance
by the patient with the treatment regimen, and permits
greater flexibility of the dosing schedule, as well as
avoiding the risks, inconvenience and expense associated
with administration by injection. However, the ability to

15 utilize the oral route is limited by the ability of the
therapeutic agent to survive acid and enzymatic degradation
in the oral cavity and digestive tract, and to pass across
the epithelial cell layer into the systemic circulation.

This is particularly a problem with protein

20 therapeutics, which are known to suffer from protease
degradation in the gut and have problems crossing into the
systemic circulation. Almost all pharmacological proteins
are not orally available to a useful extent. In particular,
hormones such as insulin, growth hormone, follicle-

25 stimulating hormone or calcitonin, and cytokines such as
interferon or interleukin, are known to have oral
availabilities without special formulation well below 2%.

At such levels, the temporal and inter-individual
variability in availability is typically high, rendering

30 oral administration impractical, uneconomical or dangerous.

Protein drugs are of increasing importance in medical
treatment. However, their use has been limited by the fact
that the great majority of proteins have to be administered

by injection. Although alternative routes of systemic
1



variability in availability is typically high, rendering 30 oral administration impractical, uneconomical or
dangerous. Protein drugs are of increasing Importance in medical treatment. However, their use
has been limited by the fact that the great majority of proteins have to be administered by injection.
Although alternative routes of systemic 1 administration have been suggested, such as the
pulmonary, nasal or transdermal routes, hitherto these have been developed only for a Minted range
of agents araldsuffet $rona tinitatibas i toterabitityoaredsinethie aanaiintsaf compaundrb that gan be

delivered in a single dose. Variouslattemlgts ha\@.bt%en madg to impﬁove thg bloavallabllity of
naFa or Tr ngderma rau e? itherto these av% eeq. L
pharmaceuticals. These Include incorporation of penetration enhancers, such as salicylates, lipid-bile

salt mixes, micele)wiyterides andrl Radyloarnéfihesangehese aecfoundaodaase fexicifirproblems

on most accasigns. ; QI ApLein heraneytics, altemts,a mbroye ofal bloavalablliy lpclude mixing

the protein or peptide with protease inhibitors such as aprotinln, soybean trypsln 15 inhibitor and
amastatin, t¢-limit degradatictedfithe zrininistéred therepedtic @agent. Unfortunately these protease

inhibitors are not s@ggq%gn%gggﬁ%%go%grgt% qgg@ésocighi%'zl%goqyeth%with undesirable

effects. Other attempts to provide oral formulations of proteins have 20utilized protective cos:L.11-1gs
such as entériceeoRE 1allds! aloriefoPlogettr stthi cemicalmoaficaticn Bfthe peptide by coupling

of the protei@@&@ﬁp&i%ﬁq amphiphllic,ligomers, prhplymets,comprising for example ahydrophilic
polyethylene glycol moiety and a lipophllic alkyl moiety. 25 These techniques confer very limited
success. AndtietApptdachtiz 46 dBtPditexdpieRt that lodsens Weé 8§t jBhetions in the gastrointestinal

tract, but thig appraachicauses tolgrability problemsrbacausetheLompronised baffler may admit all
molecules in the vicinity, including 30 bacteria. Also calcium alginate-coated liposome formulations
problems on most occasions.

For protein therapeutics, attempts to improve oral
bicavailability include mixing the protein or peptide with
protease inhibitors such as aprotinin, soybean trypsin

15 inhibitor and amastatin, to limit degradation of the
administered therapeutic agent. Unfortunately these protease
inhibitors are not selective and endogenous proteases are
also inhibited by them with undesirable effects. Other
attempts to provide oral formulations of proteins have

20 utilized protective coatings such as enteric coatings, alone
or together with chemical modification of the peptide by
coupling of the protein or peptide to amphiphilic oligomers
or polymers comprising for example a hydrophilic
polyethylene glycol moiety and a lipophilic alkyl moiety.

25 These techniques confer very limited success. Another
approach is to add an excipient that loosens the tight
junctions in the gastrointestinal tract, but this approach
causes tolerability problems, because the compromised
barrier may admit all molecules in the vicinity, including

30 bacteria. Also calcium alginate-coated liposome formulations



have been used for colonic delivery of peptides. However, so far such approaches have found only
limited application. It is an a= of a preferred embodiment of the present invention to provide an oral
protein preparation capable of 5 providing a biological effect. All references, including any patents
or patent applications, cited in this specification are hereby Incorporated by reference. It will be clearly
understood that, although a number of prior art publications are 10 referred to herein, this reference
does not comstitatetareadmissibntthat any of fheséeddcuments formeppard ©f theicoranon, gereral

knowledge in the art. Summary 15A first aspect provides a method., of treatment of any disorder in
winch admin%éit}:atﬁ)%co e?r?gqggé((ean%?ssbsgﬁé?%:igfp \}Jvﬂgre(l)rr]1 %fe gﬁgni%)agn nGs %glmclr%fgtle%d orally. Itis
particularly envisaged that the anglogerin aillhe admimiste redbordllpawithout theyequirementfor a 20

carrier or exglplent.or for “%‘130%9} @it8§ea%”Z%P%E'a£?Po%re%%Pjeﬁc}%%E&%‘M giper meghapisgyto

Improve the protein’s oral bloavallabllity. glogenin is a 14 kDa, non-glycosylated polypeptlde
winch i$ proguced-by severab grovviag eell tydessinéluding 25 vascular endothelial cells, aortic smooth

muscle cells, fibrobzlﬁslts,&rp&gpgégrpoyﬁ%%ﬁmg% cg&qg %(Eiggglbasogv%ré%g@rcinomas, and
breast cancers. Anglogenin has been
applications, cited in this specification are hereby

incorporated by reference. It will be clearly understood
that, although a number of prior art publications are

10 referred to herein, this reference does not constitute an
admission that any of these documents forms part of the

common general knowledge in the art.

Summary
15 A first aspect provides a method of treatment of any
disorder in which administration of angiogenin is
beneficial, wherein the angiogenin is administered orally.
It is particularly envisaged that the angiogenin will
be administered orally, without the requirement for a
20 carrier or excipient or for the protein to be encapsulated
or subjected to any other mechanism to improve the protein’s
oral biocavailability.
Angiogenin is a 14 kDa, non-glycosylated polypeptide
which is produced by several growing cell types including
25 vascular endothelial cells, aortic smooth muscle cells,
fibroblasts, and some tumours such as colon carcinomas,
ovarian carcinomas, and breast cancers. Angiogenin has been
isolated from a number of sources including normal human
plasma, bovine plasma, bovine milk, and mouse, rabbit and
30 pig sera and is also available recombinantly, for example as

human or bovine recombinant angiogenin
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Isolated from a number of sources including normal human plasma, bovine plasma, bovine milk, and
mouse, rabbit and 30 pig sera and is also available recomblnantly, for example as human or bovine
recombinant anglogenin Anglogenin has been Implicated in a number of diseases and disorders.
All treatments involving administration of anglogenin proposed by the prior art that may benefit from
oral administration of anglogenin are wifilfin the scope of 5 the present invention. Whilst the prior
art suggests oral délhery ot anglogesins=one npa laumidkyl listhofarontescefradnfinitration dishas not
previously been demonsizaed thaj nalogenin,is grally bloayaliable. Ageordingly.g sidlled 10 person
reading prior art suggestions that anglogenin be administered ora(ﬁy would have considered that
carriers, exciplentsgendapsutationsercother stabilisingtechmelogh aasmeecessary/tbtallbnothe

anglogenin to remain IntAGtIp the gy, ang y?%%‘% 8‘8%%%”8%% the gyt wall jnto é*&%éé blgodstream.

The finding that anglogenln is orally bloavailable without the need for such manipulation Is particularly
unexpeeted ahd sergrising. Rarvienlatlpthe anglogenin may be administered orally as a food or food

supplement, as a nifraceytical or 8s a20 Qggrrg%qﬁjgig@g The_anglegenin may ke human or bovine

recombinant anglogenin or be extracted from any suitable source, for example milk or plasma.
Particularly eériierpfated is6rabaantitistation B nutradéutidal €6HpodSItidh comprising an

anglogenin enfiched A5 fragtion fremymik. Suchifraction may hedueparstbusitg hed that

angiogenin is orally bioavailable. Accordingly a skilled

10 person reading prior art suggestions that angiogenin be
administered orally would have considered that carriers,
excipients, encapsulation or other stabilising technology
was necessary to allow the angiogenin to remain intact in
the gut and yet be able to cross the gut wall into the

15 Dbloodstream. The finding that angiogenin is orally
biocavailable without the need for such manipulation is
particularly unexpected and surprising.

Particularly the angiogenin may be administered orally
as a food or food supplement, as a nutraceutical or as a

20 pharmaceutical. The angiogenin may be human or bovine
recombinant angiogenin or be extracted from any suitable
source, for example milk or plasma.

Particularly contemplated is oral administration of a
nutraceutical composition comprising an angiogenin enriched

25 fraction from milk. Such fraction may be prepared using the
method described in example 1 or by other suitable means.

A further aspect provides an oral dosage form of
angiogenin. The angiogenin oral dosage form may also
comprise follistatin or the oral dosage form of angiogenin

30 may be provided in a kit which includes a dosage form of

follistatin. The oral dosage form of angiogenin may take
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method described in example 1 or by other suitable means. A further aspect provides an oral
dosage form of anglogenin. The anglogenin oral dosage form may also comprise follistatln or the oral
dosage form of anglogenin 30 may be provided in a }fit winch Includes a dosage form of follistatin. The
oral dosage form of anglogenin may take the forms of tablets, aqueous or oily suspensions, lozenges,
troches, powders, granules, emulsions, capsules, syrups or elixirs. 5 Brief Description of Figures
Figure 1 showsa tnerdimefisicmal SBS pelyaerylasnzde gellof blosg plasmansamplesdakersat 2 and 3

hours followitngoigggsstion of | Wrasngzggaerqlzlriggse %%rfg angzogenzn lanes 1 and 2 resgectzvely),

medium angzogenzn ﬁoggY mg 10 angzogenzn, lanes 3and 4 vé p%%tl\?gly) gﬁ/&]ﬁ?g% aﬁ:gzogenzn
dose (150mg bhgzogenzn, lanes 5 and 6 respectzvely). The level of angzogenzn in the blood shows a
clear Increase from the low to the high dose across both 2 and 3 hour time points. 15figure 2 shows
angzogenzn fed in the diet at 2.5mg/g feed under ad libitum feeding conditions Increases quadriceps
weight in miBx i&ffdPasephnitdem abdvEd gneresrcise freely on standard rodent running wheels.

