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TREATMENT OF NEURODEGENERATIVE DISEASE WITH
ANGIOGENIN AND ITS MUTANTS

TECHNICAL FIELD

. \_‘,The mventlon relates toa method of treatmg or preventmer a dlsease or oond1t10n .
cha:taotensed by neuronal Hljlll')’ or death or axonal degeneratlon eSpeCIally
amyotmphle lateral sclerosis (ALS) The invention also relates to a method of
as_se‘ssmg -whether ani individual is afflicted Wlth ALS. The mventxon also

10 provides a number of ALS specific mutations.

BACKGROUND OF THE INVENTION

15 ALS 1s paradigmatic of neurodegeneration and 1s the commonest
neurodegenerative disorder of young and middle aged adults. The incidence of
ALS in Ireland is 2.6/100,000. 10% of patients with ALS have a family .llistorj '
with-an autosomal dominant pattern of inheritance and gain-—o‘feﬁmcﬁen
mutations in the SOD1 gene account for 20% of these. Although thepéthogenesis

20 18 unknown, there is evidence that géenetically determined 's_usceptibi‘1-it3f factors
may contribute to the development of both ALS and other non-

familial neurodegenerative diseases.

Mice with deletions of the hypoxia responsive element (HRE) of vascular

9.
N

-endothehal glowth factor (V EGF) have a 40% 1educt1on in neural expression and
adult-ons,et motoneul on degenerat;l,op, 1esemb1.mg an ALS phenoty pe. In addmon
to its angiogenic properties, VEGF has direct neurotrophic and néuroprotective
effects on motoneurons and other central neurons. ‘These observations suggest
that insufficient VEGF dependent neurctrophic support may be of importance in

30 the pathogenesis of ALS in this animal model.
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Genotype meta-analyms of over 1,900 individuals from Northem Europe has

1de11t1f1ed a 1e1at1ve risk of 1.8 for the development of ALS in SLIbJ ects

homozy':rous with respect to. two hapletypes in the VEGF pr omoter/leader
sequence The at-risk haplotypes reduee VEGF transcrlpuon and 1esu1t in

lowered serum VEGF levels, To date, no mutatlons, in the VEGF HRE -or-co.d-i.no

mrculatmg VE,,G,F 'Iev.els remains te, b_.e detenmned. |

The only evidence based treatment developed to date for ALS is riluzole, which
extends life expectancy by approximately 3 months. The survival effect of
riluzole wanes within 18 months of treatment.

BRIEF SUMMARY OF THE INVENTION

It is an object of the invention to overcome at least one of the above problems.

Accordingly, the invention relates to a method of treating or preventing a disease

or condition characterised by neuronal inj ury or.death, or axonal degéneration.
The method of the mventlon compuses a step of ‘uea‘tmOr an 1nd1v1dua1 with
angiogenin protein, or a neuroprotective fragment or variant thereof. Suitably, the
angiogenin, Or variant or fragment thereof;\ 1S adn1inistered in an amount effective
to treat ot prevent the disease or condition. When the invention relates to therapy,
as op'posed to prophylaxis, the individual is generally one in need of si;eh
treatment. Suitably, the disease or condition is a neurodegenerative disease,
typically ALS or motor neuron disease, or vailants thereof including pnmaly

lateral sclerosis and spmal muscular atrophy.

The invention also relates to angiogenin, or a neuroprotective fragment or variant

thereof, for use as a medicament. Suitably, the medicament is for tréating or
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preventing neurodegenerative disease; especially ALS or motor neuron disease,

or variants thereof including primary lateral sclerosis and spinal muscular

- ,at'rloph'y,

The invention also relates to the use of angiogenin, or a neuroprotective fragment
or variant thereof, or a nucleic acid molecule encoding angiogenin or a fragment

ot vatiant thereof, in the manufactute of a medicament for the treatment'or

prevention of a disease or condition characterised by neuronal injury or death, or

axonal degeneration. In particular, the invention relates to the use of anglogenin,

or a neuroprotective fragment or variant thereof, or a nucleic acid molecule

encoding angiogenin or a fragment or variant thereof in the manufacture of a

‘medicament for the treatment or prevention of ALS or motor neuron disease, or

variants thereof including primary lateral sclerosis and spinal muscular atrophy.

The Applicant has identified ‘a. number of variations in the angiogenin gene which
have been shown to be associated with ALS. These variations will be h[eréafter
referred to as mutations. Accordingly, the invention also relates to an isolated
nucleic acid molecule comprising a nucleic acid sequence selected from the
group comp‘risingi SEQUENCE ID NO’S 1 to 7. Each of the sequences is the
sequence of a mutated form of the gene. The sequences as pro'vided include a
stop-codon (taa), however, this inay be excluded. Further, the sequences include
coding for the signal peptide (Nucleotides 1 - 72), however sequences identical to
SEQ ID NO’S 1 to 7 but éxcludi,ng coding for the signal peptide (Nuole'otidcs ] -

7,2') also form part of the invention.

P”Qlypepﬁde sequences coiresponding to the mutant forms of the gen_e are also
provi;ded_;, Thus? 111 a \fui*th,e.,r as_peét% the invention relates to an 'i301étéd'
poly.p'eptide‘ comprising an am‘in’o acid sequence selected from the group
comprising: SEQ ID NO’S § to 14, The amino acid sequencés as \p,l‘O"/i.dCd in the
Sequence Listing include the signal peptide MVMGLGVLLLVFVLGLGLTP).

However, the invention also relates to an isolated polypeptide comprising an
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amino acid sequence identical to one of SEQ ID NO’S 1 to 7 but without the

signal peptide.

Specific details of the mutations in the angiogenin gene, and the resultant amino.

acid change in the mutant polypeptide, are provided in Table 1

- The mventlon alse relates to a method of assessmg whethe1 an 1nd1V1duaI 1s.
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afflicted with, or crenetmally predlsposed to develop, a dlsease or condltlon

-charactensed by neuronal 1n]ury or death Or axonal deceneratton the method

compmmg the step of assaymg a b101001eal sample from the mdmdual for the
presence of any of the mutattons mdlcated, 1n Tab‘le 1. The invention also relates
to a kit for assessing whether an individual is afflicted with, or genetically
pr’ed,i,sp()sed to develop, a disease or condition characterised by neuronal INjury or
death, or axonal degenerati‘gn, the method com.pr-.isi'ng means for assaying a
biological sample from the individual for the presence of any of the mutations
indicatedin Table 1. Typically, the means for assaying comptises an

oligonucleotide probe or primer of the invention.

