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he Invention, relates to the use or a fragment or variant thereof to treat diseases or conditions characterised by neuronal injury or

death, or axonal degeneration, especially neurodegenerative diseases such as Atmyotrophic Lateral Sclerosis (ALS). The invention
also describes a pluralty of mutations of the human angiogenin gene which are associated with a neurodegenerative disease

phenotype, and. particularly a ALS phenotype, Also described

IS .a, method; of assessing whether an individual Is afflicted with, or

generically predisposed to develop, a disease or condition characterised by neuronal injury or death, or axonal degeneration.
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ABSTRACT

The 1nvention, relates to the use or a fragment or variant thereof to treat diseases or conditions
characterised by neuronal injury or death, or axonal degeneration, especially neurodegenerative
diseases such as Atmyotrophic Lateral Sclerosis (ALS). The invention also describes a plurality
of mutations of the human angiogenin gene which are associated with a neurodegenerative
disease phenotype, and. particularly a ALS phenotype, Also described is .a, method; of assessing
whether an 1ndividual is afflicted with, or generically predisposed to develop, a disease or

condition characterised by neuronal injury or death, or axonal degeneration.



CA 02838516 2014-01-07

CA 02588765 2007-05-17

WO 2006/054277 | PCT/IE2005/000131

10

15

20

19
tn

30

TREATMENT OF DISEASE

. .,_The 1nvent10n relates to a method of treatlng or preventmg a dlsease or condition-

cha1 aotensed by neuronal injury or death or amnal degeneratlon espec1a11y
amyotrOphie 1ateral sclerosis (ALS) The invention also relates to a method of
assessing -whether- an individual is a_fﬂl,'c,ted wlt_h ALS. T he invention also

provides a number of ALS specific mutations.

BACKGROUND OF THE INVENTION

ALS is paradigmatic of neurodegeneration and is 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 hlstory
with-an autosomal dominant pattern of inheritance and galn-of-ﬁmctlon
mutations in the SOD1 gene account for 20% of these. Although the pathogeneqs -
1S unknown, there is evidence that genet_lcally determined susceptlbllzlty factors
may contribute to the development of both ALS and othier non-

familial neurodegenerative diseases.

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

-endothehal glowth factor (V EGF) have a 40% 1educt1@n n neural expresswn and ;

adult-onset motonem on degeneration, resemblmg an ALS phenotype. In addltlon
to its angio genic propertle.s, VEGF ,h_as direct neurot_rophle and, neu;fopl‘ot,eeft,lve
effects on mo_toneurens' and other central neurons. ‘ These observations suggest
that insufficient VEGF de.p.end,ent neurdtrophic support may be of importance in

the pathogenesis of ALS in this anima] model.
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Genotype meta—analysm of over 1,900 individuals frorn Northern Europe has
1dent1ﬁed a relative risk of 1. 8 for the development of ALS in subJects
homozygous with respect to two haplotypes in the VEGF pwmoter/leader
sequence The at-risk haplotypes reduce VEGF transcnpuon and result in

lowered serumi VEGF levels, To date, no mutations in the VEGF HRE or coding

sequences have been identified irl patients with ALS; and the significance of low

circulating VEGF levels remains to be determined.

The only e‘videnee based -treetmeilt 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 treatmerit.

BRIEF SUMMARY OF THE INVENTION

It is an object of the invention to overcome at least one of the above probler-ns.

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

or condition characterised by neuronal inj ury ordeath, or axonal degéneration.
The method of the invention compnses a step of tr eatmg an mdmdual with
angiogenin protein, or a neuroprotective fragment or variant thereof. Sultably, the
angiogenin, Or variant or fragment thereof, is administered n an amount effective
to treat or prevent the disease or condition. When the invention relates to therapy,
t.reatnient. S.u1tab1y'? the dl'sease or c}ondmon isa neurodegenelzatwe dlsea_se,
typically ALS or motor neuron disease, or vailants fthel*eof includ_ing p_rimafy

lateral sclerosis and spinal 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

 atrophy.

The invention also relates to the use of angiogenin, or a neuroprotéctive fragment

or variant thereof, or a nucleic acid molecule encoding angiogenin or a fragment

- ot variant thereof; in the manufacture of amedicament for the treatmient'or -
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prevention of a disease or condition characterised by neuronal injury or death, or

| aXOIIal "deg@nelfatioris In partlculal, the' invel‘;tilc_)'n'irela.te‘s to the use of -a._ng,i ogenin,

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

encoding angiogenin or a fraginent 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 compris‘ing a nucleic acid sequence selected from. the
group comprising: 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'vidcd include a
stop-codon (taa), however, this may 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 (NucleOtidcs ] -
72) also form part of the invention.

P’olypep;ide sequences corresponding to the mutant forms of the gene are also
pr-ovidedf Thus, m a _fu1111¢1° ,a_s'peé't_,. the invention relates to an 'iSOIé;t'éd.
polypeptide comprising an amiio acid sequence selected from the group
comprising: SEQ ID NO’S 8 to 14, The amino acid sequ,éncels as provided 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 changé in the mutant po"l‘yp‘eptide, are provided‘ in Tﬁble 1.

- Theinvention also relates to a method of assessing whether an individual is
afflicted with, or genetically predisposed to develop, a disease or condition

characterised by neuronal injury or death, or axonal 'degeneration, the method

cdmpnising the step of assa‘yiﬁg' a bi.lol'ogical samij] e from the 'indiv,;ldua,.l for the
presence of any of the mutations indicated in Taﬁle 1. The invention also relates
to a kit for assessing whether an individual is afflicted with, or genetically
predi,sp()se;d to develop, a di_sease or condition characterised by neuronal Injury or
death. or axonal degeneratiQn, the method comprising means for assaying a
biological sample from the individual for the presence of any of the mutations
indicated in Table 1. Typically, the means for assaying comﬁrises an

oligonucleotide probe or primer of the invention.