Figure 3 shows thap apgzagenzn fed.in the et at 20.2.5vig feed;yadey ad libitum feeding gonditions

Increases results in muscle fibre type cross sectional area changes in mice fed for 1 month and

allowed to eRérciseofpdely basstandardrdaentaukdihgwhéelBNGroup Aeans for éontidl @nimals are
remesmﬂedﬂﬂg@g@ﬂgﬂs@@dgggugﬁ@¥g§gp§n dose (25mg angiogenin, lanes 1

and 2 respectively), medium angiogenin dose (75mg

10 angiogenin, lanes 3 and 4 respectively) and high angiogenin
dose (150mg angiogenin, lanes 5 and 6 respectively). The
level of angiogenin in the blood shows a clear increase from
the low to the high dose across both 2 and 3 hour time

points.

15 Figure 2 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
exercise freely on standard rodent running wheels.

Figure 3 shows that angiogenin fed in the diet at

20 2.5ug/g feed under ad libitum feeding conditions increases
results in muscle fibre type cross sectional area changes in
mice fed for 1 month and allowed to exercise freely on
standard rodent running wheels. Group means for control
animals are represented in white bars and group means for

25 Angiogenin treated animals are represented in black bars.
Standard deviations are given.

Figure 4 shows that that angiogenin fed in the diet at
2.5ug/g feed under ad libitum feeding conditions reduces the
area of muscle necrosis in the quadriceps of MDX mice

30 allowed to exercise freely on standard rodent running

wheels.



25 Angzogenzn treated animals are represented in black bars. Standard deviations are given.

Figure 4 shows that that angzogenzn fed in the diet at 2.5v/g feed under ad libitum feeding conditions
reduces the area of muscle necrosis in the quadriceps of MDX mice 30 allowed to exercise freely on
standard rodent running wheels. Detailed Description One aspect relates to the treatment of
disorders. The terms "treating” and "treatment” as used herein refer to reduction in seventy and/or
frequency oPsytrapgtbets, Beslmminptidenf symptoms and/or underlying cause, prevention of the

occurrence of symptoms (Q[Q’Oé)eh Jcaxisé)laanglé%rt 8ir 4 ngeg¥iggt%§eu§g, %gd gyggor\/génresnt or,f%}r?edlatlon
of damage. Thus, for example, the present method of "treafing” a disorder encompasses bot
prevention of ¢endisbrderdn ant)' predispbsedandividual and treatméertrefihe distrdertia a clinically

symptomatiq:i&gl%%liagh in ;é%@tﬁsa%ggor}er%@e%qygﬂ% nype i %[%t?b%sor prevention of a

condition in a vertebrate, a mammal, particularly a human, and Include iting the 15condition,

1.e., arfestirgliigdavélopment or yelidirg op amedioratingeheé eifegtscefithe copditionn L orcause
regression of he gffects of the gendition.c Praphylaxisi,orrophylactic’ o jpreveptative” therapy as
used herein Includes preventing the condition 20 from occurring or ameliorating the subsequent
progressionwfderlying cause, and improvement or remediation of damage.

Thus, for example, the present method of "treating" a

disorder encompasses both prevention of the disorder in a

10 predisposed individual and treatment of the disorder in a

clinically symptomatic individual.

"Treating”" as used herein covers any treatment of, or
prevention of a condition in a vertebrate, a mammal,
particularly a human, and includes: inhibiting the

15 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”
therapy as used herein includes preventing the condition

20 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.

Persons of skilled in the art reading patent
specifications suggesting that angiogenin can be

25 administered orally would have appreciated that some method
for improving the biocavailability of angiogenin was to be
employed.

Known disorders and diseases in which administration of
angiogenin has been suggested include those requiring

30 angiogenesis. Oral treatment with angiogenin is therefore

proposed for promoting development of a hemovascular network
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the condition in a subject that may be predisposed to the condition, but has not yet been diagnosed as
having It. Persons of skilled in the art reading patent specifications suggesting that anglogenin can
be 25 administered orally would have appreciated that some method for improving the bloavallabillty of
anglogenin was to be employed. Known disorders and diseases in which administration of
anglogenlin has been suggested Include those requiring 30 anglogenesls. Oral treatment with
anglogenln isrthereferenprdoposed-forprombting development of aremaoviasculax hetwork in a
mammal, forf%ﬁalrggllehto in %oellaet;[:eﬂragc%i culation follg\évin %Qgﬁret a&tg&lkl, or.to_promot wound healing

a ac O n or
for example n joints or otfier locations. ng o’genfn has been shown t0 possess a number of other

activities, ineluding lee5 heurcprotestive eﬁebE(JSubDamahtamsqt aIA@@@?a)elﬂumahMolbe_@lar Genetics
vol. 17, no. L1 149) and has been prapased fo heiseful i vsating peuradegenerativg diseases,

such as ALS or motor neuron disease (see W02006/054277). Anglogenin has also been proposed for
10 inhibitingreplicationtef RNAirasés i-priabr agtivated: Tedells and chidnicallyifected cells and is

proposed foy,treating RNAsinfegtion by, Betroylridae, Cysioydtldags imaydridae, Regylrldae,
Coronavlrldae, Flavlvirldae, Togavlrldae, "Arterlvlrus”, Astrovlrldae, Caliclvlrldae, 15

Plcornav1rl8&€PPé&tyd1iaelaes Omtpmykoviriidaes Ellevl rdas CPafmmpovi iMiae, Rhabdovirldae,

Arenavlrldag, andBunyavlridagand is syggested fordrgating human immupgdeficiency virus (see
w02004/106491).The Inventors propose that such diseases or disorders may be treated by 20

adnﬂmsuym@qﬁg%ﬁé%@%%ﬁyémmyAngiogenin has also been proposed for

10 inhibiting replication of RNA viruses in primary activated T
cells and chronically infected cells and is proposed for
treating RNA infection by Retroviridae, Cystoviridae,
Birnaviridae, Reoviridae, Coronaviridae, Flaviviridae,
Togaviridae, "Arterivirus", Astroviridae, Caliciviridae,

15 Picornaviridae, Potyviridae, Orthomyxoviridae, Filoviridae,
Paramyxoviridae, Rhabdoviridae, Arenaviridae, and
Bunyaviridae and is suggested for treating human
immunodeficiency virus (see W02004/106491). The inventors
propose that such diseases or disorders may be treated by

20 administering the angiogenin orally.

Our co-pending application proposes use of angiogenin
in treating disorders involving follistatin, i.e. methods of
treating a disorder associated with myostatin in an
individual, methods of treating disorders where the

25 interaction between follistatin and angiogenin can be used
to improve function in tissues, methods of promoting muscle
growth in an individual, methods of improving recovery of
muscle from injury or use in an individual, methods of
improving muscle strength in an individual, methods of

30 improving exercise tolerance in an individual, methods of

increasing the proportion of muscle in an individual,
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Our co-pending application proposes use of anglogenin in treating disorders involving follistatln, lie.
methods of treating a disorder associated with myostatin in an individual, methods of treating disorders
where the 25 interaction between follistatin and anglogenin can be used to improve function in tissues,
methods of promo-L.11-1g muscle growth in an individual, methods of improving recovery of muscle
from Injury or use in an individual, methods of improving muscle strength in an individual, methods of
30 improvingexérpise toferdace #ran individuali methodsdfimtreasingathe preporids afimuscle in an

individual, _ r’gethgte:lg o{ rqecraeas,iinrgdffl\tz|.nd%rgt indslwgg%l aCnd rnﬁ'%r}ﬁdes (%fadﬁeféga&gq n Slﬂ%lVldUal's fgt to
muscle ratio. All such methods can ufilise anglogenin administered ora y in accordance with the first

aspect. 50thertisedSforerally adhiinistered angiogenl thcludestretotistodhdrease muscle mass,
Increase bone density, decrease myscle ﬂasSELQ‘QFSJe%tor for the treatment or prevention of conditions
t

wherein the presence of myostatin causes or contributes to undesirable pathological effects or
decrease 10 of my6&stagn levedshas a therapeutie denefitsinenadntaly, srefarably Huedarsss In addition,

anglogenin may be used fo treat conditigns wherg myostatln.is.nat dysrequlated byt Jmproved

follistatln mediated cell stimulation can be gall-led by addition of exogenous anglogenln.
15AnglogenteEditBe tsed 36 +edteSthelseventy dfod pAtholdgic edAGiTiGn AWinek $§ eRaraeterized, at

least in part,Jy an ahnermalamaunt: dgvelgpment or metabglicactivity of muselesersadjpose tissue in
a subject. It can be administered to prevent, ameliorate or reduce the seventy 20of a was-L.11-1g

disorder, suc¥* s taEHERER, Ehorexig SAIF hWash2 H A irsiherdma L ifesEdap Ay stpopties e

neuromyiscular diseases: motoereuronydiseasesy disggses ofthepuromusgulas fnetion, and
Inflammatory myopathles. The term "disorder associated with myostatin” refers to 25 disorders of

muscle, bonBr 6 §EieBse hBHEwR Easis, AhdAIREiibe UisordBREL 28Tt idte A With St Rfal Ayostatln.

treat conditions where myostatin is not dysregulated, 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.

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

8



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 and
bowel. The method of the first aspect is particularly applicable to skeletal muscle but may have some
effect on 5 dardgiat landamr smoath miisote nRefetence torskeletaluscle @scusegrherein also Includes

interactions befyeen hone, muscle and gendans and Includes musgle,flbyes and jojnts, Whist
anglogenin has previously been suggested to have an effect on cardiac muscle by virtue of its

anglqger_ﬂl lorattivityrand ability tonprovide mﬁrerd_s%dﬂ_jl@@dt fl@WHecatlescIBaﬂﬁs'etfé@tlvﬂtafs restricted
to oxidative myscles (fype lt%”‘_’sﬁéfé’?e'PQJR%@H%tagk'l@%%ﬁgeﬂaeﬁeecéso%a@%% N of) muscle as

seen in the first aspect are distinct from those relating to anglogenesTs as evidenced by 15 all muscle
fibres being affedtedc The propostebudds oitaglegenlRohdieithy indiviskiaketal muscle

as used herein also includes interactions between bone,
muscle and tendons and includes muscle fibres and joints.

Whilst angiogenin has previously been suggested to have
an effect on cardiac muscle by virtue of its angiogenic

10 activity and ability to provide increased blood flow to a
muscle, this effect was restricted to oxidative muscles
(type I and type IIa). The follistatin mediated effects of
angiogenin on muscle as seen in the first aspect are
distinct from those relating to angiogenesis as evidenced by

15 all muscle fibres being affected.