The invention also relates to a method of assessing whether an individual 1s
afflicted with, or genetically predisposed to develop, a disease or eo‘ndition
characterised by netironal injury or death, or axonal degeneration, the method

comprising a step of comparing:

- determining a serum level of circulating angiogenin in a sample obtained
from the individual; and

- comparing the serum level of circulating angiogenin in the individual with
a preedeteimined range of control angiogenin levels, |

wherein a decreased serum level of angiogenin in the individual compared with

the pre-determined control range is an indication that the individual is either

afflicted with, or genetically predisposed to develop, a disease or condition

———
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characterised by neuronal injury or death, or axonal degeneration. Typically, the
pre-detemnned oontrol range. 1S obtamed from a cohort of 1nd1v1duals not

afﬂ1oted or genetloally predmpoqed to develop, a dlqease or oond1t1on

.oharaotensed by neuronal 1n1u.ry or death or axonal degeneratlon Ina preferred

embod1ment th1s d1agnost1o or prognostlo method is speolﬁoally directed to the

d1a’g,no$1s or proanoms or neur.odegenerat-we d1qease eqpeo1ally ALS or mot01

. neuron: dlsease or vatiants thel eof’ 1nolud1n prlmary lateral bClE’lOSIS and spmal

10

15

N
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30

muscular atrophy Wlnle this method of d1agnos1s/progn051s is defihed in terms

of measmement of serum 1evels of olrcula‘unOr ang1ogenm 1t w111 be apprecmted

that the method may also be embod1ed by measu1eme11t of anolo genin levels 1 1n

other biological fluids such as whole blood, lymph, oelebroqplnal fluid, urine,

saliva, semen etc.

Typioal'ly; the serum level of circulating angiogenin is determined using an
ELISA test. One such test is commercially availablé under the trade name
QUANTIKINE (R&D Systems, Minnneapolis, MN 55413, USA) under Catalog
No. DANOO.

The invention also relates to a kit for determining the serum level of circulating
angiogenin in an individual, for use in assessing Whether- an individual is afflicted
with neurodegenerative disease, or -genetioal-lyf predis'pos,ed to develop a
neurodegenerative disease. Typically, the neurodegenerative disease is ALS or
motor neuron disease, or variants thereof including primary lateral sclerosis and

spinal muscular atrophy.

DETAILED DESCRIPTION OF THE INVENTION

The nucleic acid sequenoe of human anglo gemn plotem is provided in the NCBI

database under Aooessmn Number M1 1567 The séquence coding for the mature
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protein extends from. nucleotide 1881 to 2249. The sequence of the mature

protein, without the signal peptide, 15 provided below:

QDNQRYTHFLTQHYDAI\PQ GRDDRY CESIMRRRGLTSPCI\DINTFIHGNI\ -
RSIKAICENI&NGNPHRENLRISI\SQFQVTTCI\LHGGSPWPPCQYRATAGF

RNVVVACENGLPVHLDQSIFRRP (SEQ ID NO 15)

The sequence of the full transcript, including the signal peptide, is 'pr‘ovided n
SEQ D NO 16, and the cDNA sequenoe of the human gene codlno for the full
transcript (matme protein plus signal peptlde) is provided in SEQ ID NO. 17.

Generally, the angiogenin used in the methods and products of the invention will
be human angwoenm N any of 1ts documented isoforms. However, angiogenin
obtained from, or based on, other mam111al1an angiogenin genes is included
within the scope of the invention. Preferably, the angiogenin 1s recombinant
angio genin, most preferably ifecombinan't human angio genin. Recombinant
human angiogenin is commercially available from R&D Syste,ms

Inc.(Minneapolis; USA) under Catalog Number 2635-AN-250.

A "fragment" of the angiogenin protein means a contiguous stretch of amino acid
residues 'of at least 5 amino acids, preferably at least 6 amino acids. Typically, the
“fragment” will comprise at least 1 0, preferably at least 20, more -preferably at
least 30, and ideally at least 40 contiguous amino acids. In this regard, it would
be a relatively straigh’_cfmward task to make fragments of the protein and assess
the neuroprotective activityf' of such fragmei1ts u_singi the in-vitro or in-vivo

models of motoneuron degeneration described below.

A *variant” of the angiogenin protein shall be taken to mean proteins having
amino acid sequences which are substaiitially identical to wild-type angiogenin
protein, typically human wild-type angiogénin. Thus, for example, the term

should be taken to include proteins or polypeptides that are altered in respect of
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one or more amino acid residues. Preferably such alterations involve the.

Insert: on, addxtzon deletion andfor substltutwn of 5 or fewer ammo ac:1ds more

preferably of 4 or fewer, even more pzeferably of 3 or fewe1 ' most prefez ably of 1
or .2 ammo acids only Insertion, addltton and substlmtmn Wlth natural and
modified amino acids is enmsaged The var 1ant may have conservauve ammo

acid changes, wheiein the amino acid being introduced is similar structurally,

. chemlcally, or ﬁmctmnally to that being substztuted Typxoally angio gemn

| plotems which have been altered by subsututlon or deletion of’ catal)ftlcally-»

1mp01*tant residues will be e\cluded ﬁom the term “variant”, Detalls of such
(.atalytlcally—xmpm'tant residues will be well kiown to those skilled in the field of
angmgemn protein modelling, Gerierally, the variant will have at least 70%
amino acid sequence homology, preferably at least 80% sequence homology,
IMOre prefet ably at least 90% sequence homiolo gy, and ideally at least 95%, 96%,
97%, 98% or 99% sequence.homology with wild-type angiogénin, typically
mature wild-type human angiogenin (excluding the signal peptide as recited
above). In this context, sequence homology comprises both sequence identity and
similarity, i.e. a polypeptide sequence that shares 70% amino acid homology with
wild-type humian angiogenin is one in which any 70% of aligned residues are
either identical to, or conservative substitutions of, the corresponding re S._idu"e\‘s in
wild-type human angiogenin. Specific variants included within the scope of the
invention are the mutant angiogenin proteins identified in European Patent
Publication Number 0 335 243, and ideally the mutant angiogenin proteins
disclosed in US Patent Serial Number 4,966,849,

‘The term “vari.a’nt” 15 also intended to in(?lud,e.che}nical} &e_lfivatii.fes of
angtiogenin, i.e. where one or_’ more residues of angiogenin is chemically
derivatized by reaction of a functional side group. Also iﬁcluded. within the term
variant are angiogenin molecules in which naturally occurring amino acid

residues are replaced with amino acid analogues.
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A ﬁagment or va.rlant of a11g100en1n W111 be con31dered to be 11eu10p10tect1ve

When use of the fraoment or Vanant in the 1n-V1t10 model of nem odegene1 atlon

- de,.s\cl?\l.bed. herein increases cell viability -oqmpar.ed; w.lth a-control. -

Protelns and polvpepudes (including va.rlants and fragments the1 eof). of and for

~use in the mventmn may be cenerated wholly or: paﬂ:lv by chemloal qynthes1s or

by exp1 essmn from nuelelc acid, T he proteins and: pep‘udes of and fcn use 1n the

present mventlon ean be 1ead11y p1epa1ed accordmg to well-—eetabhshed standard
11qu1d or; preferably solid- phase peptlde qynthesm methods known in the art (see
for example J. M. Stewart andJ D. Young, Sohd Phase Pept1de qynthesm, 2nd
edition, Pierce Chemmal Company, Rockford, Illinois g1984), in M. Bedalgzsky
and A. :B'Q‘d_a‘r_l,z‘sl«;y, The Practice of Peptide Synfghesis, Spring'.er, Verlag, 'New
York (1984).