The 1nvention also relates to a method of assessing whether an individual is
attlicted with, or genetically predisposed to develop, a disease or condition
characterised by nevronal injury or death, or axonal degeneration, the method

comprising a step of comparing:

- determining a serum level of circulating angiogenin in a sample obtaned
from the individual; and
- comparing the serum level of circulating angiogenin in the individual with

a pre-determined 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 génetically predisposed to deve.lop, a disease or condition
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characterised by neuronal injury or death, or axonal degeneration. Typically, the
pre—deterrmned control range 1S obtalned from a cohort of 1ndw1duals not
afﬂloted or geneuoally predmposed to develOp, a dlqease or cond1t1on '
charaotox 1sed by. neurona.l m_]ury or deaﬂl or axonal degeneratlon Ina prefen'ed
embodlment thts dlagnostlc or prognostlc method is speolﬁcaily directed to the

diagnosis or proanos:s or neurodegenerative d1sease especnally ALS or motor

- DEuron: dlsease ‘or vatiants thersof mc‘ludm pnmary lateral scleroms angd spmal

muscular atrophy While this methocl of. dlagnosw/prognosm 1S deﬁned in terms
of measurement of serum Ievels of cm:ulatmg anglogenln, 1t wﬂl be apprecuated
that t_he. method may also be 'embod1ed by meaSurement of ang_-lo_genm levels in

other biological fluids such as whale blood, lymph, cerebrospinal fluid, urin'e,

~ saliva, sémen etc.

Typioally; the serum level of circulating angiogenin is determined using an
ELISA test. One such test is commercially available under the frade n‘\a‘.meG
QUANTIKINE (R&D Systerns, 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 -‘gene'tical-ly‘ predis’posed to develop a
neurodegenerative disease. Typically; the neurodegenerative disease is ALS or
motor neuron disease, or variants thereof including primary lateral s¢lerosis and

spinal muscular atrophy.

DETAILED DESCRIPTION OF THE INVENTION

The nucleic acid sequence of human angiogein protéin is proyided in the NCBI

database under Accession Number M11567. The seq.uenoe 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, is provided below:

QDNSRYTHFLTQHYDAKPQGRDDRYCESIMRRRGLTSPCKDINTFIHGNK-

RSIKAICENKNGNPHRENLRISKSSFQVTTCKLHGGSPWPPCQYRATAGF

RNVVVACENGLPYHLDQSIFRRP (SEQ ID NO 15)

The sequence of the full transcript, including the signal peptide, is provided in
SEQ ID NO 16, and the cDNA sequence of the human gehe coding for the full
transcript (mature protein plus signal peptide) is provided in SEQ ID NO. 17.

Generally, the angiogenin used in the methods and products of the invention will
be human angiogenin in any Qf its doomﬂn;ented isoforms. However, angiogenin
obtained from, or based on,_Other mam111alian angiogenin genes is included
within the scope of the in,veﬁ,tion. Preferably, the angiogenin is recombinant
angiogenin, most preferably ifecombinant human angiogenin. Recombinant
human angiogenin is commercially available from R&D Systems

Inc.(Minneapolis; USA) under Catalog Number 265-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 émino 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 straightforward task to make fraglnents of ~the proteib. and assess
the neuroprotective activit)f' of such fragments using 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 angio genin
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

| 1nsert10n addltlon. deletion and/or subs’ututlon of 5 or fewer ammo a01ds mOoTe

'preferably of 4 or fewer, even more pleferably of 3 or fewer most preferably of 1

or2 ammo amdq only Insgrtion, addluon and Subsututlon w1th natural and
modified amino acids is env1saged The vanant may have consewatlve annno

ac1d changes, wheleln the amino acid being introduced is similar stmculrally,

'-Chemrcally;-er. furictionally to that being subst-ltuted" Ty-pl-cally ang-lo‘gemn o

| protems which have been altered by subst1tut1on or deletion of catalytlcally-—

1mportant residies will be excluded from the term “vanant” Detalls of such
oatalytleaflly-mportant 'res1dues. will be well known 10 those skilled in the field of
anglogenin pr'dteih modelling. Generally, the variant will have at least 70%
amino acid sequence homology, preferably at least 80% sequence homology,

more p_referably at least 90% sequence homolc’)ﬁgy, and ideally at least 95%, 96%,

97%, 98% or 99% sequence homology with wild-type angiogenin, 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 human angiogenin is one in which any 70% of aligned residues are

either identical to, or conservative substitutions of, the corresponding residues in
Wild-type human angiogenin. Speciﬁc vatia;lts 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 contents of both of these
documents, and the angiogenin mutants and variants disclosed therein, are

incorporated herein by reference.

The term ""variant’-’ is also ihtended to include chemical derivatives of
angtiogenin, i.e. where one or more 'residues Q‘f angiogenin 1s chemically
derivatized by reaction of a funetional side group. Also included within the term
variant are angiogenin molecules in which nahu'ally Qefiu_n'-ing amino acid

residues are replaced with amino acid analogues.
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A flagment or vanant of anglooemn wﬂl be con31dered to be 11europrotect1ve
when use of the fragment or variant in the m-vm'o model of neurode pener atlon

desctibed herein increases cell viability 'c.Qmpa-lted; with 4 Corttol. -

Proteins and polypepudes (including vanants and ﬁagments thereof). of and for

useinthe mventlon may be generated Wholly or:partly by’ chen:ncal synthe31s or'.

by exp1 essmn from nuelelc acid. The proteins and: peptldes of and f01 use in the
present : mventlon can be readlly prepated accordmg to well-eqtabhshed standard
11qu1d 0t, preferably, solid-phase peptlde synthesis methods known in the art (see,
for example J. M. Stewart and 7. D. Young, Solid Phase Peptlde Synthesis, 2nd
edition, Pierce Chemical Company, Rockford, Illinois (1984), in M. Bodanzsky

and A. Bodanzsky, The Practice of Peptide Synthesis, Spri moer Verlag, New
York (1984).