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.

20 Since angiogenin is highly conserved in sequence and
function across species, the method of the first aspect is
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

25 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.

In a preferred embodiment of the method of the first

30 aspect angiogenin is administered orally in the form of an

angiogenin enriched extract from milk or plasma.
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will be useful to athletes, both elite and amateur, body builders, those desirous of weight loss of
enhanced physique and manual workers. 20Since anglogenln is highly conserved in sequence and
function across species, the method of the first aspect is 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 25and ovine), avian species (e.g., chicken, turkey, other game birds or
poultry)] wherein thespresende of.myobtatfid causes ardodntiibtitesto undesgbleipathelogical effects or

decrease of mryostatfil(jle¥glgmhac§o% ther%peiL}l(tic beréefilg. Incacgrefer{%% emodeir?gnt of the ni%thod of the

first 30 aspe%t zeaﬁglgaenln iS administered oralﬁlrin the form of an angfoegenfn enriched extract from
milk or plasmaing tPertioulardy e dresdly adveidistered=angiogenin is preparet-fromicow's asilk or a

fraction thergaf, for e "Eé‘sg}%o%d%rf’g‘?l%%%%%%@ﬁda! fxample 1, Sych fragtion hag been found

to provide anglogenlin able to act systemically, 5 without substantial degradation in the gut. Such
fractionds abié th detprevided vralhawitieatarmploying carriéiscorather méehaniSisabiaihance the

bloavallabllity of anglogenin,. 1o Ehe-rally administered anglogenin may he.or comprise- 10

recombinant anglogenin, particularly of human origin. As referred to herein “oral delivery” or "oral
administratiGite IRRpded 16 erctMpass angadriifisraion ot devery o tRd GI tract and Includes
administration, direcflyto,the oropharyngeal cavity, and

The orally administered angiogenin may be or comprise
10 recombinant angiogenin, particularly of human origin.

As referred to herein "oral delivery" or "oral
administration" are intended to encompass any
administration or delivery to the GI tract and includes
administration directly to the oropharyngeal cavity, and

15 administration via the mouth in which the actual absorption
of the peptide or polypeptide takes place in the
gastrointestinal tract, including the stomach, small
intestine, or large intestine. Oral administration as used
herein encompasses sublingual administration (administration

20 Dby application under the tongue of the recipient,
representing one form of administration via the
oropharyngeal cavity) and buccal administration
(administration of a dosage form between the teeth and the
cheek of the recipient).

25 Oral delivery and oral administration may be used
interchangeably herein.

Angiogenin 1s described as being “bioavailable” if it
is present in the bloodstream of an individual to whom it
has been administered in a functional form. “Functional

30 form” means that the angiogenin is capable of having a

therapeutic effect.
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15 administration via the mouth in which the actual absorption of the peptide or polypeptlde takes
place in the gastrointestinal tract, including the stomach, small intestine, or large intestine. Oral
administration as used herein encompasses sublingual administration (administration 20 by application
under the tongue of the recipient, representing one form of administration via the oropharyngeal cavity)
and buccal administration (administration of a dosage form between the teeth and the cheek of the
reclplent). 250ral défivérytanid-oras admimistsation:-hay edused: mterchangeallly fiepgingenin
Anglogenin is described as being "bloavallable”. if it is present in the bloodstream of an individual to
horm 1 has BEen A e e o AT 1o el 20 ok et T anglogentn i
capable of hawingcay therapeuticieffette red Whitdt itfis propdsedithat adtiimistration of anglogenEn

orally may agﬁ@@f%‘%{e‘%iﬁ‘s%d%ﬁ L Jelistaten, oralanalegenEn, gdministered with fallEstatEn

(either simultaneously or sequentially) was shown by the Inventors 5 to have a more than additive

effect pémpé}r@dﬁ@‘&dn@inmﬂaﬁoﬁ]@ﬁfbllE@%Eh\mq@é 6erahglogenEnedoriee  Accordingly
administration,f; oral angloggnEp with follEstatkn is caniemplated , 1he anglogenkg and follEstatEn

may both be provided orally, in the same or separate 10 medicament, or the fqllEstatEn° may be
provided via anothécreriel fegexarmpreigarehteralhosr i aradsdermaPpatch? WiTthe anglogenEn

may be provided ina pharmaceutical, vglerinaty;or nytraceyiEcalcomposition eras afpgd.iparticularly
a functional food. 15A pharmaceutical composition is one winch is suitable
may both be provided orally, in the same or separate

10 medicament, or the follistatin may be provided via another
route, for example parenterally or via a transdermal patch.

The angiogenin may be provided in a pharmaceutical,
veterinary or nutraceutical composition or as a food,
particularly a functional food.

15 A pharmaceutical composition is one which is suitable
for administration to humans. A veterinary composition is
one that is suitable for administration to animals.
Generally such compositions will contain purified angiogenin
or at the very least all components of the composition will

20 be verifiable.

The orally administered pharmaceutical or veterinary
compositions used in the method of the first aspect may
comprise one or more pharmaceutically acceptable carriers
and optionally other therapeutic agents. Each carrier,

25 diluent, adjuvant and/or excipient must be pharmaceutically
“acceptable”.

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

30 along with the selected active agent without causing any

undesirable biological effects or interacting in a
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for administration to humans. A veterinary composition is one that is suitable for administration to
animals. Generally such compositions will contain purified anglogenEn or at the very least all
components of the composition will 20 be verifiable. The orally administered pharmaceutical or
veterinary compositions used in the method of the first aspect may comprise one or more
pharmaceutically acceptable carriers and optionally other therapeutic agents. Each carrier, 25 diluent,
adjuvant andlet exeEplensmushhbe phaimaceuticadly "acceptablet Byonhanmatceuticallytasceptable
carrier" is meant a materialc\:/vi chis no biglogicallx o&lé)ghceﬁwilste Lirédesirapgeiril.eed the material may be

t
administered t6 aﬁ?ﬁ(ﬁ\%gﬁa 0 g%%oﬁi%h the selected active agent without causing any undesirable

biological effebtstd)ainle/(a}cmg'mr@tgi_el@wws_mdmamttp&@d)htﬁe&ﬁﬁ@ _@mnperu@mw)f the
pharmaceutigalcompositian . whichi iscaniaingd, Simiialy, & ‘phammaceyfically accepiable: salt or

ester of a novel compound as provided herein is a salt or ester which 5 is not biologically or otherwise
undesirable 7&s 0séd hefsingd tphadraceuticdlcarier isiaphaimabdstically acceptable solvent,

suspending agent grvehicly ferdelivering the ageptiodhe subject N8 e is a
pharmaceutically acceptable solvent, suspending agent or
vehicle for delivering the agent to the subject. The
carrier may be liquid or solid and is selected with the

10 planned manner of administration in mind. Each carrier must
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.

15 Follistatin may be administered orally or parenterally.
The term parenteral as used herein in relation to
follistatin includes intravenous, intra arterial,
intraperitoneal, intramuscular, subcutaneous,
subconjunctival, intracavity, transdermal and subcutaneous

20 injection, aerosol for administration to lungs or nasal
cavity or administration by infusion by, for example,
osmotic pump.

The angiogenin can be administered orally as tablets,
aqueous or oily suspensions, lozenges, troches, powders,

25 granules, emulsions, capsules, syrups or elixirs. Such
composition may contain one or more agents elected from the
group of sweetening agents, flavouring agents, colouring
agents and preserving agents in order to produce
pharmaceutically elegant and palatable preparations.

30 Suitable sweeteners include sucrose, lactose, glucose,

aspartame or saccharin. Suitable disintegrating agents
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carrier may be liquid or solid and is selected with the 10 planned manner of administration in mind.
Each carrier must 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. 15Follzstatzn may be administered orally or parenterally. The term
parenteral as used herein in relation to follzstatzn Includes Intravenous, zntra arterial, zntraperztoneal,
Intramusculam subcwtaneaus, subcohjunctzvaly zotrdcamMziy ransdeymahaig sulbcutdaneouss 20
injection, aeg{oasrcl)gloa{nadminist@éig@ lo llutneqs ar naisal ca\éité/ioar administratiogﬁg‘%/iigg%si%n by, for

. a nic. r ar. .
example, osmotic pump. THe angzogenzn’can be aélmlnlstereé)oraﬁlg as'tablets, aqueous or oily

suspens_ipnsf, 1@2@1@9*@{1@0@1%WMMiLZBEgWBMSiQMﬂC@SMe@,f syrups or elixirs. Such
composition,fagy contain. ane of mare agents elected fram the g{%grfgfa%g@fggg agents, flavouring

agents, colouring agents and preserving agents in order to produce pharmaceutically elegant and
palatabfe préparatibas. 30-Saitable siweetenars Inclade sdérgsebkictssel glucosé aaspartame or

saccharin. Syitahle disintegrating agents, Include com starch, methylgellulose, polyyznylpyrrolzdone,

xanthan gum, bentonzte, algznil acid or agar. Suitable flavouring agents Include peppermint oil, oil of

wintergreen PEHetBE rany e 6L iaspbeiry Hawbiing. 5 Suitalle Redemaives heludecsotigm benzoate,

vitamin E, alphgtocophgralrascorhic acid, anethyl paraben pjepyhpaaben or sediwmhzsulphzte.

Suitable lubricants Include
chloride or talc. Suitable time delay agents include

10 glyceryl monostearate or glyceryl distearate. The tablets
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

15 diluents, such as calcium carbonate, lactose, calcium
phosphate or sodium phosphate; (2) granulating and
disintegrating agents, such as corn starch or alginic acid;
(3) binding agents, such as starch, gelatin or acacia; and
(4) lubricating agents, such as magnesium stearate, stearic

20 acid or talc. These tablets may be uncoated or coated by
known techniques to delay disintegration and absorption in
the gastrointestinal tract and thereby provide a sustained
action over a longer period. For example, a time delay
material such as glyceryl monostearate or glyceryl

25 distearate may be employed.