The therapeutic method, and therapeutic products, of the invention are direeted

-against diseases or conditions characterised by neuronal injury or death, or axonal

degeneration. In one embodiment of the invention, the disease or condition

~ characterised by neuronal injury or death, or axonal degeneration, is a

neurodegenerative disease, Typically, the neurodegenerative disease is selected

B R . , g R , ’ \." N T - "
from the group comprising: motor neurone disease; prion disease; Huntington's

disease; Patkinson’s disease; Parkinson’s plus; Tauopathies; Chromosome 17

1dementias; Al,z-he-imer”’s disease; Mul_tiple sclerosis (MS); hereditary

neumpathles, and diseases involving cerebellar degeneration, Ina partlcularly
preferl ed embodiment of the invention, the neu1 odegeneratwe disease is.
amvotrophlc 1ateral sclerosis (ALS) O motor neurone dlsease or varlants thereof
mcludmg primary lateral sclerosis and spmal muscular atlophy The method of
the invention is especially suited for treating or ‘-p1°event11}g ALS. The term,
“disease or condition characterised by neuronal injury or death, or axonal
degeneration” should ideally be taken to exclude Central Nervous Systern (CNS)

injury such as that caused by ischemia or trauma (i.e. stroke), and neurological
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complications associated with diabetes in a diabetic individual (i.e. diabetic

neuropathy and diabetic retinopathy).

In a further. embodiment; the disease or condition characterised by neuronal death -

is selected from the group comprising: multiple sclerosis (MS); epilepsy;

schizophrenia; and diseases or conditions associated with inbern errors of

© metabolism.

10

13

23

In this Spec:lﬁcatlon the term “amount effectlve qhould be taken to mean an
amount wh1ch 1esultq in‘a clinically si gmﬁuant reductlon or preventlon of

neuronal inj ury or death, or axonal degenerat‘lon., Smtably, the ang-logemn or

~'variant or fragment thereof, is administered at a dose of between 1 microgram

and 10 mlllgrams per ml preferably between 10 micrograms and 5 mlllorams per
ml, more -plfefderably between 100 I_nlcrograms and 2 miligrams per mil.
Typically, it is given as a bolus dose. However, when continuous infusion is used,
such as by i,ntrathe_t:‘al pump, the protein, or fragment or variant thereof, may be
administed at a dosage rate of betweén 5 and 20 pg/kg/minute, preferably
between 7 and 15 pg/kg/minute. I;i the context of ﬂle therapeutic aspects of'the
present invention, the term “individual in need thereof” shall be taken to mean an
individual W,ho is'_ afflicted with _é;--d-i_sease or condition which involves ~1le'u1jonal

degeneration or death, or axonal degeneration. Neurodegenerative diseases, such

~as ALS or motor neuron disease (also known as Lou Gehrigs’s disease), and

variants thereof as described herein, are examples of such diseases.

In one embodiment 0f the 1nvent10n an 111d1V1dual in treated with angmgen_ n by
direct -,dd;v.ery of the protein by a means jsel@cted from the g-roup:nmtravenous
delivery; oral delivery; intramuscular d‘el"ivery;. intrathecal delivery; and inhaléd
deliveivy; Methods for achieving- these means of déliﬁkew will be well known to

those skilled in the art of drug delivery. Specific examples are provided below:
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Delivered intrathecially by mini-osmotoc pump. (ref: Ignacio et al., Ann..

.N Y. Acad Scn ”005 1053 171 136)

Intramusculm- Ang dehvery dlrectly 1nto muscle(s) by syllncre or mini

-osmotlc pump (Azzouz et al Nat Med 2005;11(4):429-33).

Int1 aperitoneal- for systemic adnnmstratmn of Ang. Duectly administered

to. peritoneum by syringe or mini osmotic pump (Kieran et.al., Nat Med

2004; 10(4):402),

Subcutaneeus- for systemlo admlmstratlon of Ang. Duectly admlmstered
below the skln by qyunoe (Remholz et al. E\p Neurol 1999 1‘*9(1) 204-
16)

Intraventricular- dii*egt kadministration to the ven‘tripli_es in the brain, by
'i'rij ection or using small catheter attached to an osmotic pmnp.("S athasivam
et al,, 2005 N'eullfopath AP.P Néﬁrobiol; 31(5): 467)

In1planté ang can be prepaied in a_i'l_ implant (eg s_ma‘ll stlicon implant) that

will release dng. Impl:int can be placed at muscles or directly onto the

spinal cord (Kieran and Greensmith, 2004 Neurosci 125(2):427-39).

In an altema,t-i've,embodiment, the individual may be treated with angiogenin by
transfecting the individual with an angiogenin expression vector, such as, for
example, a viral vector. A suitable expression vector is a lentiviral vector.
Typically, the angiogenin used in the methods of the invention is recombinant
angiogenin. Methbds for producing recombinant 'ang‘iogenin? and expre ssipn
vectors which express recombinant forms of the protein, will be well known to
those skilled in the art (see for example Nature, Vol 429 (2004), P413-417 and
Nature Medicine Vol 6 (2000) No 4 P405 413 and Azzouz et al., Nat Med.
2005;1 1(4): 420- 33) which descrlbe methods of dehvermo 1ecomb1nant VEGF to
an animal ;mo.d‘el usmg @"léntl\fll‘al ;é:xpréss-lon yec'tqr. The' fg‘_e}ne ther'apy approach'
embodiment involves encoding ang and an attached marker protein (eg a
fluorescent prot‘eih) n a virus, wh1ch wﬂl‘]b_‘;e" administéred‘ to animals and taken up
by cells whereby its incorporated into their genome anid ang is expressed.

(Currently the idea would be o over-expréss ang, and this would involve
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repeating ang sequence a number of times in the virus to produce a high. copy

number).

In ohe embodlment of the mven‘uon the method includes a further step of

‘ueatmcJr the 111d1v1dua1 with VEGF, espe01ally lecomblnant V EGF protein. Thus

the 1nvent1on also prowdes a medlcament compusmg ang100enm or a

Vnem 0protect1ve ﬁ acrment or vauant thele@f and VEGF protein, or 1soforms
| thel eof T he 1nvent10n also relates to the use the medlcament of the 111vent1on n

-the manufactme of a med1cament for the prevenuon or treatment of a di sease or

condmon oha1 acteused by neuronal 3 mJury or death or axonal degeneratlon,

especially ,neurodegenerafuve diseases.

In one embodiment of the therapy of the invention, the angiogenin protein (or
fragment or variant thereof) is linked to a coupling partner, e.g. an effector
molecule, a label, a drug, a toxin and/er a cafrier Or h*allsport molecule.
Techniques for coupling the peptides of the invention to both peptidyl and non-
pept-idyl coupling partners are well known in the art.

As described e,b'ove, the Applicant has also discovered a number of nucleotide
seq,tienee.' alterations (hereafter “mutations™) in the gene for human angiogenin
which are associated with neurodegenerative disease phenotype, espeeially ALS
phenotype. The details of the gene mutations, and the corresponding mutations in

the protein, are provided in Table 1 below:.