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

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

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

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

neurodegenerative disease, Typically, the neurodegenerative disease is selected
from the group comprising: motor neurone disease; prion disease; Huntington’s

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

dementias; Alzheimer’s disease; Multiple sclerosis (MS); hereditary

neuropathies; and diseases involving cerebellar degeneration. In a particularly
prefeﬁed embodiment of the invention, the neui'odegenerative disease 1s
amycjn‘ephi'e lateral sclerosis ;(ALS)‘ of motol‘ neuronie di'_sease;,. or varients thereof
inc'ludi'ng_ primafy lateral sclerosis and s§i11al muscular ati‘opliy;, The methOdof
the invention is especially suited for treating or pre{'enting ALS. T-he term
“disease or .cqndit-ien characterised by neuronal m_]ury or death, or exenal,
degeneration” should ideally be taken to exclude Ce'ntr_el Nervous System '(.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 disedse or condition characterised by newronal death -
1S selected from the group comprising: multlple scler051s (MS) epllepsy,

schlzophLema and, diseases or conditions agsociated Wlth inborn errots of

* métabolism. -

In this spemficatwn the terrn ‘amount effectwe” should be taken to rnean an
amount which results in-a clinically si gmﬁeant reductlon or preventlon of

neuronal injury or death, or axonal degenerat,lon.. Sultabl3f, the angiogenin or

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

and 10 mili grams per m_l, preferably between 10 mictograms and 5 mili g:rams per
ml, m“,oxje prefderably between 100 micro grams and 2 niiligrams per mil.
Typic.ally, it is given as a bolus dose. However, when continuous infusion is used,
such as by il}tratheeal pump, the protein, or fragment or variant thereof, may be
administed at a dosage rate of between 5 and 20 pug/kg/minute, preferably
between 7 and 15 pg/kg/minute. In the context of fhe therapeutic aspects of the
present invention, the term “individual iI; need thereof” shall be taken to mean an
individual who 1s afflicted with a disease or condition which involves neuronal

degeneratiori 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 of the invention an individual in treated with angiogeni‘n by
direct delivery of the pmtem by a means selected from the group: mtravenous
delivery; oral delivery; mtramusculal dehvery, intrathecal delivery; and Jnhaled
delivery. Methods for achlevmg- these means of delivery will be well known to

those skilled in the art of drug delivery. Specific examples dre provided below:
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e Delivered intrathecially by mini-osmotoc pump. (ref: Ignacio et al., Ann.
N.Y. Acad Sci. 2005 1053 1’?1 136)

e Intramuscular- Ang dehvery dlrectly mto muscle(s) by syrmge or mini
-osmotlc pump (Azzouz ¢t al, Nat Med; 2005,1 1(4):429-33).

. Int1 aperitoneal- for systemic adnnmstrauon of Ang, D1rectly administered

_tQ .peljltqne_.um by syrin ge or ..mml o_smo.,tlc pump (Kieran et.al., Nat Med
2004 10(4):402); '

v Subcutaneous- for systermc admlmstratlon of Ang Du‘ectly admlmstered
below the skin by syrmge (Remholz et al, E*(p Neurol 1999 ;159(1): 204-
16).

o Intraventricular- direct administration 1o the venﬁigles in the brain, by
inj ection or using small catheter attached to an osmotic pump.(Sathasivam
et al,, 2005 Neufopath App Neurobioi; 31(5): 467)

e Implant- ang can be prepared in an implant (eg small silicon implant). that
will release ang. Implé.nt can be placed at muscles or directly onto the

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

In an alternative embodiment, the individual may be treated with angiogenii by
transfecting the individual with an ar;gio genin 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. Methods for producing recombinant arigiogenin, and expression
vectors which express recombinant forms of the protein, will be well known fo
those skilled ifi 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;11(4):429-33) which descritie methods of delivering récombinant VEGF to
an animal model using g'l'entiviral eXpréSsi'On \_}'é]cto,'r; The gene therapy approach
embodirment involves encoding ang and an attachéd marker protein (eg a
fluorescent protein) in a virus, which will be administﬂe",red_‘ to animals and taken up
by cells whereby its incorporated into their genome and ang is expressed.

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

number).

“In one embodiment of the invention, the method includes a further step of

treating -,t,ll'je ,indiv'idual w1th VEGF, especia-lly récc‘»iﬁbi;nant_ VEGF, protein. Til,uS',

the invention also provides a medicament comptising angiogenin, or a

“neuroprotective fragment or variant thereof,; and VEGF protein, orisoforms - -
* thereof, The invention also relates to the use the medicament of the invéntion in

the manufacture o’fa medicamerit for the prevéntion or treatment of a di sease or

condition characterised by nguronal injuty or death, or axonal 'degeneration,

especially neurodegenerative 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
molecuile, a label, a drug, a toxin and/br a carrie_r or transport molecule.
Techniques for coypling the peptides of the invention to both peptidyl and non-

peptidyl coupling partners are well known in the art.