Follistatin preparations for parenteral administration
include sterile agqueous or non-aqueous solutions,
suspensions, and emulsions. Examples of non-aqueous
solvents are propylene glycol, polyethylene glycol,

30 vegetable o0ils such as olive o0il, and injectable organic

esters such as ethyl oleate. Aqueous carriers include
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magnesium stearate, stearzc acid, sodium oleate, sodium chloride or talc. Suitable time delay agents
Include 10 glyceryl monostearate or glyceryl dzstearate. The tablets may contain the agent in
admixture with non-toxic pharmaceutically acceptable exczpzents which are suitable for the
manufacture of tablets. These exczpzents may be, for example, (1) Inert 15 diluents, such as calcium
carbonate, lactose, calcium phosphate or sodium phosphate; (2) granulating and disintegrating agents,
such as cornwstarch oralgzhib acid; §3)ukinding sagents, sush aststarchogelatin or acacia; and (4)
lubricating agents such as ma%n%itgng,tearaﬁ] \ r%e%rrzl% Zk())u%gjegret Ic. Tcp.ege tablets may be

e . o : :
uncoated or coated. S}} known lteé;nnlfql}esgtos e éy disintegration an aglseorpl)tlon in the gastrointestinal

tract and theteby provide: astistained action over & fohgen petidd.rEoreexaripie latime delay material
such as glycery] menqstearate ot glycgiyl 22 dsz(ftea"’}ﬁétes@ﬂ&ﬁ employed., Follzstatzn

preparations for parenteral adminisfration Include sterile aqueous or non-aqueous solutions,
suspenSionS} Amgleamelsionsr Examples ofefor-aggecus-doldents are propydemerglyeeh polyethylene
glycol, 30 vegetable oil spch aslive oil; gnd Iniegtpble; arganic esters,such as,gthy gleate; Aqueous
carriers Include water, alcoholic/aqueous solutions, emulsions or suspensions, including saline and
buffered me@ia. Pareistera vehielesrreiludedsstliimchioride- solifers RiMgérs @extrése, dextrose and

sodium chlogde Jactated 5 Rangers niravenqus yehicles include, fluid andnputdentreplenhshers,
electrolyte replenhshers (such as those based
anti-microbials, anti-oxidants, chelating agents, growth

10 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
also be included in a container, pack, or dispenser together

15 with instructions for administration.

Other therapeutically useful agents, such as growth
factors (e. g., BMPs, TGF-P, FGF, IGF), cytokines (e. g.,
interleukins and CDFs), antibiotics, and any other
therapeutic agent beneficial for the condition being treated

20 may optionally be included in or administered simultaneously
or sequentially with the angiogenin or angiogenin agonist.

Angiogenin or its agonists may also be presented for
use in the form of veterinary compositions, which may be
prepared, for example, by methods that are conventional in

25 the art.

It is especially advantageous to formulate the
veterinary or pharmaceutical compositions in dosage unit
form for ease of administration and uniformity of dosage.
Dosage unit form as used herein refers to physically

30 discrete units suited as unitary dosages for the subject to

be treated; each unit containing a predetermined quantity of
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on Ranger's dextrose), and the like. Preservatives and other additives may also be present such as,
for example, anti-microblals, anti-oxidants, chelathng agents, growth 10 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 also be Included
in a container, pack, or dispenser together 15 with instructions for administration. Other
therapeutically useful agents; sdcl as growttefactars e ogly BMRS, & Gled?, #G6F, IGF), cytokines (e. g.,

hnterleukhns and CDFs), antibiotics, and any other therapeutic agent beneficial for the condition being
teated 20 MAL SNy be THOLAEd 1 oF BT S L ST kst o LoE antially with the

anglogenin mmm%@hlst.megenlﬁ@ itsragohists atayoalsd e presentedfgeuse in the
form of veteripary compesitiqns. ainahLmay b prepared, Jorexamele, by maetbods thatare

conventional in 25the art. It is especially advantageous to formulate the veterinary or
pharmateutical corapesitions iredésdgecenipforinfor easeé ot adamskatbrrand thiformity of dosage.

Dosage unitform as,uised hereln.refers fa physically 30 discrete;units siilted s unitary dosages for the

subject to be treated; each unit containing a predetermined quantity of active compound calculated to
produce the Hie8iréd therapelfid effédttin Bisééiatien withthe vBRGirspRarnsaceutieal carrier. The

specification;fof {he.desageuniyforpis aredictated hy. gad directly dependent on the 5 unique
characteristics of the active compound and the particular therapeutic effect to be achieved, and the
limitations InherentiR /& AAVT coRToUPBING SFeh -8R Bt BeMPoERG Tor thetiatmentof

individu@ls. angiogenin or an agonist thereof are to be administered in

therapeutically effective amounts. As used herein, an
"effective amount" of angiogenin is a dosage which is
sufficient to reduce the activity of myostatin to achieve a
desired biological outcome. The desired biological outcome

15 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 measured by a variety
of methods including those that measure lean and fat body

20 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.

Generally, a therapeutically effective amount may vary

25 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 a physician and adjusted, as necessary,
to suit observed effects of the treatment. Appropriate
dosages for administering angiogenin or its agonists may

30 range from 5mg to 100mg, from 15mg to 85mg, from 30mg to

70mg, or from 4mg to 60mg. The compositions can be

15



Pharmaceutical or veterinary compositions comprising 10 anglogenin or an agonlst thereof are to be
administered in therapeutically effective amounts. As used herein, an "effective amount" of anglogenin
is a dosage which is sufficient to reduce the activity of myostatin to achieve a desired biological
outcome. The desired biological outcome 15 may be any therapeutic benefit including an Increase in
muscle mass, an Increase in muscle strength, Improved metabolism, decreased adiposity, or
Improved glachsenicmeastasisn Sock Impsaventents mayibe medsured bl aavarety eof methods
including tho(jga(?itrat mggggrewleeagland fgﬁ god% gg mna%sd%lch as duel ray scanning analysls), muscle
strength, serum |§/i'ds, serum Fept n,yéerum gl%cose, gﬁycate(\j/ hemoglobin, glucose tolerance, and
Improvement in the>seconeasy bemplieationsroflotalbete s.sGenerddipca thergpeuticaily effective amount

may vary 25yith the:su ?‘itésg%%‘?unc%‘gi“f{‘s angd sexas well as fhe seyventy,qf the medical condition

in the subject. The dosage may be determined by a physician and adjusted, as necessary, to suit
observed effeetsiefithésrezpment iAppropriate dosages for administering anglogenin or its agonlsts

may 30 range frommg 19 190ma fiom.15mg.1085mg, from 30meg to; 70mg.ar fram.4mg g 60mg.

The compositions can be administered in one dose, or at Intervals such as once daily, once weekly,
and once mémthRy, toDBIHGE sEReddles ean Peladjdsted bepehdingfomielRafiferof Emglogenin or

its agon1st, or the;seventy: of thegpatients copeh-LA6)n. +nhCaperally dbgcompasitions are
administered as a bolus dose, to maximize the circulating levels of anglogenin for the greatest length

of time afterthé @8 CHAtIubLZANRRIcHSAAY HfsEbe t3Bd el the'BsIEis dose. 101t is also
contemplated that the methodsitilise adupiracedticalicompasitiontoprgviderthe anglegenln. A

nutraceutical composition for use in the methods is provided. . .
nutraceutical composition to provide the angiogenin. A
nutraceutical composition for use in the methods is
provided.

The term “nutraceutical” as used herein refers to an

15 edible product isolated or purified from food, in this case
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

20 in the form of a dietary preparation or supplement, either
alone or admixed with edible foods or drinks.

A functional food is a foodstuff to which a composition
has been added to give that food a physiological benefit or
to provide protection or attenuation of an acute or chronic

25 disease or injury when orally administered.

The nutraceutical composition or functional food 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 form as a food; for example in

30 the form of a ready-to-eat bar or breakfast cereal. Various
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The term "nutraceutical” as used herein refers to an 15 edible product Isolated or purified from food, in
this case from a milk product, winch 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 20 in the form of a dietary preparation or supplement, either
alone or admixed with edible foods or drinks. A functional food is a foodstuff to winch a
compositionfhasveeersaddeidtoegive shatfoed aqzhysilogicalzenedit A tol providesprotection or

attenuation %fean ac%teen r chronic 25 disease or Injury when orally administered. The nutraceutical

composition or fanctional food may be in the form of a soluble powder, a liquid or a ready-todrink
formulation. Alternatively) the agtritiohabdompeditarnay bein scliceioralassa food; darvexample in 30

the form of }Ee ly-to-eat b@glg&pr%askfg%tcc %%I}RYQHQ% lf?voggss gigredsh Sweeteners, and other

additives may also be present. The nutraceuthcal preferably has acceptable sensory properties
(such a8 aceeptatielsimeall; Yaste and Snpalatabill e andanay further comprise vitadding and/or minerals

selected fropy.atJeast one of vitaging A, BL, B2, B3, B5, 86 B11,B12,fintin,C. By E, Hand K and

calcium, magnesium, potassium, =Ic and iron. The nutraceuthcal composition may be produced as is
10 conventidhad; 0P ex&fples the cBimposhibfthay be prépared By BleAdiigabgethet tHé protein and

other additives i disedyan gggggggqlmgy belaclided in the blend. Additional vitamins and minerals
may be added at this point but are usuaIIY added later to avoid thermal degradation.
The nutraceutica

composition may be produced as is

10 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.

Additional vitamins and minerals may be added at this point
but are usually added later to avoid thermal degradation.

15 If it is desired to produce a powdered nutraceutical
composition, the protein may be admixed with additional
components in powdered form. The powder should have a
moisture content of less than about 5% by weight. Water,
preferably water which has been subjected to reverse

20 osmosis, may then be mixed in to form a ligquid mixture.

If the nutraceutical composition is to be provided in a
ready to consume liquid form, it may be heated in order to
reduce the bacterial locad. If it is desired to produce a
liquid nutraceutical composition, the liquid mixture is

25 preferably aseptically filled into suitable containers.
Aseptic filling of the containers may be carried out using
techniques commonly available in the art. Suitable
apparatus for carrying out aseptic filling of this nature is
commercially available.

30 Preferably the nutraceutical composition also comprises

one or more pharmaceutically acceptable carriers, diluents
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15If it is desired to produce a powdered nutraceuthcal composition, the protein may be admixed with
additional components in powdered form. The powder should have a moisture content of less than
about 5% by weight. Water, preferably water winch has been subjected to reverse 20 osmosis, may
then be mixed in to form a liquid mixture. If the nutraceuthcal composition is to be provided in a
ready to consume liquid form, it may be heated in order to reduce the bacterial load. If it is desired to
produce a liguid ewitraceathcal. compasitien,tthe diguicbmixtsretis @5spreferablyraseptieally filled into
suitable confainers, Aseplic,fillng of the caniainets. may be Garried oyt ysing.teehpigues commonly
available in the art. Sultable apparatus%or carrying out aseptic ﬁlﬁn&o?ﬁﬁs nature is commercially
available. 30Rréferablyribe Nutratelithcaleornposition afse comprises arielorsre pharmaesutically

acceptable carriers. dilents of exgrplents, Nutraceuttcal _8%&?“%%@%E?@%iSSPUffers such as

neutral buffered saline, phosphate buffered saline and'the like; carb tes such as glucose,
mannose, s@erbse or desivans ThamsEwl protedrs; polypepiEdes-6r 5 ahfine ands sackasgylycine;

antioxidantssﬁr&ﬂa@%mr}ts g&ﬁn@érﬁc@Téh@djﬂ@g@%@g&ryatives. The nutraceutEcal

may be an Enfant formula, particularly a humanised milk formula for administration to Enfants. Such
an Enfant formula mag findUtiBLRCIcCReatimgyfailare o thiivé bf pfernatureé or low birth weight babies.