Table 1
Sequence TD (gene)*  Nucleotide Change**  Aming Acid Change™** Sequence ID (protein)

1 A191T KAOL .

2 A107T QI2L 9

3 A122T K171 10
4 A121G K17E 11
5 G164A R31K 12

6 C189G C39W 13

7

A208G 146V 14

PCT/IE2005/000131
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" The sequences of the mutant anglogenm genes plovlded 1n QEQ ID NO’S 1 to 7
’ conespcnd wﬂ:h the codmor for the full transcupt of wﬂd-type ancrlogemn (SEQ

ID NO 17), but _1.nc;1ude the mutations indicated above.

th

i The numbel Ing used is calculated from the ﬁrst nucleo‘ude of the cDNA

. sequence enccdmg the full tlanscl 1pt (SEQ ID NO 17)

**% The numbering used is calculated from the first residue in the mature

10 angiogenin peptide (SEQ ID NO 15) provided above.

The 1‘11101610 acid sequence of the mutant genes (including coding for the signal -
peptlde) are provided in SEQ ID NO’S 1 to 7. The amino ac1d sequence of the
mutant pltotems encoded by sa1d muta_nt genes are prov;d,ed n SEQ D NO’S 8 to

15 14, The details of the disease-associated mutations are ueeful "f'cr designing
nucleic acid probes or primers which may be used to detect the mutant forms of
the genes in individuals. For example, a nucleic acid probe may be designed
which binds specifically to a sequence of the gene Which includes one or more of
the mutations (i.e. it either binds s,peciﬁCally to the mutant gene and not to the

20 wild-type gene, or it binds preferentially to the mutant gene as opposed to the
Wild-'-type). Typically, the prcbe will have a .nhcleic acid s‘eqﬁence which is
complementary with a sequence of the gene which ihcludes‘ one or more of the
mutations identified in Table 1. Suitably, the probe comprises a nucleic acid
sequence which hybridises under conditions of ,suit'ahle stringency to at least 7,

25  preferably at least 14, more preferably at least 25, 50, 75, 100, 150, 200, 250,
300, 350, or 400 consecutive nucleotides of ;’che sequence of the angiogenin gene

which includes at least one of the mutations.

Thus, in a further embodiment of the invention, there is provided an
30  oligonucleotide which is complementary to a sequénce of the angiogenin gene

which mcludes at least one of the mutations indicated in Table 1. Typically, the
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oligonucleotide is a probe or a primer. Ideally, the primer is a primer for PRC

nucle1c a01d amphﬁcahon 1dea11y RT PCT amphﬁcatlon In one embodlment

the ohgonuoleotlde con51sts of preferably at least 7 preferably at least 14, more

pzefelably at least”S 50, 75 100, 150, 200, ”50 300 350 or 400 consecutlve

nueleotldes The 1nvent10n also relates to uses of the probes or pr1mers of the

mventlon in assessing whether an mdmdual 1S atﬂeoted W1th or genetically

"-predlqposed to develop, a disease or condlhon characteuqed by neulonal injury or
| death or a:xonal clegenelatlon espec1ally neurodeoenel atwe diseases such as ALS

or motor neurone dlseases or var1ants thereof. F01 example a sample of neuronal_

ealls from an 1nd1V1dua1 may be 1solated the DNA extraoted and then assayed
using a pr‘o“be of the‘ 11137ent10n for the presence of one of the mutations indicated
in Table 1. Likewise, an oligonucleotide primer of the invention may be ‘used to
perform RT PCR oh the DNA‘ sample. As the primér is designed to bind with the
tarcet DNA only Wh‘eh a desired mu‘tatiori is ,preseht', amplification will only take
place when the mutation is present. The design of primers and probes of the
invention, and their use in determining the presence.of any of the mutations of

Table 1 in a sample, will be well known to a person skilled in the ait.

The invention provides methods of treatment and prevention by admi_;ﬁs‘cration to
a subject m need of such treatment of a -th,_'erapetitieally Or prophylaeticall_y
effective 'a_mohnt of angiogenin, or a variant or fragmeht, -thereof (hereafter
“thei‘apeutic”), The subject is preferably an animal, including, but not lirnited to,
animals such as monkeys, cows, pigs, horses, chiclens, cats, dogs, etc., and 18

preferably a mammal, and most preferably human..

Apart ﬁom the specific dehvery systems emboched below, various: dehvery
systems are known and can be used to adm1mste1 the ther apeut1e of the 1nvent10n
e.g encapsulatlon n hposomes mlelopartlcles mlclocapsules fecombinant cells
capab'le of expressing the Ther apeutle, 1eeepto1-1ned1ated endocytosis (see, e.g.,
Wu and Wu, 1987, J. Biol. Chem. 26.,2i4429-4432),- construction of a thei‘apeuﬁc

nucleic acid as part of a retroviral or other vector, etc. Methods of introduction
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include but are not limited to intradermal, intramuscular, intraperitoneal,

mtravenous.. subcutaneous 1ntranasa1 epldtual and 01a1 routes, The compounds |

" may be adrmmstered by any oonvement 10ute fo1 exarnple by mfusnon or bolus

1njeot1on by abaorpuon through eplthehal or mucocutaneous l1n1ngs (e % oral
mucosa 1eotal and mtestmal mucosa, etc ) and . may be adm1mste1 ed together with

other blologlcally a‘the agents. Administration can be systemic or local. In

addition, it may be desirable to mtroduce the pharmaceutloal compos1t1ons of the -
,1nvent1on into the central Nervous system by any su1tab1e route, 1nclud1110
,111traventr1cu1ar and Intr athecal ] 111] ect1on 1ntr aventrlcula1 i} jection may be

- fac1htated by an 1nt1aventucula1 catheter for example attaohed to a réservoir,

such as an Ommaya IeServolr, Pulmonary ad1n1n1strat1on can alao be employed
¢.g., by use of an inhaler or nebulizer, and formulation with an aerosohzntg

ag ent '

In a specific embodiment, it may be desirable to administer the pharmaceutical
compositions of the invention locally to the area in need of treatment; this may be
achieved, for example, by means of an implant, said implant being of a porous,
non-porous, or gelatinous material, including membranes, such as sialastic

membranes, or fibers.