As described above, the Applicant has also discovered a number of nucleotide
sequence alterations (hereafter “mutations™) in the gene for human angiogenin
which are associated with neuredegenerative disease phenotype, especially ALS

phenotype. The details of the gene mutations, and the corresponding mutations in

the protein, are provided in Table 1 below:
Table 1

1 A191T K401 8

2 A107T Q12L 9

3 A122T K171 10
4 A121G K17E 11
S G164A R3IK 12
6 C189G C39W 13
7 A208G 146V 14
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# The sequences of the mutant anglogemn genes p10v1ded 1N SEQ ID NO’S 1 to 7

'~ gorrespend w1th the codmg for the full transcmpt of wxld-type anmogenm (SEQ
_ID NO 17 ); but mclude the mutatlons mdlcated above

** The numbe1 ing used is calculated from the first nucleotlde of the cDNA

.sequence encodmg the full transcrlpt (SEQ: ID NO 17)

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

angiogenin peptide (SEQ 1D NO 15) provided above.

The ;nucieic' acid sequence of the mutant genes (including coding for the signal -
peptide) are provided in 'SEQ ID NO’S 1 to 7. The amino acid sequence of the
mutan’; proteins encoded by S?.id niutant genes aie¢ provided m SEQ ID NO’S 8 to
14, The details of the disease-associated mutations are useful Lfor designing
nucleic acid probes or primers which may be used to detect the mutant forms of
the genes in individuals. For examiple, a nucleic acid probe may be designed
which binds spécifically to a sequence of the gene which incliides one or more of
the mutations (i.e. it either binds s_pecifically to the mutant gene and not to the
wild-type gene, or it binds preferentially to the mutant gene as opposed to the
Wil'd«'-ty'pé). Typically, the prObe will have a nﬁqleiq acid seqﬁencc which is
complementary with a sequence of the gene which includes one or more of the
mutations identified in Table 1. Suitably, the probe comprises a nucleic acid
sequence which liybridises under conditions of ,suitaiﬁle stringency to at least 7,
preferably at least 14, more prefgrably at least 25, 50, 75, 100, 150, 200, 250,
300, 350, or 400 consecutive nucleotides of the sequerice of the anigiogenin gene

which includes at least one of the mutations,

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

which includes 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

nuclelc ac1cl amphﬁcatlon 1deally RT PCT ampllﬁcauon In one embodlment

the ohgonucleotlde con51sts of preferably at least 7 ; preferably at least 14, more
preferably at least ”5 50, 75 100, 150,.200, 50 300 330, or 400 consecutlve
nucleotides. T he 1nvent10n also relates to uses of the probes or pnmers of the

invention in assessing whether an individual is atﬂ.ec.ted- with, or genetically .

‘predisposed to develop; a diseasé ¢t condition charactérised by neyronal injury or
“death, o'r axon'al -‘degeneration especially neurodegenerative diseases such as ALS

or motor neurone dlseases or vanants thereof. F01 example a sa.mple of neuronal.

calls frorn an 1nd1v1dual may be isolated, the DNA extracted and then assayed
using a probe of the 1nvent10n for the presence of one of the mutations indicated
in Table 1. Likewise, an oligonucléotide prirner of the invention may be ‘used to
perform RT PCR on the DNA. sample. As the primer is designed to bind with the
target DNA only when a desired mutation is present, 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 wall known to a person Ski_lled in the ait,

The invention provides methods of treatment and prevention by administration to
a subject 1n need of such treatment of a therapelitically or prophylactically
effective amoﬁnt of angiogenin, or a variant or fragmeﬁt, -thereof (hereafter
“therapeutic™). The subject is preferably an animal, including, but not limited to,
animals such as monkeys, cows, pigs, horses, chickens, cats, dogs, etc., and is

preferably a mammal, and most preferably iuman..

Apart from the specific delive_ry' systems embodied below, various delivery:
systems are known and can be usecl to administer the therapeutic of the invention,
e.g., ‘ellc'apsul_ation in liposomes, mi,croparticles.,, microocapsules, recombinant célls
‘capeble of expressing fhe Thel*epeqtie, 1'eceptor-mediated endocytosis (see, e.g.,
Wu and Wu, 1987, J. Biol. Chem. 262:4429-4432), construction of a therapeutic

nucleic acid as part of a retroviral ox otlier vector, etc. Methiods of introduction
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include but are not limited to intradermal, intramuscular, intraperitoneal,

mtravenous. subcutaneous 1ntranasal epldmal and o1al routes, The compounds

may be adrmmstered by any oonvement toute for exarnple by mfusmn or bolus
1n_1eot10n by absorptlon through ep1thehal or mucocutaneous hmngs (e 84 otal
niucosa, reotal and 1ntest1nal mucosa, etc. ) and . may be administer ed together with

other biologically active agents. Administration can be systemic or.local. In

- addition, it inay be desirable to introduce the -phar‘ma‘céuti'caﬂ*céthp‘os'iftio‘r’is‘ of the -
slnventton into the oontral Nervous system by any suttable route, 1nolud1ng

_1ntraventrlcular and intr athecal 1113 ection; intr aventrtoular 1n_] ection may be

facﬂltatod by an 1ntraventr1c ular oatheter for ehample attaohed to a réservourr,
such as an Ommaya reservoir. Pulmonary admm-l_s.t‘ratlon can also be entployod,_
e.g., by use of an inhaler or nebulizer, and formulation with an aerosol'izilig |

agentf

In a specific embodiment, it may be desirable to administer the pharmaceutical
oontpositiOns 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,
nen-porous, or gelatinous material, including membranes, such as sialastic

membranes, or fibers.

In another embodiment, the therapeutic can be delivered In a t&esicle? 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 g_ener'o:lly ibid.) .