It may also be administerad, to,Enfants,esehildren fo ippraye-cognitivefunction. TheianglegenEn used
in the method of the first aspect
infants. Such an infant formula may find utility in

10 treating failure to thrive or premature or low birth weight
babies. It may also be administered to infants or children
to improve cognitive function.

The angiogenin used in the method of the first aspect
may be from any source. It may be natural, synthetic or

15 recombinant in origin. Recombinant angiogenin can be based
on the angiogenin sequence from any species, including
humans, cows, sheep, mouse, etc. Recombinant human
angiogenin is available from R & D Systems.

Angiogenin is known to be present in normal human

20 plasma, bovine plasma, bovine milk, bovine plasma and mouse,
rabbit and pig sera. The DNA and protein sequences of at
least human angiogenin are available and recombinant human
angiogenin 1is available commercially from Abnova Corporation
(Taiwan) for small scale applications.

25 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,
e.g. ruminants such as cows, sheep, buffalos, goats, and
30 deer, non-ruminants including primates such as a human, and

monogastrics such as pigs. In a preferred embodiment the
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may be from any source. It may be natural, synthetic or 15 recombinant in origin. Recombinant
anglogenEn can be based on the anglogenEn sequence from any species, including humans, cows,
sheep, mouse, etc. Recombinant human anglogenEn is available from R & D Systems. AnglogenEn is
known to be present in normal human 20 plasma, bovine plasma, bovine milk, bovine plasma and
mouse, rabbit and pig sera. The DNA and protein sequences of at least human anglogenEn are
available andrrg¢ormbmant hamantargtagehBir isravadiable commercialheframiAbrioviarCarporation
(Taiwan) for snrqf%lhscarlle a g%altir(l)n%. 25IPO%1e ergbggim%net tge 9”9}9%5&@35 grrlei%aar?d from plasma
or milk from fivestack animals as reaail)?avalﬁa%?e sourtes of angl%gen n on a commercial scale. The
milk may bedsbtaiaed drone any ¢actetirg asiendluewgn ruminantsisuchras cows nshreep; buffalos, goats,
and 30 deer, nep-ruminants including primates such as a human, and monogastrEcs such as pigs. In
a preferred embodiment the anglogenin is extracted from cow's milk. The animal from winch
anglogenin is proddde maydieta ransgenlt animalsdesigratbtoleveriexpréss/rumanw? bovine

anglogenin ip{ts.mifk, SThe; lnventors of the presentapplication baye SPHWQHQ%‘{@%@}E milk,
anglogenin is present in the highest or most concentrated amount (up to 12mg/litre) within the first 1 to
14 days of l&atiors Follenirgtins! theeshtentrationfalls ®yd basadevel bf approximately  to 2

mg/litre. 10 Thergfarg itisprefepred ibat eqws mitiowinghs oRfainedwithip the. first 14-days of Jactation
as a source of anglogenin for use in the methods of the first to eleventh aspects. Gig/en the residual

anglogenin [68e155n EBw RAR frohtiater 1aétatiBR IR HidiASHI e bsé® a%otifce for fise

10 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
from later lactation, it may still be used a source for the

15 method of the first aspect.

The angiogenin used in the method of the first aspect
may be isolated or purified. Purified or isolated
angiogenin is substantially free of at least one agent or
compound with which it is naturally associated. For

20 instance, an isolated protein is substantially free of at
least some cellular material or contaminating protein from
the cell or tissue source from which it is derived. The
phrase "substantially free of cellular material" refers to
preparations where the angiogenin is at least 50 to 59%

25 (w/w) pure, at least 60 to 69% (w/w) pure, at least 70 to
79% (w/w) pure, at least 80-89% (w/w) pure, at least 90- 95%
pure, or at least 96%, 97%, 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

30 form of protein aggregates.
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15 method of the first aspect. The anglogenin used in the method of the first aspect may be
Isolated or purified. Purified or Isolated anglogenln is substantially free of at least one agent or
compound with winch it is naturally associated. For 20 Instance, an Isolated protein is substantially
free of at least some cellular material or contaminating protein from the cell or tissue source from
winch it is derived. The phrase "substantially free of cellular material” refers to preparations where the
anglogenin is at least 59d0 5996125 [W/wi)pure natteast16 P oL Wilvd putes it leaesh 70110 79% (w/w)
pure at eas} 80;89% (ww) pure, ah least 90- 95%pure. Ot gtleast 9636, §1%. 983, 996 or 100%
(w/w) pure. ecombinant anglogenin prepara¥ions il bacteria r%ay Be lised as a source of
anglogenin and: rrayshe: providettiadhe 0 foem tof prdtein aygregatesoweveAs bovineadilicss a natural

product that as been ipdoag chajpfor E"t’,“l‘%rr?d§o°fk¥§aéde%_?_Q%@Qgﬁi' pseqd asanytraceyyial need

not be totally pure. However, to reduce the amount of composition to be administered it is preferred 5
that theSanglogehil id:corceniased: significanty adthtrespect t6 itswobhcentrationh mirhiik. Preferably the

anglogenil s, adpinistered in.at a.conceniralion of at leat 19 tlesiis.ancentratindn milk and more

preferably 20, 30, 40, or 50 tiles its concentration in milk. 10When provided as a food the anglogenil
can take thefoerh T fobd StpplEhiénits asithdtioral formulaiorcemnant famfofhurt least

10 times its concentration in milk and more preferably 20,
30, 40, or 50 times its concentration in milk.

10 When provided as a food the angiogenin can take the
form of a food supplement, a nutritional formulation or an
infant formula.

Persons skilled in the art will appreciate that
variants of bovine angiogenin exist in nature and can be

15 manufactured.

Persons skilled in the art will appreciate that the
angiogenin used may be modified to improve storage
stability, biocactivity, circulating half life, or for any
other purpose using methods available in the art. For

20 example it may be desirable to introduce modification to
improve storage stability. However, as angiogenin 1is
particularly resistant to degradation such modification may
not be essential.

The first aspect refers to agonists of angiogenin. An

25 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
the angiogenin receptor and preferably bind the receptor.
Persons skilled in the art will appreciate how to design

30 agonists of angiogenin. Suitable agonists include

angiogenin agonist antibodies and mimetic compounds.
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Persons skilled in the art will appreciate that  variants of bovine anglogenil exist in nature and can
be 15 manufactured. Persons skilled in the art will appreciate that the anglogenil used may be
modified to Improve storage stability, bilactivity, circulating half life, or for any other purpose using
methods available in the art. For 20 example it may be desirable to Introduce modification to Improve
storage stability. However, as anglogenil is particularly resistant to degradation such modification may
not be essential. TRexfiisb @spect,refers taagoniits ©f anglogenil aAn 25magorileisues eompound that is

capable of directly or indirectly having an effect through the receptor.activated by anglogenil.
Prereranly an oo SRt Hootgh e AR aonT s A ST G781 eptor
Persons skiligteinthé lartwill appreciaterisow e design 3kagaoniits efdnglogetihsSultableagonilts

Include ang'Qgeﬂ%g%%jgﬂ‘ﬂb8ﬂi§§&{‘é’dm£§%@%%%m%%d%i1k_%@9'8%%%“%99%'591%”‘1
variants may be used in the manufacture of a medicament for administering orally in the method of the
first aspect, paricutsilyriashalformsotaraggegenimenriched extract from milk or plasma or in the 5

form of recombinarg anglogenln., , Pagiculatlythe osallyadrinisteredt anolggenin is prepared from

cow's milk or a fraction thereof, for example using the process described in example 1. Such fraction

has been foli¢ B3 prViderafiglegenia dbld to aét systernichihy n-WiledisubSeantiak dagretiation in

the gut. Such draction;is ablefohesprovided;erally withoutbemploying casriers er-ather grechanisms to
enhance the bloavallabllity of anglogenin. Anglogenin is anticipated to Interact with endogenous 15

folllstatin (if REDBiRARArlodar ilGsed) DrIHE RhficREd anglogefln St RidiAaisd contain
folllstatln. Administratios of anglogenin plusfoliistatlp(eithersimulfaneously, or sequentially in any

order) is shown herein to have a more than additive effect and accordingly each of 20 the methods of

treatment contermplate BAnfifisB A0 SROIRERINWitH AhgRigenfilitie prrfetahF FipoTtatt to
co-administeyqeihersipnitanenusly or seguentially) follistatn with anglogeplnin situations where an

individual is folllstatln deficient. As folllstatln levels
angiogenin.
Angiogenin is anticipated to interact with endogenous
15 follistatin (if recombinant angiogenin is used) or the
enriched angiogenin extract may also contain follistatin.
Administration of angiogenin plus follistatin (either
simultaneously or sequentially in any order) is shown herein
to have a more than additive effect and accordingly each of
20 the methods of treatment contemplate administration of
follistatin with angiogenin. It is particularly important
to co-administer (either simultaneously or sequentially)
follistatin with angiogenin in situations where an
individual is follistatin deficient. As follistatin levels
25 decrease with age, co-administration of follistatin with
angiogenin 1s particularly contemplated when treating the
elderly.
In a co-administration regime, angiogenin may be
administered orally and follistatin administered orally or

30 otherwise.

21



25 decrease with age, co-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 30otherwise. There may be occasion when it is not desirable to
administer anglogenln. As the Inventors have found that anglogenin is orally available in milk, they
also provide milk having a reduce concentration of anglogenlin for use on 5such occasions. In one
embodiment the milknhawingayredeced condentratiomnofianglegenin hds #0£6,509%,:60%, 70%, 80%,
90% less anglpgenin than bavine whole or skim milk or is substantially anglogenin free. 10Methods for
making milk%og\%n%lrse%%geg %%gl]%%%rﬁf‘nn\ivill :%esa?égreh?%eg%rggﬁsﬁéémgd %(r)ﬁhned;r .Elégr example the
milk flow threngh froema cation exeRdngerveluimcdrean immidroafflind ty edlamnccormprising

anti-angloggpin anyinodies, will haye reduced anglagenin, compa 0k sapple15 gpplied to

%dgff tg
the column. Electodlalysls"would also be expected to provide mi%k ep?l ted for anglogenlin (and also
for lactdfernmsaind! lavtoerdoridase). A suitable method for making milk with a reduced anglogenin

content are provided.inthe examples,20- +4athe ggsq:{éqy'p[q?ofathgg&gkaggect and in the claims

winch follow, except where the context requires otherwise due to express language or necessary
implication, BRNWERIC coRIpSe® br ¥aAARSIRSUth ass " cirprised? or 88%onBrising%is us@dn an

inclusive sense; d.¢.19 spgeify the presenes of thestated features hul nektojereclude the presence or
addition of further features in various embodiments of the invention.
substantially angiogenin free.