In another embodiment, the therapeutic can be delivereo Ina tiesiole? in particular
a liposome (see Langer, Science 249:1527-1533 (1990); Treat et al., in
Liposomes in the Therapy of Infectious Disease and Cancer, Lopez-Berestein and
Fidler (eds.), Liss, New. York, pp. 353-365 (1989); Lopez-Berestein, ibid., pp.
317-327; see gener'ally i‘bid.,) l

In yet another embodiment, the therapeutic can be delivered in a control]ed
release 'Sy‘s‘ten‘n 'In one embodiment, a pump may be used (see Langer, supra;
Sefton, CRC Crit, Ref. Biomed., Bng. 14:201 (1987); Buchwald et al., Surgery
88 75 (1 980,)_; Saudek et al., N. Engl. J. Med. 321:574 (l989)). In another

embodiment, polymeric materials can be used (see Medical Applications of
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Controlled Release, Langer and Wise (eds.), CRC Pres., Boca Raton, Fla. (1974);
Controlled Druo Bloavallablhty Drug Product Deslcrn and Perf01mance Smolen

and Ball (eds ) Wﬂey, New York (1984) Ranoer and Peppas, . Mae1 omol 801

Rev Macromol Chern 23; 61 (1983) see: also Levy et al., Se1enoe 8 100

(1985) Dunnor et al., Ann Neurol 25 351 (1989) Howatd et al J Neurosulo

71:105 (1989)) In yet anothe1 embodlment a connolled release system can be
;plaeed in plommltyxof the: the1 apeut1c target, thus 1equ1mng only a fractlon of the

-systen'nc dose (see e.g., Goodson, in Med1cal Appheauons of Controlled

Release supla vol. 2 pp 115- 138 (1984)) Othe1 controlled release systems are

‘d1scussed in the review by Langer (Sc1enee 249:1527- 1533 (1090))

In a specific embodiment where the tliei*apeUtfic is a nucleic acid encoding a

proteln therapeut1c the nucleic ae1d can be adm1n1ste1ed by gene therapy methods

as descnbed herein,

The present invention also provides ph'amflaceutioal cOmpositiOns comprising
ang.ioge11111, or a variant or fragment thereof, Such compositions comprise a
therapeutically effective amount of the therapeutic, and a pharmaceutically
acceptable carrier. In a speeiﬁc embodiment, the term “phal'maeeutioally .
aeceptable"' means approved by a regulatory agency of the Federal or a state
oovernment or listed in the U.S Pha1macope1a or other crenerally recognized

pharmacopeia for use in animals, and more paiticularly in humans.

The term "carrier" refers to a diluent, adjuvant, excipient, or vehicle with which
the therapeutlc 1S ad1n1n1ste1 ed. Such pha1maeeut1cal camels can be sterile
hqu1ds siich as water and oils; including those of petroleum animal, vegetable or
synthetlc origin, such as peanut oil, soybean oil, m1ne1al oil, sesame oil and the
like. W ater is a pr efen ¢d carrier wlién the pharmaceuncal compos1t10n 18
ad1n1mste1ed 1ntravenously Sallne solutions and aqueous dextrose and glycerol
solutions oan also be employed as liquid carriers, partloula1ly f01 injectable

solutions. Sultable phannaoeuneal excipients include starch, glucose, lactose,
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sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol

‘-monostearate tale, sodlum chlonde dried sklm nulk, glycerol propylene glycol,

wate1 ethanol and the hke

The composition, if desired, can also oefntain_ minor amounts of wetting or

~-~emulb1fy1ng agents, Or pH bufferlng agents These compositions ¢an take the
, '.fqlm-ot-,j;.sqluuons,‘ ;s.uspensmns,; emul,s;om tablet pllls capbules powdels

sustained-release formulations and the like.

The compoczltlon can be formulated as a suppository, ‘with tr ad1t10nal bmders and

carriers such as t11glvceudes Oral formulation can include standa1d carriers such

as phar‘maceutlcal orades of manmtol la’ctose starch magneszum stearate
sodium saccharine, cellulose, magnesmm calbonate etc. Examples of suitable
phalmapeutlcal carriers are described in "RemmO”ton s Pharmaceutical So1ence<:
by E. W. Martin. Such compositions will con_taln a therapeutlcally effective
amount of the therapeutic, pr'efe'rably in puri-ﬁ;éd form, together with a suitable
amount of carrier so as to provide the form for proper administration to the

patient. The formulation should suit the mode of administration.

In a prefen"e‘d embodiment, the .composi-tion is formulated in\-aCCOTdaIiQ@.’é with
routine procedures as a pharmaceutical composition adapted for intravenous
adiministration to human beings. Typically, .compos“itions er intravenous
administration are solutions in sterile isotonic aqueous buffer. Where necessary,
the composition may also 1ndude a solublhzlng agent and a local anesthetlc such
as lignocaine to, ‘ease pam at the site of the 111] ectmn Generally the 1naledlents
are supphed elthel sepmatelv or rnn:ed togethel in U.Illt dosage. form, for example
as a dry lyophilized powder or water free concentrate in a ,h@.rl.netwaHy sealed
container such as an amipoule or sachette indibdﬁn‘g the quanti‘ty of active agent.
Where the composfcmn is to be admmlsteled by 1nfus10n it can be dlspensed with
an infusion bottle contammo sterile pham‘laceutlcal glade water or saline, Where

the composition is adm1msteled by 1nject10n an ampoule of stenle water for
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injection or saline can be provided so that the ingredients may be mixed prior to

- administration.

~ The therapeut1cs of the invention can be formulated as heutial or salt forms

Pharmaceutlcally acceptable salts include those formed with free amino. Groups

such as those derived from hydrochloue phosphonc acet1e oxalic, tartartc aclds

"‘etc and those formed Wlth free catboxyl 010ups such as those derlved t10m

sodlum potass1mn ammomurn calcium, fetrric hydromdes 130pr0pylam1ne

trtethy_lamme -ethylammo ethanol, h1st1d1ne plocame etc.

The amount of the ther apeut1c of the invention which will be effecttve in the

treatment of a pa1t1eu1ar d1501 de1 or cond1t1on will depend on the nature of the
c_hsorder or condition, and ¢an be determined by sta:n._datjd chmeal techniques. In

addition, in vivo and/or in vitro assays may optio’nally be employed to help

predict optimal dosage ranges. The pr eetse dose to. be employed in the

formulatlon will also depend on the route of admumtratlon and the serrousness
of the d1s'ease or dlsorder, and should be decided according to the judgment of the

practitioner and each patient's circumstances.

The invention also provides a pharmaceutical pack or kit comprising one or more
coiitainers filled with one or more of the ingredients of the pharmaceutical
001npositions of the invention. Optionally associated with such containex(s) can
be a notice in the form prescribed by a governmental agency regu1ati-ng the
manufactute use or sale of pharmaceuticals or biological products, which notice -

1eﬂeets appr oval hy the agency of manufacture, use or sale for human

admlmstratlon
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BRIEF DESCRIPTION OF THE FIGURES

F1gu1e 1 shows the ped1grees for selected patlents W1th ANG mutatlons

'Mutat1ons are’ mdlcated usmo | 'si le 1etter ammo a01d code PLobands are

‘-1nd1cated by arrows cncle female squa1e male; open symbcl unaffected

shaded symbcl affected dlagonal 1me deceased Co, control asterm mutatlcn

" Curlent aoe or aoe at death and cause of death 1s 111d1cafed Dmt dement1a MI '

' mvocard1a1 infar CthI’l EMG, normal elect1 cmyoolam

Flgule 2 111ust1ates the three-dimensional structure of ANG showmg the modeled
mutatlons Q12L K17E, k17I R31K, Ix4OI and 1146\7 in ball and stick
1ep1esentat10n The ﬁome was 01eated using the procrram PyMOL (DeLano

Scientific, San Carlos, CA).