In yet another embodiment, the therapoutio can be delivered in a oontl‘olled
r.eloaso system, In on'e embodiment, a pump may be used (see Langer, supra;
S,o‘f‘ton', CRC ‘,C,rit. Ref. Biome.d., Eng. 14:201 (1987); Buchwald et al., Surgery
88 75 (1980); Saudek et al., N. Engl. J. Mod 321:574 (] 989)). In another

embodiment, polymeric materials can be used (see Medical Applications of
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Controlled Release, Langer and Wise (eds.), CRC Pres., B.oo'a Raton, Fla. (1974);
Controlled Drug Broavarlablhty Dmg Product Deslgn and Performance Smolen

and Ball (eds ) Wlley, New York ( 1984) Ranoer and Peppas 1. Maor omol SCI
Rev Maoromol Chem. 23; 61 (1983) see alqo Levy et al., Smence 28: 100

(1985) Duung et al, Ann Neurol, 25: 351 (1989) Howard et al J Neu:rosurg

71:105 (1989)) In yet another embodrment a controlled release system can be
fplaoed in pr ommlty of the: ther apeutrc target; thus requmng only a frac‘uon of the

-systermc dose (see e.g Goodson- in Medroal Appheatrons of Controlled

Release supra vol. 2 pp 115- 1:)8 (1984)) Other controlled release systems are

'dlsoussed in the review by Langer (Science 249:1527-1533 (1990)).

[na Speoiﬁc embodiment where the therapeutic i1s a nucleic acid encoding a
protein therapeutic, the nucleic acid can be administered by gene therapy methods

as described herein,

The present invention also provides pharmaceutical compositions comprising
angiogenin, or a variant or fragment thereof, Such compositions coniprise a
therapeutically effective amount of the therapeutic, and a phan‘naoeutically
acceptable carrier. In a specliic e’rnbodiment, the term " pharmaoeutioally |
acoeptable"l means approved by a regulatory agency of the Federal or a state
Oovemment or listed in the U.S. Pharmacopeia or other generally recognized

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

The term "carriet" refers to a diluent, adjuvant, excipient, or vehicle with which
the therapeutic is administered. Such pharmaceutical .o'arriers can be sterile
11qu1ds such as water and oils; including those of petroleum animal, vegetable or
synthetlc orlgln such as peanut oil, soybean oil, mmel al oil, sesame il and the
like. W ater is a prefers ed carrier when the pharmaceutroal oomposrtlon 18
ad1n1nrste1ed 1ntravenously Sallne solutions and aqueous dextrose and glycerol
solutions can also be employed as liquid carriers, partrcnlarl_y for Inj jectable

solutions. Suitable pharinaceutical excipients include starch, glucose, lactose,
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sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate; glycerol

,monostearate tale, sodium chlonde dried sklm milk, glycerol, propylene glycol,

water, ethanol and the hke

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

‘emulsifying agents, or pH buffering agents. These compositions ¢an take the
 form of solutionis, suspensions; emulsion, tabléts, pills, capsules, powders,

sustained-release formulations and the like.

The cOmposi‘ti‘on can be formulated as a suppository, with traditional biﬁders and
carriers such as triglycerides, Oral formulation can include standald carriers such
as pharmaceutlcal O'rades of manmtol lactose starch, magnesmm stearate
sodiwm saccharine, cellulose, magnesium Cal'bonatez etc. Examples o.f_ suitable
pharmaceutical carriers are desctibed in "Rem_‘ington-'s Phaitnaceuitical Soiences"
by E. W. Martin. Such compositions will contain a therapeutic‘ally effective
amount of the therapeutic, p’r’efe'rably- in pu.ri-ﬁed form, together with a suitable
amount of carrier so as to provide the form for proper adhl'injstrjation to the

patient. The formulation should suit the mode of administration.

Ina prefen'ed embodiment, the _comp,ositi,on is formulated in accordarice with
routine procedures as a pharmaceutical composition adapted for intravenous
adiministration to human beings. Typically, compos_itions for intravenous
administration are solutions in sterile isotonic aqueous buffer. Where neGes’s‘afy,
the composition may also include a solubilizing agent and a local anesthetic such

as lignocaine to, ‘ease pam at the site of the 1nje ectlon Generally, the moredlents

are supphegl-e,lthex ,sepal_ately or mixed together in unit dosagefonn,_ for example,

as a dry l,_yophili-zed powder or water free concentrate in a hermetically seal‘,ed

container such as an amipoule or sachette indibe'i:ing the C1uantity of active agent.

Where the composmon is to be admlnlsteled by iiifusion, it can be d13pensed with

an infusion bottle contammcr sterile pharmaoeutlcal g1ade water Or saline, Where

the composition is adrmmsteled by mjectlon an ampoule of stenle ater for
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injection or saline can be provided so that the ingredients may be mixed prior {o

- admimstration.

~ The therapeut1es of the invention can be formulated as neutial or salt forms

Pharmaceutlcally aeeeptable salts include those formed with {ree amino oroups

such as those derived from hydrochlone phosphouc acet1c oxalie, tartanc aclds

o "heth and those formed wnh free calboxyl gmups such as those denved 1'1 om

10
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20

30

stlum', potassmm, ammenl.urn, calcium, férric h}’dr,oxldes, '1's_0p_r.0pylam1ne_,

tri‘ethy.'la.tnine, 2-ethylamino ethanol, histtdine, procaiﬂé, etc.