10 Methods for making milk having reduced angiogenin will
be apparent to persons skilled in the art. For example the
milk flow through from a cation exchange column or an
immunoaffinity column comprising anti-angiogenin antibodies
will have reduced angiogenin compared to the milk sample

15 applied to the column. Electodialysis would also be
expected to provide milk depleted for angiogenin (and also
for lactoferrin and lactoperoxidase). A suitable method for
making milk with a reduced angiogenin content are provided

in the examples.

20
In the description of the first aspect and in the
claims which follow, except where the context requires
otherwise due to express language or necessary implication,
the word "comprise" or variations such as "comprises" or
25 "comprising" is used in an inclusive sense, i.e. to specify

the presence of the stated features but not to preclude the
presence or addition of further features in various
embodiments of the invention.
As used herein, the singular forms "a", "an", and "the"
30 include the corresponding plural reference unless the

context clearly dictates otherwise. Where a range of wvalues
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As used herein, the singular forms "a", "an", and "the" 30 Include the corresponding plural reference
unless the context clearly dictates otherwise. Where a range of values is expressed, it will be clearly
understood that this range encompasses the upper and lower fifilts of the range, and all values in
between these fifilts. Unless defined otherwise, all technical and scientific 5 terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Altheugixamy awaterials andi 11 Iis to beaoféarlyomaderstooddhahthis invéatiom isorot fifilted to
the particular rrlnatI(relrialgsaené:i @ﬁteholﬁjs 10rd%snc(£ib (()jwheel[eiﬂL as 1Egesoe m@{eva]%.nlt ies al%% t b?[
understood %a%?hé)fiermlnology us&d hérein is for the purpose of describing pa(%tléular em%o(lliments
only, and it isambtétended to-fifitthetdcope of thie present invention, which will be fifilted only by the

appended claims. _JcﬁanbesiQV%@tﬁ% 4l now be, described {n detgl by way 8&59“2%3{‘_&%1;0%[‘%3&&0 the

following non-fifil-fing examples and drawings. Example 1:Process for the preparation of an

angiogenin- 2orargicheddrdetion fromkakien Mk sampel0eandeep eslupmmwas packed with SP
Sepharose ifig Beads (GF Healthcarg)-suchythat the tofalbed yolume of the column was,39. ¢ litres. To

the column a flow of skimmed cow's milk was applied at a linear flow rate of 331 cm/h (34 25 litres of
skimmed milkpETitecsr resihqerhout)-for 2usBurs untilthesiohdrhe atRRimmed milk applied was 68

times the volume of the; resin,packed 010 the ¢RIUAs + o ofihe MYk remaining i the gelumn was
removed by adding 2.5 column volumes (CV) of water at a linear flow rate of 30147 cm/h (15 litres of

buﬁerperMR?éf%%Wﬂ&@quiﬁxthe particular materials and methods

10 described herein, as these may vary. It is also to be
understood that the terminology used herein is for the
purpose of describing particular embodiments only, and it is
not intended to limit the scope of the present invention,
which will be limited only by the appended claims.

15 The invention will now be described in detail by way
of reference only to the following non-limiting examples and

drawings.

Example 1: Process for the preparation of an angiogenin-
20 enriched fraction from skim milk
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
25 litres of skimmed milk per litre of resin per hour) for 2
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
30 147 cm/h (15 litres of buffer per litre of resin per hour),

or 0.25 CV/min, for 10 min.
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or 0.25 CV/min, for 10 mm. The anglogenin-depleted lactoperoxidase fraction was eluted from the
column with 2.5 CV of a buffer containing sodium lons equivalent to 2.0% (0.34M) NaCl, at pH 6.5, by
flowing the cation buffer solution at a linear flow rate of 575 cm/h (7.5 litres of cation buffer solution per
litre of resin per hour), or 0.125 CV/min, for 20 ‘fin. 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 anglogeains 1Qcdepleteddadteperbxldasedractioni(drcheding 3 litves eheation buffer

solution per litre .of resin overlapping the application ti f the next buffer, 1.e. breakthrough time).
The anglogeenﬁfﬁl-%%ﬁcﬁﬂé:é) ﬁagt%g%n \?V%Jél%ﬁlgn %ﬁu %}d rbrgnn%g tﬁ)egco u)fgnunyvgﬁﬁ 25 ¢V af a bdffer
containing sedidimiionscequivalenttalzs% wiv @.43 M)INaCl)ata#e 6.5, by flowing the bation buffer

solution at ‘%EH‘?%E%%W{%G of. (3 g/ %&%%é@ eéoof&f’i‘!ﬂ%% buffer sqlytion peglitre of Lesin per hour), or
0.125 CV/min, for 20 'fin. The?lrst 0.5 litres of 20 cation buffer solution per litre of resin was discarded
to drain®and the pexi2.$litfesloftcation buffer Solatioh Pef fitre ©F tesin Wastsolledtetras the

anglogenin-enriched fraction, (including 0.5 hzes-of cation huffer slution paritreqgfresingoveriapping
the application time of the next 25buffer). Finally, the lactoferm fraction (again anglogenin
depleted) is £iitEe front tHeedolamnowift 215 evlorta baffércontdinifgy sudidindéns Egdivalent to 8.75%

wiv (1.5 M) NaCd. atipl 6.5, by-flowing the cation buffep salution at a ligear 30 flow rate- oL 75 cm/h
(7.5 litres of cation buffer solution per litre of resin per hour), or 0.125 CV/min, for 20 'fin. The first 0.5

Mitres of catfshBiférsdhdton' pérmith ofR3iwia discatrdé&f ioedrait and the: REXCE S Mifres of
cationjhyufferssqlution.gen Mitre, gEresin was colected asthe 1actofesrEryfraction i tres of

cation buffer solution per litre of resin overlapping the
application time of the next buffer, i.e. breakthrough
time) .
The angiogenin-enriched fraction was then eluted from
15 the column with 2.5 CV of a buffer containing sodium ions
equivalent to 2.5% w/v (0.43 M) 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
20 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
fraction (including 0.5 litres of cation buffer solution per
litre of resin overlapping the application time of the next
25 buffer).

Finally, the lactoferrin fraction (again angiogenin
depleted) is eluted from the column with 2.5 CV of a buffer
containing sodium ions equivalent to 8.75% w/v (1.5 M) NaCl,
at pH 6.5, by flowing the cation buffer solution at a linear

30 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.
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5The anglogenEn-enriched fraction that was collected was ultrafiltrated (NMWCO 5 kDa) to
concentrate and reduce the salt content. The resultant concentrate was freeze-dried and stored at
room temperature for subsequent use. The anglogenEn-enriched fraction was analysed for 10
anglogenEn content by SDS-PAGE and the fraction was found to contain 57% (protein basis) of a low
molecular weight (14 kDa) protein winch was confirmed to be anglogenEn by MALDITOF/TOF MS
(results not Shewrf)i Persdnsoskiliedringhe arcwodldrapprédiate that 45 amglagenEnifram atlier sources
or purified b¥ é)gllenr rag%nsdg%ulg rbgeu eg(r:ioin O{hg lnglethgg o{ trée firest gllseej_%t. IQ% faggv% Iexample 5
merely to show how the actual source o angfogenE% usedhln the fo lowing experiments was made and
is in no way datended ta bEdimitieg. ZOMWhilstétrmay beccansidered thatdhe anglogehE&n erriched

fraction may,gontain Caggg'éqg@glogfg%v&eig%mponents winch are having an effect, the comparable

amount of anglogenEn as available in skim milk (concentration 2%) had comparable activity in the
examplés shown tdlthe 28 anglogenEnenrichés frattiere fdata notshowal Exahdisie e Detection of

bovine angiogenin in; hyman hloodyy, <o analyse the, ability.af hovine anglpgepkn da cress Into the

blood stream following ingestion, duplicate human 30 subjects consumed a dose of the anglogenEn
enriched milk¥rdetiopiestiibed reexatpletBiHat ARRCEIUIVAEIERt 6fthBF 28ARY, I5hRfoRTS0mMg of

anglogenln<The anglogenindosewas made-up in,100ml of commergially available flavoured milk
immediately prior to ingestion. Prior to ingestion, a time 0 blood sample was taken. Blood samples
The angiogenin-enriched fraction was analysed for

10 angiogenin content by SDS-PAGE and the fraction was found to
contain 57% (protein basis) of a low molecular weight (14
kDa) protein which was confirmed to be angiogenin by MALDI-
TOF/TOF MS (results not shown).

Persons skilled in the art would appreciate that

15 angiogenin from other sources or purified by other means
could be used in the method of the first aspect. The above
example is merely to show how the actual source of
angiogenin used in the following experiments was made and is
in no way intended to be limiting.

20 Whilst it may be considered that the angiogenin
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

25 angiogenin enriched fraction (data not shown).

Example 2: Detection of bovine angiogenin in human blood
To analyse the ability of bovine angiogenin to cross
into the blood stream following ingestion, duplicate human
30 subjects consumed a dose of the angiogenin enriched milk

fraction described in example 1 that was equivalent of
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5 were then taken at 2 and 3 hours after ingestion. The presence of anglogenin is confirmed by
SDS-PAGE performed according to the method of Laemm11, 1970 (Nature 227(5259): 680-685), and
staining with SYPRO Ruby according to manufacturer's instructions. For example, an aliquot of 10 the
protein faction is denatured in SDS PAGE buffer (usually containing 2% sodium dodecyl sulphate,
10% glycerol, 50mM Iris HCL (pH 6.8), 2mM EDTA, 140mM 0-mercaptoethanol and 0.01%

bromophend Hitle) hyheating7datn8b O for Sotinutes. RengturschsampleSrare doadethentorSDS PAGE
gels (can bed15 sourced from a rovideﬁ;JBr ?[x%rgplg IIgviétl[oqe klovex ca}osilens HC1 gels). The gel

11 a Vv

r
is placed Into the SDS PA apBaratus and running Utter rlsqbage . @g/ﬁ, glyclne 14.4g/L and
SDS 1.0g/L)fis ptacedsia the bottonmarnd topewellpofithe dpparatwss Elestroph8resististconducted at 20

200v for 1 ot Jgllowing electipherasis, protel e flxed within he gghusing fxjag/destaln
solution (10% eﬁ1ano| and 7% acetic acid) prior to staining for at least 1 hr with Sypro Ruby
(InV1trégen)y Gels e desraltad foF at least 1l hriw fixBng/déstalnisalatidri prier to imaging on 25 a gel

scanning system. Alundance of anglogenln.is determined by analysis. gf the distingt bapd at

approximately 15kDa. The presence of anglogenin can also be confirmed by Immunoaffinity
detection folR#WiRG SBS! PAGR by estém 30:8ldte tnd gditi-asahtidbovire’ &ndldgéniaantibody.