Figure 3. MTT assay. An MTT assay was used to determine the 11eu10protect1ve
eftect of an01ooenm treatment 1 an m-vmo model of motoneuron deoenel ation.
Cell viability in treated cultures was expressed as a.percentage of _-cell -Vlablhty n
untreated sister cultures (contrcls). As can bé seen exposure to AMPA tesults in a
significant deciease in cell viability, however co-treatment ot pre-treatment with
ang"iogeh,i_n (100ng/ml) significantly increases cell viability. Exposure to
angiogenin ot BSA alone has no significant effect on cell viability. .(values =

mean, error bars = S.E.M., N=24).

Figure 4. Western blot for pho"sphorylated Akt. The activation of the PI3K/Akt
pathway was exammed by westem blot for phosphorylated Akt As can be seen
there is a s‘uon«CJr mcrease in phospho-Ald expressmn 111 AMPA exposed cultmes
co-t1eated or pre-treated with anglooemn This suggests that the neulcplctectlve

effect of anglcgenm 1nvclves 510na11mg thlouorh the PI?IsJAkt s1gnalhng

pathwa-y :
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EXPERIMENTAL
Genotyﬁ\i.nthata '
' 5 -’The Apialieanf'llas previously ident-iﬁe‘,d 'chlmeOSohie 1~4q'1 "1.'2 as a eeﬁdidate 're‘bi'on ‘fOr‘

10

20

I

30

amyotrophlc late1a1 seleros1s m the I11qh and Scotush populatlons (Gleenway, M J e?‘ a/

]'ll
’

M‘\Neurologv 63, 1936 1938 (’7004) Hayweud C ez‘ aZ New*ology 52, 1899 901 (1990) ) an'
| have 1eported an assomatlon of ALS with the rsll7 Ol 31n01e nucleotlde polymorphlsm |

- (SNP) n the IllSh ALS populatlon (Gleenway., M.J. er al Neur ology ). Genotypmg of the

rs11701 SNP in 1629 individuals with ALS and 1264 controls from 3 mdependent

pOpulatlons (Table 2) conﬁrmed the assoc1at10n n the Iush and Scottlsh ALS populat10n<
although no assoc1at10n Was observed n US Enghsh or Swed1sh pOpulanom The rs1 17
SNP is a synonymous substitution in ANG, .a-Oneexon _gene whose product is exp‘ressed i

motor neurons, and is an angiogenic factor with RNase A activity.

Sequencing of the human angiogenin gene (hereafter ANG) in the same populations
identified 7 -missellee muta,t_ion_s m 15 individuals of Whofh. 4 had familial ALS and 11
‘speradic’-_ ALS, (Table 3). These individuals were all negative for superoxide dismutase |
mutatioﬁs. Although mutations were present in .indi‘i'viduals from all 5§ populations, 1,2'of ]
affected individuals were of Scottish or Irish descent (Table 3). To the Applicants

knowledge ANG variants have not been previously associated with human disease. ALS-

- associated mutations were not identified in 2528 ethnically matched control chromosome:

and segregated with disease in one family (Fig. 1.). All patients enrolled in the study had
typlcal ALS, although a hlohe1 than expected proportion (60%) of 1nd1v1duals Wlth ANG

. mutatlons had bulbar onset dlsease However, spe01ﬁc mutations were not aseocmted W1t

site of onset the C39W mutation was observed 1n two . s1b11ngs one of whom had oonﬂrmf

clinical features of limb onset and the other bulbar onset ALS.
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Three shaled haplotypeq were obsewed across the ANG locus and ﬂankmo reglon
in Iush and Scottlsh 1nd1v1duals Wlth K17I (S 84), K401 (SS 89 and SlO) and
_ I46V (Sll E2 and F3) mutatlons respectlvely, 1nd1eat1ve of a founder effect n
.each case. A umque shared haplotype ‘er-t_he 1\1‘7E mutﬂa_t,lon.,was_ 1‘dent1-ﬁ,ed n
5 mdmduals of Swedlsh and Northemn Irjsh eﬂnﬁei_ty (SS and S6) 1
ANG a 173 amino acid 14 11<Da pr oteln is a potent 1nducer of
neovasculausatlon in vivo and member of'the pancreatle r1bonuclease A (RNase
A) supeltam_lly (Fett JW. et al Bzochem 24 480 5486 (1085) )The RNase \
10 activity of ANG is important for its biological activity (Shapiro, R., Rlordan ] F
& Vallee- B.L. 'Bioéh'en-zﬂ” 25, 3527- 3532 (1986)) ANG variants with decreased
RNase act1v1ty 1nva11ably have 1educed anglooemc aetlvny (Qhaplro R , Fox,
E.A & R1Q1‘dan, J.F. Biochem. 28, 1726-1732 (1989) Shapiro, R & Vallee, B.L.
- Biochem. 28, 7401-7408 (1 989))ANG is express'ed 1n the neuroaxis. Hewever, 1tS
15 meohanism of action 1s yet to be established. In endo’theliulll ANG 01*gamisﬂesee11
formation into tube-like structures, 'induees secondary messengers, and *'s,_up_p'orts
endothelial cell adhesion and spreading. In steps ﬂlat are critical for arigi'ogenesis,
ANG is »intem‘al’ised by endothelial cells and transported to the nucleolus
(Merioanu, J. & Riordan, J.F. Proc. Natl AcadScz’ USA. 91, 1667-1681 (1994) )
20  where it stimulates TRNA transcription, a rate- limiting step in. rlboqome .
biogenesis, plotem translation and cell glowth Endogenous ANG is required for
cell plohferatlon induced by other angiogenic proteins such as vascular
endothelial growth factor (VEGF) (Kishimoto, K., Liu, S, , Tsuji, T., Olson, K.A.
& Hu G.F. Ozzc,ooerze 24, 445-456 (2005) Dowmegulatlon of ANG by small
25 ; 1nterfe11ng RNA (S1RNA) and antisense ollconueleoudes decreases VEGF- '
1nduced rRNA tlanscnptmn and mhlbmon of nuclear translocatlon of ANG
abohshes VEGF’ S anglogemnic activity (.I&j'slnmoto, K., L1u, S, TSU.JI, T., leon,
K.A. & Hu, G.F. Oncogene. 24, 445-456 (2005). ‘
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Crystal structure analysm of ANG has plowded clear evidence of RNaee A
fold and ccnservatlon of H13 R40 ancl Hl 14- the catalvuc trlad (Acharya R R "

,Shaplro R., ‘Allen, 3. C R101dan T. F.& Vallee BL Proc Natl Acad. Sc,z USA |

91,2915 2919 (1994) Five of the missense muta‘uons 1dent1ﬁed 1n 11 1nd1v1duals' '

. W1th ALS affect funct1cnally 1mp0rtant res1dues that are evclutlonary lughly |
'V-'conserved m ANG and R\lase A (Q1’7L Kl7l K17E C39W and 1\401) (Flg 2). AR

11\40 n AN Gisa cr1t1cal 1eS1due 1nvclved 1n catalysm (Shap1r0 R R101dan J F.
-& V allee B L. Bzodzem ’75 35’77 35 32 (1986)) Replacement of K40 by Q ora