The amount of the therapeutic of the invention which will be effective in the
treatment ofa pa1t1cular dlSOI der or condltlon will depend on the nature of the
dlSOl der or condition, and can be determined by standard chmcal techniques. In
addition, in vivo and/or in vitro assays may optionally be employed to help
predict optimal dosage ranges. The precise dose to. be employed in the
fennulz;itiOn will also depend on the route of administration, and the serrousness
of the diséase or diso’rder_; 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
conitainers filled with one or more of the ingredients of the pharmaceutical
compositions of the invention. Optionally associated with such containex(s) can

be a notice in the form prescribed by a governmental agency regulating the

manufacture, use or sale of pharmaceuticals or biological products, which notice -

reflects approval by the agency of manufacture, use or sale for human

admlmstranon
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BRIEF DESCRIPTION OF THE FIGURES

F1gure 1 shows the pedlgrees for selected patlents w1th ANG mutatxons

'Mutatlons are" 1nd1cated usmo smgle letter ammc ac1d code: Plobands are

'md1cated by arrows cn cle; female squale male; Open symbol unaffected-

shaded symbol affected dlagcnal hne deceased Cc, control astertx mutatlcn'

: Cunent age or aoe at death and cause of death is 111d1cated Drnt dement1a MI{

| myocard1a1 infirction; EMG, normal electrcmyegram

Fi gure 2 illustrates the three-dimensional structure of ANG showing the modeled
mutat1ons Q12L R17E I\l?l R31K, I\4OI and Il46V in ball and stick

1ep1esentat10n The ﬁgme was c1eated using the program PyMOL (DeLano
Scientific, San Carlos, CA).

Figure 3. MTT assay. An MTT assay was used to determine the neuroprotectlve
effect of angiogenin treatment in an m-vmo model of motoneuron deoenera’uon '
Cell viability in treated cultures was expressed as a percentage of .cel..l viability n
untreated sister cultures (controls). As can bé seen exposure to AMPA tesults in a
significant decrease in cell viability, howéver co-treatment or pre-treatment with
angiogenin (100ng/ml) significantly increases cell viability. Exposure to
angiogenin of BSA aloné has no significant effect on cell viability. .(values =
mean, error bars = S.E.M., N=24),

Figure 4. Western blot for phc'sphorylated Akt. The activation of the PI3K/Akt
pathway was examined by westem blot for phosphorylated Akt As can be seen
there is a s’uomor increase in phospho Akt expression. in AMPA eXposed cultmes
co-treated or pre-treated with angiogenin. This suggests that the néureprotective
effect of | angiogenin involves signalling throu'gh the PlBKZAkt signalling
pathway.
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EXPERIMENTAL

Genotyping Da_ta

"The A‘pp]ieant'has previously identified chromosome 14911 2 as a candidate region for

'amyotmphm lateral Seleros1s 1n the Insh and Scottlsh populauons (Greenway, M J. er al

l
.l|'

 Neurology, 63, 1936-1938 (2004) Haywaid, C. ef al Neiirology. 52, 1899-901 (1999) ) an

10

20

to
th

30

lave 1eported an assomanon of ALS with the rsl 1701 smgle nucleotlde polymorphlsm |

| (SNP) n the I_-11sh ALS .populat;qn (Gieenway,~ M,]. -ez‘ al, Neuz--olqu.). Gengtyplng of the

rs11701 SNP in 1629 individuials with ALS and 1264 controls from 5 independent

pOpulatlons (Table ’7) conﬁrmed the assoc1at1on In the I 1sh and Scottlsh ALS populat10n<

SNP is a synonquus sub,st-ltutlon in ANG‘, a-one exon gene Whose -prpduet_ 1S expl‘essed i

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

Sequencing of the human angiogenin gene (hereafter ANG) in the eame populations
identified 7 missense mutations in 15 individuals of whoth 4 had familial ALS and 11
‘speradic * ALS, (Table 3). These individuals were all negative for sup.,erexid'e dismutase |
mutetioﬁs. Altht)ugh mutations were present in indiﬂ7iduals from all 5 populations, 1_2-0f 1
affected individuals were of Scottish or Irish descent (Table 3). To 'theA‘ppIi,cants
knowledge ANG variants have not been _previeusl_y associated with human disea;se. ALS-
associated mutati_oﬁs were not identified in _2.5,28 ethnically matched control ehl'emoso,lne:

and segregated with disease in one family (Fig. 1.). All patients enrolled in the study had

~ typical ALS, although a hi gher than expected proportion (60%) of individuals with ANG

mutations.had bulbar onset dlsease However, Spemﬁc mutations were not assocmted w1t

site of onset the C39W mutation was observed n tWo mblmgs one.of whom had confn'me

clinical fec,tures, of limb onset and the other bulbar onget ALS.
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Three shaled haplotypes were observed across the ANG locus and ﬂankmo reglon
in Insh and Scottlsh 1ndi’viduals w1th kl?I (SB 84), K40] (SS 89 and SlO) and

I46V (Sll E2 and F3) mutatlons respectlvely, 1nd1eat1ve of a founder effect in

.each case. A unique shared haplot-ype for the K1 7E *mu_t‘cl,tlon: -was 1_dent1ﬁed in

individuals of Swedish and Northern Irish ethnicity (S5 and S6).

ANG a 123 amino acid 14 lkDa protem IS a potent 1nducer of
neovasculeu 1sat10n n vive and member of'the pancreanc rlbonuclease A (RNase
A) supeltannly (Fett J.W. etal Bzochem 24 5480- 5486 (1985) YThe RNas_e |
activity of ANG is important for its biological at:ti\,éity (Sh,apii'o; R., Riordan, I.F.