Biological samples £99tainipg hoying anglagenip would be,dissplvab X NERAGELLS sample buffer
(Invltrogen) with or without reducing agent (2-mercaptoethanol). The samples are then heated at 95C
for 5-10 minffes|iBt 16 SDS PAGE electiophbiedis as Hesciiedabéve. Follewi's elétirophoresis,

the gel is themplaged ir {Fowlz buffer (2% MM Hris; 192M glycing, 1aEDE).fordO minstes. ihe
Western transfer procedure would use a commercially available transfer device such as the iBlotTM

(Invitrogen) S RaRSBAWOEICEE bERoFREF a¥dordinP i the mafifagtyggr oL, ©0mi
Tris HCL (pH 6.8), 2mM EDTA, 140mM B-mercaptoethanol and
0.01% bromophenol blue) by heating at 95°C for 5 minutes.
Denatured samples are loaded onto SDS PAGE gels (can be

15 sourced from a provider; for example Invitrogen Novex
precast Tris HC1 gels). The gel is placed into the SDS PAGE
apparatus and running buffer (Tris base 3.03g/L, glycine
14.4g/L and SDS 1.0g/L) is placed in the bottom and top
wells of the apparatus. Electrophoresis is conducted at

20 200V for 1 hour. Following electrophoresis, proteins are
fixed within the gel using fixing/destain solution (10%
methanol and 7% acetic acid) prior to staining for at least
1 hr with Sypro Ruby (InVitrogen). Gels are destained for
at least 1 hr in fixing/destain solution prior to imaging on

25 a gel scanning system. Abundance of angiogenin is
determined by analysis of the distinct band at approximately
15kDa.

The presence of angiogenin can also be confirmed by
immunoaffinity detection following SDS PAGE by western

30 Dblotting with an anti-bovine angiogenin antibody.

Biological samples containing bovine angiogenin would be
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10 instructions. The iBlotTM Anode Stack (Bottom) is removed from its packaging and placed on the
bottom of the iBlotTM gel transfer device. The pre-run gel is then positioned on the nitrocellulose
membrane (iBlotTM membrane; Invitrogen). One sheet of iBlotTM Filter Paper which had been
soaked in 15 delonlzed water is then placed on top of the pre-run gel. The iBlotTM Cathode Stack
(Top) is then placed on top of the pre-soaked filter paper with the copper electrode side facing up. The
iBlotTM Dispoisaidel $pdnde wias ther ptacedion therinher bidéwfthe 1dd 1o engare) contat with the

iBlotTM 20 transfer stack. Voltage.is applied across the apparatus for 7 minut g at 25V, AL the end of
the transfer,qtﬁe %ﬁFoc%ﬂ%lors%%ggﬁ an%giesnp?aced %%85&8.(%8 es% u%i%%](‘)I'BS‘IEcoentesli%Ilnr% 5% skim milk
powder) for 4 hwuthEhe membrangts tiea transfesretointol thetprimanyiantibody sofutiemc T his 25
solution contap:ns a suitable dilution Ofﬁ% anti-bovine monoclonal i}ulrfh as clone number 1B14D4

(Property of 1€ DepaRiiEHt ot Bicthentistry, CiihgbtikNational Univer8®y, Cheongju, Chungbuk,
Korea) br palyclonal @stibody: ins TBSIe(1681M 1ris HEGR pbll 2.5¢ 450mM dlaCiln 005%chweert20) 30

containing 5%/1%B§A. The ngo&ell%ose. memblr%n%]gss ncgg%tepoin the E{iénsary ibo eg.(glution

overnight at Wﬁﬁsg’enﬁe shakf?igyclzﬁrelenitrocellu ose membrané is then washed 4 times for 5

minutes eachmatredmrtemperatdre i WBSTdvitts gentleshakimg.iBld pitrocelulesé enembrane is then

placed in the secaondary antibody solution winch contains,a labelled 5 antibpdy for detecting the
Drimary antGScs T T Case S et Baae gl oenin hEeion 3 Bhalboh LB AT, SATRDye
800CW GoarAntidMbesetgG sevenday(lcot) dijuted 1tinel 51800 ire TBSTegontaining 5% skim milk

powdernaye, bse, )9 s case, (he;nlgeellujosgmembrae i, 1Q lngybajed nfhe segondary
antibody solution in the dark for 45 minutes at room temperature. The nitrocellulose membrane is then
washed 4 timesforis mimates ach at 2oomnemperatare iNMEB ST Withngertletsirakifg inthe dark. The

nitrocellulosg membrane was then washed with TBS (10miLiis 15 HEL pH, 2.5, 150mi NAC1) and

dried between two sheets of filter paper (Whatman). The nitrocellulose membrane is then scanned at
the appropriaftewavéleaghlusing an InRakEFIRTager Bllcor O drssey R The dpecificratsiaitlance of _
anglogenin is determined by angdysis-ofthedistinet band.at 20approximately 15kPaqy 1 nAs shown in

figure 1 the level of anglogenin in the blood shows a clear Increase from the low to the high dose
across Both 23 Redr timePoints, ShEWingthacangBgémR iS bralavafapey 2591 -

The iBlot™ Cathode Stack (Top) is then placed on top of the
pre-soaked filter paper with the copper electrode side
facing up. The iBlot™ Disposable Sponge was then placed on
the inner side of the lid to ensure contact with the iBlot™

20 transfer stack. Voltage is applied across the apparatus for
7 minutes at 25V. At the end of the transfer, the
nitrocellulose membrane is placed in blocking solution (TBST
containing 5% skim milk powder) for 1 hour. The membrane 1is
then transferred into the primary antibody solution. This

25 solution contains a suitable dilution of an anti-bovine
monoclonal such as clone number 1B14D4 (Property of the
Department of Biochemistry, Chungbuk National University,
Cheongju, Chungbuk, Korea) or polyclonal antibody in TBST
(10mM Tris HC1l, pH 7.5, 150mM NaCl, 0.05% Tween20)

30 containing 5% BSA. The nitrocellulose membrane is incubated

in the primary antibody solution overnight at 4°C with
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Example 3:In vivo animal studies: To analyse the bloavallabllity of anglogenin in normal mile,
animal studies were undertaken. All work was approved by the University of Western Australia animal
ethics 30 committee. Mace were fed 2 diets during each trial; a control diet and a diet containing
bovine anglogenin (bAnglogenTn) enriched fraction made according to example 1 at 2.5pg/g mouse
weight. These studies were carried out on adult (8wks 5 of age) male normal (C57) and dystrophic
(mdx) mice with n=8 fehe&dmmouserstrain pepdiet forleach expenment. is Noraralwaade=were

subjected lo pne, oryh diefayy period with ad liitum agcass (o Jeed and volliniary exercige: for
voluntary exercise a metal mouse wheel is 10 placed inside the %age and the distance run by
individual mgee:islrecotdsdibyga bidiicte pedametel atthched tettierwheeli MDX enacelwerslsubjected

to the same ppepanth distaty p ”Q‘E-t'ﬂbsc?cﬁ’?r%tSl%PEQH‘%”ﬁ%éﬂd’&gﬂ%‘%ﬂ?ﬁe givendle yolyuntary

exercise treatment described above or were 15 given no voluntary exercise wheel. Experimental
Analysi§: Duringithe &xpéfiteitd body weightcamounpsffoagdtibody. In the case of

the anti-bovine angiogenin monoclonal antibody 1B14d4, an
IRDye 800CW Goat Anti-Mouse IgG secondary (Licor) diluted 1
in 15,000 in TBST containing 5% skim milk powder may be
used. In this case, the nitrocellulose membrane is

10 incubated in the secondary antibody solution in the dark for
45 minutes at room temperature. The nitrocellulose membrane
is then washed 4 times for 5 minutes each at room
temperature in TBST with gentle shaking in the dark. The
nitrocellulose membrane was then washed with TBS (10mM Tris

15 HC1l, pH 7.5, 150mM NaCl) and dried between two sheets of
filter paper (Whatman). The nitrocellulose membrane is then
scanned at the appropriate wavelength using an infrared
imager (Licor Odyssey). The specific abundance of
angiogenin is determined by analysis of the distinct band at

20 approximately 15kDa.

As shown in Figure 1 the level of angiogenin in the
blood shows a clear increase from the low to the high dose
across both 2 and 3 hour time points, showing that
angiogenin is orally available.

25
Example 3: In vivo animal studies:

To analyse the bioavailability of angiogenin in normal
mice, animal studies were undertaken. All work was approved
by the University of Western Australia animal ethics

30 committee.
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eaten and muscle strength (grip strength test) were all 20 measured twice weekly. At the conclusion of
each experiment the mace were sacrificed by halothane anaesthesia and cervical dislocation.
Experimental mice will then be used for the following analysis to determine any changes in phenotype
as a result 25 of treatments on dystrophic and normal muscle. 1) Body Composition analysis: Half of
each skinned mouse carcase was analysed for body composition. In addition individual leg muscles
including the quadriteps (gaad), fiotalls anterior (TAY and gastriocherndus; maiscles weré 3fidissected

and weighed as V\ée” S @ecabdgrqirrllalnfat %ads ggda%earé were rrlecgélc_{ed to, dgtnerrrmne gross
phenotypic cahanges nduce f)ly fhe diets. ?Wstologmgaji aﬂa@&s: eletal Muscle and heart samples
were collected ahdiprdpdreador bothmfrolze mand 5giargffinchisteliogy L Bistolagical analysis will be

performed Oﬂott]%éo'lPé"fJ@%@“%%ss8“99}15'%&‘%%@8“@99}i"é%?@%‘é’xéﬂ%”i Fosip, gydan Black

and various zmmunohlstologlcal stains will be performed on these muscles. Skeletal myofzbre
necrosi§, myofzis@ehypertispmpr0iand fatbdontemcofdrgscios wilbbe déterniviet: wiResuit§ from the

in vivo expermients,innormal mice ate shown infigyres 2-and 3, Itis gleps that the diet supplemented
with angzogenzn enriched fraction at 2.5pg/g Induces muscle gain (figure 2) of up to 50% compared to
the 15 control groupCKerdaselindmisdle nfaselwas adcfinfodaled pynth dietary

period with ad libitum access to feed 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

20 measured twice weekly. At the conclusion of each experiment
the mice were sacrificed by halothane anaesthesia and
cervical dislocation.