- conservative subst1tut10n by R decreasee the 11bonucleclytlc act1v1ty by a factcl

X 10 (Fett J.W. et al Bzochem 24 5480~’i486 (1985) and 50- fold respectlvely

'(Shaplro R., Fox, EA. & Rlcldan J.F. Bzochem 28, 7401-'7408 (1089) W1thout

being bound by theory, molecula1 :modellm_or of the K4OI subqtltutlon uggeste that
several key interactions atre lcst due to mutation, predlctmg loss of ribonucleolytic

activity (Fig. 2). C39W causes significant structural change due to loss of

disulfide bridge fcnnat_io_n with C92 (Fig. 2). Di'sr-upticn of this disulfide bridge

would likely affe'cl prctein folding resulting in lower ribonucleolytic activity. Q12
interacts W1th the active site residue K40 in the native structure (F1g 2). Q12L
subst1tut10n would disrupt this interaction ancl make it enzymatically less active.
Residue Ix17 in ANG is distantly positioned from tl_le active site 1n a_'lo_op on the
surface of the molecule (Fig. 2). It is unlikely that variants K17 to I or E have
significant effect on the structure; However, previous study on a ANG-RNase A
hybrid demonstrates a conserved region ocntainin'g K17 is involved in the activity
of ANG against intact ribosomes. This suggests that I/E variants of K17 may alter

ANG activity (Bond, M.D. & Vallee, B.L. Biochem. 29, 3341-3349 (1990).

' In\ additlcn to the catalytic centife ANG '-pcssesses a nuclear :tltaﬂiSIOCaticn
s1te that contams sequence (31RRRGL35) mvolved in transport of ANG to the
nucleolus fcllcwmg uptake by endothelial cells R31A is tlan‘:located much less
efficiently than the native p1cte1n (Shapiro, R. & Vallee, B.L. Biochem. 31
124.77-124.85 (19,9;2). It 1s plechcted that the R31K variant may have a role in



WO 2006/054277

5

10

15

20

30

CA 02588765 2007-05-17

PCT/IE2005/000131
24

nuclea1 translocation but would cause only mmor perttnbanon in the struoture 146 B

\

is not fully conserved and is predloted to cause the least struotul al ohange

Like VEGF ANG 18 1nduoed by hypoxia to el1c1t an01ogenes1s and 1S

expressed in motor neutons Deletlon of the hypoxm 1esponse element of the

VEGF promoter oauses a motor neuron d1sease phenotype 1n nnce ( Oosthuyse B S

et al Naz‘ Genez‘ 28, 131- 138 (’7001) and 1eplaoement of VEGF 1s beneﬁc1al n
SODGQBA rodent models (Azzouz M. ez‘ aZ Natw e' 429 413 417 (7004)
Storkebam E et uZ Nat New 05Cl 8, 85-—92 (’?005) Gene-based t1e1apy using a
VEGF 6‘{131‘88811’10 lentiviral vector MoNuDin® is being developed for human use
by Oxford Blomedlca Although VEGF is a putatwe modifier of ALS, mutations
in the gene have not been found 1 111 pat1ents W1th ALS By contrast, the Apphoant
has -identiﬁed loss of function ANG mutations as a clear .susoeptlbthty ;faoto1 for
the development of ALS. ANG mutations may cause autosomal dominant ALS

and low penetrant disease masquerading as ‘sporadic” ALS.

Cell Model of Motoneuron Degeneration

Methods |

Pr1mary motoneuron cultures at 7 days in-vitro were exposed to SOuM AMPA
(Tocris Cookson) in the culture medium for 24hrs, as an in-vitro ‘model .of
motoneuron  degeneration  (Kieran and  Greensmith, = Neuroscience
2004, Vol 1’75 427- 439). To examine the poss1ble neulop1oteot1ve effect of
anmogemn we exammed the effeot of 1) ple-tleatment and 1i) co-treatment w1th
ang1ooenm (R&D systems) n the oultule medlum at ooncenttatlons of 75ng/ml
S‘Ong/m‘l 100ng/ml, OOng/ml and SOOng/ml As conhols s1ste1 cultmes were
used that were either unexposed or exposed to anglogenln (at same
concentrations as detailed above)? or exposed to BSA (bovine serum albumin,

Sigma).
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~In tlns study an MTT eell ylab111ty assay was performed MTT (Slgma) dlssolyed }
‘ m PBS (%mg/ml) and dlluted 1: 10 in culture med1um was added to cultules and "
.-mcubated f01 4. hours at. 37C After 1noubat10n the medla was replaced w1th'. -.

' 1sopropan01 contalmng 0.04M HCI Emlssmn Values were then read on a rnlclo- |

ELISA. plate 1eade1 at 570nm Cell viability in tleated cultures was expressed as a.

S percentaoe of cell ylablhty 0 unueated swter cultmes (100%) and 1esults were* .

10

15

25

30

compared for slgmﬁcance usm0 a Mann Whltney U-test

To examine the s1gnalhng pathway 1nvolved in mediating the heur oploteetlve
effect of angloorenm the actwa‘uon of the PIBK/Al{t pathway was examined using
western blotting. In pamculal we exammed the “activation of Akt, as
demonst1ated by its phosphorylatlon Pr1mary motoneuron cultules exposed to
AMPA, AMPA and angiogenin, or angiogenin alone (as described aboye) were
lysed and proteln extracted Protein concentration in each expenmental condition
was determined using a M1010 BCA Assay (Pleree) Samples were run on a 10

SDS gel and tr ansfen ed onto nitrocellulaose membranes, and were pi obed W1th

antlbodles 10 Akt and phospho A1<.t (both Cell q1gnallmg) Blots were ylsuahsed

'using the .ECL system. Equal protein loading was confirmed by 1“e~p1teb1ng blots

with an-tibodies to ,a‘lpha-.-tubulin (Sigma).

Results

1. The neuroprotective effect of angiogenin in an in-vitro model of motoneuron
degeneratio;nand stroke.

a) Using an MTT cell viability assay the effect of 1 1n01easmg concentlatlons of
anglogemn was exammed in an in-vitro model of motoneuron degenel ation
whele pumary motoneuron cultures were e\posed to SOuM AMPA for ’74hls It
was found that the optimum concentration of anorlocemn 0 demonstrate a
neu10p1 otective effect was 100ng/ml. Exposure of p1-1-ma1y motonemon cul-tu1es-
to QOuM AMPA for 24h1s is a well described in-vitro model of motonemon

degenelatlon (Kieran and Greensmith, 2004) As can be seen in Figure 3.
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e\posme to AMPA resultq na S1g111ﬁca11t deereaqe 1n cell v1ab1hty to 58 5% (+/-

- 3 3 S E. M n"“"?4 p-—-—<0 05) I—Iowever co-treatment or ple-treatment W1th

| 100ng/1n1 angloc*enm 810n1ﬁcantly 1ncreased cell Vlab111ty to 8” 5.(+-3:9 S.E.M.,,

n'""24) and 92. 3 o (+- 4. 8 S.E.M., n=’74) respectlvely (p <0 05) Treatment of

prunary motoneuron cultures w1t11 e1the1 angiogenin or BQA had no significant

*effect on cell viability.