- & Vallee, B.L. Biochem. 25, 3527-3532 (1986)) ANG variants with decreased

RNase aCtiv.-ity invar'iably have redn'eed an'giogenie activity '(Silapiro, R, Fox,
E.A & Riordan, J.F. Biochem. 28, 1726-1732 (1989) Shapiro, R & Vallee, B.L.
Biochem. 28, 7401-7408 (1989))ANG is expressed in the neuroaxis. Hewever, 1S
mechanism of action is yet to be established. In endothcélium ANG organis'es'c:ell
formation into tube-like structures, induees secondary mess'engers, and supports
endothelial cell adhesion and spreading. In steps that are critical for angi'o_gellesis,
ANG is :intemal‘ised by endothelial cells and transported to the nucleolus
(Mo'rioanu, J. & Riordan, J.F. Proc. Nat! AcadScz‘ USA. 91, 1667-1681 (1994) )
where it stimulates tfRNA transcription, a 1‘ate-li1niting step in ribosomé
biogenesis, protein translation and cell growth. Endogenous ANG is required for
cell prOliferat-iOn induced by other an‘giogen'ic 'prote'ins such as vascular |

endothelial growth factor (VEGF) (Klshnnoto K., L, S Tsujl T., Olson, K.A.

& Hu G.F. Ozzeooene 24, 445 456 (2005) Downregulatlon of ANG by small
-lnterfel 1ng RNA (81RNA) and antisense ohoonucleotldes decreases VEGF-

1nduced rRNA transcr iption and 1nh1b1t10n of nuclear translocatlon of ANG
abohshes VEGF’s angiogenic activity (stlnmoto K., Lm S. TSU.J] T., Olson
R.A-. & Hu, G.F. Oncogene. 24, 445-456 (2005).
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Crystal structure ana1y31s of ANG has pr ovided clear evidence of RNase A

' fold and conservatlon of H13 1\40 and Hl 14 the catalytlc tnad (Acharya K R., 5 |

Shaplro R., Allen, 8.C., R101dan JF.& Vallee BL Proc Natl Aicad. Scl USA -

91,2915-2919 (1994) Five of the missense mutatlons 1dent1ﬁed 1n 11 1nd1v1duals'

_ w1th ALS affect functlonally 1mportant res1dues that are evolutlonary hl ghly .

| 'V‘conserved in ANG and RNase A (Q1’7L K17I K17E C39W and 1\401) (Flg 2). .

‘“ .Ix40 n AN Gisa cr1t1cal res1due nvolved 1n catalysm (Shaplro R, Rlordan JF' .
&V allee B. L. Bzodzem 25 352’7 3532 (1986)) Replacement of K40 by Q ora

- conselvatlve substltutlon by R decreases the nbonucleolytlc actmty by a factor 2

x 10 (Fett IW. et al Bzochem 24 5480--5486 (1985) and 50- fold respectlvcly
(Shaplro R., Fox, EA. & R101dan J.E. Biochem. 28, 7401-7408 (1989) Without
being bound by theory, 1nolecula1 modelhn'D of the K4OI substitution suggestq that
several key interactions are -.lcst due to mutatlon, p1cd1ct1ng loss of ribonucleolytic
activity (Fig. 2). C39W causes significant structural charge due to loss of
disulfide bridge formation with C92 (Fig. 2). Dismptidh of this disulfide bridge
woulld likely a‘ffect protein folding resulting in lower ribonucleolytic actifvit_y. Q12
interacts with the active site residue K40 in the native structure (Fig, 2). Q12L
substitutioh wo,ul.d disrupt this interaction __and' make it enzymatically .less' active.,
Residue le 7 in ANG 1s distantly positioned from the active site in a '.]loop on the
surface of the moll_,ec‘ule (F 1g. 2). Tt is unlikely that variants K17 to I or E have
significant effect on the structure; However, previous study on a ANG-RNase A
hybrid dchmnstrates a conserved region ccntaining K17 is involved in the activity
of ANG against intact ribosomes. This suggests that I/E variants of K17 may alter
ANG act1v1ty (Bond M.D. &Vallee B, L Biochem. 29, 3341-3349 (1990).

In addition to the catalytic centre, ANG -possesses a nuclear translocation

s1te that contains sequence (31RRRGL35) 1nvolved in transport of ANG to the

nucleolus followmg uptake by endothelial cells. R31A is tianclocated much less

efficiently than the native protein (Shapiro, R. & Vallée, B.L. Biochem. 31.,
12477-12485 (1992). It is predicted that the R31K variant may have a role in
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nucleeu translocation but would cause only minor pemubatton in the stracture. 146

is not fully conserved and is predtoted to cause the least structutal change

Like VEGF, ANG is .i.nduce‘d | by hypoxia to e}i’cit’ angio ge‘ﬁesjs and is

5 ‘expressed in motor neurons. Deletion of the hypoXic response element of the

VEGF promoter Causes a motor neuron dtsease phenotype 1n lmce ( Oosthuyse B L

et aZ Nat Genet 28, 131- 138 (” 001) and 1eplacement of VEGF is beneﬁc1a1 in
SODG'93A rodent models (Azzouz, M. et al. Nature 429 413-417 (’7004)
Storkebam E et al Nat New osci 8, 85 92 (2005) Gene-based thetapy using a
10 VEGF e*ipressmcr lentiviral vector MoNqu® is being developed for human use
by Oxford B.tomedlca.. Although‘VEG'F 1S a pptattve modifier of ALS, mutations
in the gene have '\-ﬁot been found in patjents with ,A-LS,- By contrast, the Applicant
has ideﬁtiﬁed loss of function AN G- mutations as a clear sﬁsoeptibi_lity factor for
the development of ALS. ANG mutations may cause autosomal dominant ALS

15  and low penetrant disease masquerading as ‘sporadic’ ALS.