Experimental mice will then be used for the following
analysis to determine any changes in phenotype as a result

25 of treatments on dystrophic and normal muscle.

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

30 dissected and weighed as well as the abdominal fat pads and
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Increased cross sectional area of most muscle fibre types except for the population of small dark fibres
corresponding to slow-twitch oxidative fibres (figure 3). This demonstrates bloavallabzlzty of
angzogenzn when taken 20 orally, showing that angzogenzn crosses the gut and is active at the tissue
level. When fed to mdx mice, angzogenzn reduced the proportion of the muscle that was necrotic
when mice were allowed access to voluntary exercise (figure 4). This demonstrates that angzogenzn
is 25 bloavaliaisie foltewing mrgestidoadn tadxdmiceravich&s capadte phishibiting thecéffects of exercise on
muscle breaﬁd}g\{lvcr:l i'& rrkmfdx %cee.gpistrsneans that the orally administered angzogenzn is capable of
having its therapeu%c effect esplteebelr']g administered orally. 30 Example 4:Reduction of Angiogenin
in skimmed milk 2 &Glstrelwidi aalepimal yedmm afdalwiarherof SOLavas fillétewitlh SP Big Bead

cation excha}gg%r ' ealthcare). Th I epared, by, rinsi ' L 5(6 column
volumes) 1.0M og%?n C %o%d%&g%gggéh%a%%%%i%%eE%G%?ur]é)ﬁysﬁoll?r%%s%%vtf\?aiaeﬁr?%t 1,800L/h (milk

and all Solutiomsadidrempkt 581) 1 Skim niilksiias applicdltoathe esinsatairate b 1300 uetl 2,100L
(70 column yQlumes) were g@gﬁ@d.ﬁg‘g@l@ of §5% [nilﬁwgrgacqygg@ququiately 10 before and

immediately after the column. The milk collected immediately after the column is anglogenEn-reduced

milk. The skifa Fik @y anglogeRERYEdtce PR Ivete Iz enTin staarless Steel trays, freeze-dried
(temperature 206, Jime.48 Bovacuum,Jk mBar),and then sealed inaR aifxtightdaSfoil pouch until

analysis could occur. logenEn was pre-concentrated by low pressure cation exchange

An
chromatogré%h%%ﬁthe%%iﬁ%%d% Cexthangeéls, myofibre hypertrophy

10 and fat content of muscles will be determined.

Results from the in vivo experiments in normal mice are
shown in Figures 2 and 3. It is clear that the diet
supplemented with angiogenin enriched fraction at 2.5ug/g
induces muscle gain (Figure 2) of up to 50% compared to the

15 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 3). This
demonstrates bioavailability of angiogenin when taken

20 orally, showing that angiogenin crosses the gut and is
active at the tissue level. When fed to mdx mice,
angiogenin reduced the proportion of the muscle that was
necrotic when mice were allowed access to voluntary exercise
(Figure 4). This demonstrates that angiogenin is

25 Dbiocavailable following ingestion in mdx mice and is capable
of inhibiting the effects of exercise on muscle breakdown in
mdx mice. This means that the orally administered
angiogenin 1is capable of having its therapeutic effect
despite being administered orally.
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HPLC. Milk powder (20g) was dissolved in 400mL water by stirring with a magnetic stirring bar for 30
mm. 20 Hydrochloric acid (2 M) was added until the milk solution reached pH 4.6. Precipitated casein
was removed by sequential filtration through a Whatman #113 and then Whatman #1 filter papers and
the clarified whey was collected. The whey was adjusted to pH 6.20.1 by the 25 addition of 30%
sodium hydroxide. SP Big Bead cation exchange resin (35 g wet weight) was added to the whey
and stirred f@éxampIaedvhey anReshic eoa polirdthipiegethdposib|esk@mhesblmmbkn many batches

until all of the resin.accumulated in the column. Th n 30 was rinsed with disti water and then
. ol £ con g ed
eluted with 4M sodﬁmcf % f(ln%ews%)?utm%.%r%%]%fugte froé)m tﬁe %S%man yv%surrp}%nﬁore% at Z%aosnm to

ensure that 4l theeproteinlwascaifegteétt Jheormiime of eliiste wollectedwass45g. The eluate (200pL)

was diluted 10.1900pL.Hy. g@diﬁﬂedi%lﬂ'ﬁgﬂ%aﬁ%Q‘%Cﬁéﬁﬁﬁ}’e@ gllow proper anglysis of dhe salt-rich 5
solution by HPLC) and 100pL was analysed by cation exchange HPLC. The area of anglogenin
presentin skifm milk weis 8,26 1meAUXS abd tise ateanofanglogesinai ahgbyehifretudedmitk was

893 mAUXs. wigeh [gpresenis:an B9 i reguction inthe aauntof anglagenipipiesent. 10 Claims:

1. Use of anglogenin in the manufacture of a medicament for promo-L.11-1g development of a
hemovasculaPhetwotkR S peatieulafly folfoling he&rtratfaek <prénfo-RPAL 1§ WoundHealing Spidviding a

neuroprotecfive gffect; tregting ngyrpdegengrativedisepses, tygating AkS, eating MoteLneuron
disease, 11-1h1b1tling replication of RNA viruses in primary activated T cells and chronically Infected
cells, 10 tre@RRYRRA-inREBADY RétréVITdae, ICydi6vfriagelected immediately

10 before and immediately after the column. The milk collected
immediately after the column is angiogenin-reduced milk. The
skim milk and angiogenin-reduced milk were frozen in
stainless steel trays, freeze-dried (temperature, 50°C;
time, 48 h; vacuum, 1 mBar) and then sealed in an air-tight

15 foil pouch until analysis could occur.

Angiogenin was pre-concentrated by low pressure cation
exchange chromatography and then measured by cation exchange
HPLC. Milk powder (20g) was dissolved in 400mL water by
stirring with a magnetic stirring bar for 30 min.

20 Hydrochloric acid (2 M) was added until the milk solution
reached pH 4.6. Precipitated casein was removed by
sequential filtration through a Whatman #113 and then
Whatman #1 filter papers and the clarified whey was
collected. The whey was adjusted to pH 6.2x0.1 by the

25 addition of 30% sodium hydroxide.

SP Big Bead cation exchange resin (35 g wet weight) was
added to the whey and stirred for 1 h. The whey and resin
were poured into a disposable 10mL column in many batches
until all of the resin accumulated in the column. The column

30 was rinsed with distilled water and then eluted with 4M

sodium chloride solution. The eluate from the column was
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Earnavlrldae, Reovlrldae, Coronavlrldae, Flavlvirldae, Togavlrldae, "Arterlvlrus”,
Astrovlrldae, Caliclvirldae, Plcornavlrldae, Potyvirldae, Orthomykovlrldae, Ellovlridae,
Paramykovlrldae, Rhabdovlrldae, Arenavlrldae, and 15 Bunyavlrldae, treating human
immunodeficiency virus, increasing bone density, treating disorders of bone homeostasis, treating
osteoporosis, especially in the elderly and/or postmenopausal women, treating glucocorticold- Induced
osteoporosigjdreatingaostespetfia, 20ntreatirgrosteeartheltl s, ltleating gstedporosisarelated fractures,
and treafing, |y one mass,gue o elirenic glucacaricold fherapy, wherein fag megjcament is for
administering oraﬁy and the anglogenIHﬁ IS provi &d in the absence of a carrlelg,I exc p?ent or
encapsulatien.meaas 2500tENdedao fadilitate delivery ©f nglogenidtdithe bibadstreaatiwithout

substantial degradation inthe gut, 2, The yise %E@QH Eh‘é{'ﬂggitge SPgiagenin, GeMRLISes

recombinant angiogenin. 30 from bovine milk. “4. The use of any one of claims 1 to 3 further
comprising 5 administering foMs@tn DR WishLtheaaedicament domprises follistathe8nThe use of

claim 4 in whigh the follistatin is administeredparenterally, 10 6, The yse of claig4 inswhich
angiogenin and follistatin are co-administeréd.
mAUxs and the area of angiogenin in angiogenin-reduced milk

was 893 mAUxs, which represents an 89.44 % reduction in the
amount of angiogenin present.

10
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7. The use according to claim 1 substantially as herein 15 described with reference to any one of the
accompanying Examples and/or drawings.

10

15

20

25

30

Claims:

1. Use of angiogenin in the manufacture of a medicament
for promoting development of a hemovascular network
particularly following heart attack, promoting wound
healing, providing a neuroprotective effect, treating
neurodegenerative diseases, treating ALS, treating motor
neuron disease, inhibiting replication of RNA viruses in
primary activated T cells and chronically infected cells,
treating RNA infection by Retroviridae, Cystoviridae,
Birnaviridae, Reoviridae, Coronaviridae, Flaviviridae,
Togaviridae, "Arterivirus", Astroviridae, Caliciviridae,
Picornaviridae, Potyviridae, Orthomyxoviridae, Filoviridae,
Paramyxoviridae, Rhabdoviridae, Arenaviridae, and
Bunyaviridae, treating human immunodeficiency wvirus,
increasing bone density, treating disorders of bone
homeostasis, treating osteoporosis, especially in the
elderly and/or postmenopausal women, treating
glucocorticoid- induced osteoporosis, treating osteopenia,
treating osteocarthritis, treating osteoporosis-related
fractures, and treating low bone mass due to chronic
glucocorticoid therapy, wherein the medicament is for
administering orally and the angiogenin is provided in the
absence of a carrier, excipient or encapsulation means
intended to facilitate delivery of angiogenin to the

bloodstream without substantial degradation in the gut.

2. The use of claim 1 in which the angiogenin comprises

recombinant angiogenin.
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3. The use of claim 1 in which the angiogenin is extracted

from bovine milk.

4. The use of any one of claims 1 to 3 further comprising
administering follistatin or in which the medicament

comprises follistatin.

5. The use of claim 4 in which the follistatin is

administered parenterally.

6. The use of claim 4 in which angiogenin and follistatin

are co-administered.
7. The use according to claim 1 substantially as herein

described with reference to any one of the accompanying

Examples and/or drawings.
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