2. The role of Akt 1n anmogenm swrntalhnOr
qug western blottmg, the cell sutvwal pathways involved in medlath the

neuroprotective effect of anglogemn WEre exammed In partlcular the activation

of the PI3K/Akt cell survival pathway was examined by examining the

.exp1essmn of the aotlve form of Akt (phosphorylted Akt) As can be seen in

Figure 4, the level of actwated AI\t (phosphowlated Akt) is increased ih AMPA
exposed cultures co-treated W1th angiogenin, compared to AMPA- only or
3110100611111-0111}7 treated cultures. This melease in the activated form of Akt
demonstrates that the neuropr otectlve effect of anmogemn in this in-vitro model

of motoneuron degeneration involves the activation of the PI3K/Akt pathway.

Animal Model of Neurodegeneration

Treatment regimes:

A110iogenin (ang) (R&D Systems Inc., Minneapelis, USA - Catalo,g Number 265-
AN- 250) 15 adm1mstered to mutant SODl (mSODl) mice, a mouse model of
ALS/MND (Gumey et al., 1994 Science 2 264:17 72-5). These mice may be
obtatned from The Iaokqon Labmatory Malne USA These mice develop an

ALS-like phenotype of promesswe motoneuron degeneratton and hmdhmb

pa1 alysus wh1ch very closely l'nll’l’lle the chmoal situation. The dlsease

progresses 1ap1dly in these mice, and they have a muoh reduced hfespan of
appr0x1matey1 1”5 days (K1e1an et al Nat Med 10 402-5). The effect of

commencmo ang tleatment at dlfferent dtsease stagés is exammed The se stages
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.are 1) ple-eymptomatmally (from 35- davs) 11) early- symptoma’uc staoe (from 7 O-
“ days) or 1 11) late qymptomatlo stage (ftom 90 days tlllS pomt most closely
 MIMmICs ohmoal situation as pat1ents only see neu1ologlst at mld-late stage 1e

when paraly&s ev1dent) Anmooenm 18 admlmstened to animals of the same sex

from a number of 11ttels in order to prevent sex dlfferences dtstortmg the results.

' Routes ot admnustrauon

1. Int1 athecal- Ancr deltvew dueotly to the <p111al cmd

Animals have ancr admlmsteled intr atheotally by sylmge ThlS mvolves exposmg

the qpmal cord in anaesthetlsed animals by perforiing a lammeotomy to create a

‘hole in the overlying vertebrae and then inserting the syringe through this hole,

through the meninges into the space surt oundlno the sp1nal cord. The syringe will

not penetrate the qpmal cord.

Alternatively, .the animals have ang delivered intrathecially by mnn-osmotoc

pump. Animals are ‘anaesthetised, ‘and a lar'nlneotomy is performed to allow a

small catheter to be inserted intratheoia;lly. This catheter 1s attached to a mini-
osmotic pump containing angiogenin. These pumps are very small in size and
su1table for insertion into small rodentq suoh as mice. The pump is located
overlying the spinal cord, and ang 1s 1eleased over a defined length of time,
depending on the size of the pump and the volume it can hold. (Ignamo et al.,
Ann. N.Y. Acad, Sci. 2005, 1053: 1.21-~l36).

In the situation that recombinant ang 1s 0 be admi_ni_stered, first examine effect of
different concentration and then optimal delivery 1'egime (ie administered
continuously (osmotic pump Would allow for this), daily, twice dally, weekly,
fortmghtly, every other day ete. For contmuous 1nfus1on recomblnant ang1ogemn
1S mfused at a range of doses between 5 and 70 ng /kg/mmute OtherW1se the

angiogenin 1S admtsmstered at a Tange of doses between 0.1 and 2 mO/lcg

Determining effectiveness of treatment:
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To detennme whether ang treatment 15 eff'ectwe in mS ODl mwe dlsease
.plooressmn and llfespan in ueated mSODI mice is compared wﬁh unu'cate:d« .

m SODI httermates Momtoung dlsease ploozesszon mcludes functlonal

assessmeit of locomotor ablhty and muscle functxon as well as body welght , "

genera] appemance and motonemon survwa] (Iuelan etal, OOS 2004). Llfespan

. -'wxll be a measme of the mmbez of days the ammal lives for. -

Results* Anﬁlogemn 1S released from the pumps and smnge and. taken up by cells
In the spmal cord, This is momtoxed by taggmg the Ang pzotem with a

ﬂuoresoent mazl\el Admlmstzauon of Ang duectly to the spmal cord will 1educe

the pOSSlbﬂlt‘y of ‘Ang administration havmg carcinogenic effects compared to
systemic Ang admlmstranon
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CLAIMS

1. Use of wild-type human angiogenin shown in SEQUENCE ID NO: 16, or a
neuroprotective variant thereof having at least 98% sequence identity with wild-type
human angiogenin, in the manufacture of a medicament for the treatment or prevention of

a neurodegenerative disease.

2. Use as claimed in Claim 1 wherein the neuroprotective variant has at least 99%

sequence identity with wild-type human angtogenin shown in SEQUENCE ID NO: 16.

3. Use as claimed in Claim 1 or 2 wherein the neurodegenerative disease is
amyotrophic lateral sclerosis (ALS), motor neurone disease, or variants of motor neurone

disease consisting of primary lateral sclerosis and spinal muscular atrophy.

4.  Use as claimed in Claim 1 or 2 wherein the neurodegenerative disease 1s selected
from the group consisting of motor neurone disease; prion disease; Huntington’s disease;
Parkinson’s disease; Alzheimer’s disease; Multiple sclerosis (MS); hereditary

neuropathies; and diseases involving cerebellar degeneration.

. Use as claimed in any one of Claims 1 to 4, wherein the wild-type human
angiogenin shown in SEQUENCE ID NO: 16, or a fragment or variant thereof having at
least 98% sequence 1dentity with wild-type human angiogenin, 1s formulated for direct

intrathecal delivery to the individual.

6. Use of a nucleic acid molecule shown in SEQUENCE ID NO: 17 encoding wild-
type human angiogenin, or a nucleic acid encoding a neuroprotective variant thereof
having at least 98% sequence identity with wild-type human angiogenin, in the
manufacture of a medicament for the treatment or prevention of a neurodegenerative

disease.
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7. Use as claimed in Claim 6 wherein the neurodegenerative disease is amyotrophic
lateral sclerosis (ALS), motor neurone disease, or variants of motor neurone disease

consisting of primary lateral sclerosts and spinal muscular atrophy.

8.  Use as claimed in Claim 6wherein the neurodegenerative disease 1s selected from
the group consisting of: prion disease; Huntington’s disease; Parkinson’s disease;
Alzheimer’s disease; Multiple sclerosis (MS); hereditary neuropathies; and diseases

involving cerebellar degeneration.

TOR LAW\ 8629007\
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