Cell Model of Motoneuron Degeneration

Methods

20  Primary motoneuron cultures at 7 days in-vitro wetre 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 125:427- 439) To examine the possfble neutoptotectlve effect of
angtogenm we exammed the effect of 1) pte-tteatment and 1i) co-treatment W1th

' 25 anglocremn (R&D systems) in the cultme medlum at conceritrations of 25ng/ml .
30ng/ml 100ng/ml, OOng/ml and SOOng/ml As contt ols, 51ste1 cultures were
used that were either une\{posed or exposed to angtogenm (at same
concentrations as detailed above), or- eXposed to BSA (bovine serum alburnin,
Sigma).

30 |
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In tlus study an, MTT cell v1ab111ty assay was perforrned MTT (Stgma) dlssolved |
_1n PBS (’img/ml) and dlluted 1:10 in culture medlum was added 1o cnlttues and |
,-mcubated f01 4 hours at 37C Aftel 1ncubat10n the 1ned1a Was replaced W1th ;
1sopr0pan01 contalmng 0.04M HCl Emlsswn values were then read on a mIOIO- |
ELISA plate reade1 at 570mn Cell v1ab111ty in treated cultures was expressed as a.

- percentage of cell Vlablllty 1 untreated s1ster cultules (100%) and 1esults were'“ -

compared for mgmﬁcance using & Mann Whltney U«-test

To examine the signalling pathway involved in mediating the neuroprotective

effect of angio genin, the activat_icn of the PIBK/Akt 'pathWay was examined using

western blotting. In particular, we examined the ~activation of Akt, as

demonstrated by its phosphotylation. Primary motoneuron cultures eXpose d to
AMPA, AMPA and angiogenin, or angiogenin alorie (as described above) were
lysed and protein extracted. Protein concentration in each experimental condition

was determined using a Micro BCA Assay (Pierce). Samples were run on a 10%

- SDS gel and transferred onto nitrocellulapse membranes, and were probed ‘with

antibodies to Akt and phd_spho-Akt (both Cell Si-gnallzing). Blots were vistalised

'using the' EC,L system. ‘Equall protein loading was confirmed by 1“e-p1fcb_ing blots

with antibcdies to alpha-tubulin (Sigma).

1. The neuroprotective effect of angiogenin in an in-vitro model of motoneuron
degelneratictl-and stroke.

a) Using an MTT cell 'viability aSSay the effect of increasing conc‘e‘ntratibﬂs of
anglogemn was exarntned in an in-vitro model of motoneuron degenelatlon
whe1e pumaly motoneuron cultures were exposed to SOuM AMPA for ’74hls It

was found that the optimum concentration of anglogemn tc demonstrate |

neurcprctective effect was 100ng/ml. Exposure of primary motoneuron cultures

to 50uM AMPA for 24hls is a well described n-vitro rnodel of motcneulon

“degeneration (Kietan and Greensmith, 2004) As can be seen in Figure 3,
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exposme to AMPA resultq ina 31g111ﬁca11t decrease in cell v1a,b111ty to 38. 5% (+/-
3, 3 S E. M n“”4 p-<0 05) However co-treatment or pre-treatment W1th
- 100ng/mil anglooemn 51gn1ﬁcant1y 1ncreased cell vlablhty to 8” 5(+/-3.9 S EM, .
n—-24) and 92. 3% y (+/- 4. 8 S.EM,, n"...4) respectlvely (p=<0 05) Treatment of

5 prlmary motoneuron cultures thh elther angiogenin or BSA had no. significant
L ‘cfff:s;te on s:e-ltlx viability.

2. The role of Akt in anglogemn 1 gnallmg .

Usmg western blottmg, the cell survwal pathways involved in medlatmg the

10 neuroprotective effect of anglogemn were exam-l'ned. In _partlcular the activation
of the PI3 K/Akt cell survival pathway was examined by e‘Yamin'ing‘ the
expression of the active form of Akt (phosphorylted Akt). As can be seen in
Figure 4 the level of actlvated Al\t (phosphorylated Akt) is increased in AMPA
exposed cultures co-treated W1th -angiogenin, ~epmpa1 ed to AMPA-only or

15 mlg‘iegenin-olﬂy treated cultures. This increase in the activated form of Akt
demonstrates that the neuroprotective effect ef ahgio genin‘ in this in-vitro model

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

Animal Model] of Neurodegéneration

20 '

| Treatment regimes:

Angiogenin '(eng) (R&D Systems Inc., Minneapolis, USA - Catalog Number 265-
AN-250) is administered to mutant SOD1 (mSOD1) mice, a mouse model of
ALS/MND ('Gurhey et al., 1994 Science 264:1 772-5) These mice may be

25 obteine!d;from'T he ‘Jz’mk‘éo‘h Lahora’cdr)?- Maine, 'US'A These mice develop an
ALS-like phenotype of progresswe motoneuron degeneratlon and hmdhmb
.paJ aly31s Wthh very closely mmncb the chmcal situation. The disease

progresses 1ap1dly in these nice, and they have a much reduced h-fespan of
approxmlateyl 125 days (K1e1an et al Nat Med, 10: 402 5). The effect, of

30 comimencing ang treatment at dl,fferent d1sease stagés 18 exammed These stages
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.are 1) ple-symptomatlcally (from 3§-davs) 11) eaxly-symptomatle stage (from 70-
| days) or 111) late-symptomanc stage (ﬁ om 90-days thlS pomt most clo se]y
-~ mimics clinical situation as patients only. see neurolo glst at rmd-late stage ie.

-wh‘en paralysis ewdent). Anglqgemn, is .ad-mmxstered {0 ammals of -the' same sez__i

from a number of litters, in order to prevent sex differeiices distorting the results,

~ Routes ot adJnlmstratlon

1. Intrathecal Ang de hvely dn‘ectly to the qpmal cmd
Animals have ang admlmstered mtrathemally by syrmge ThlS 1nvdlves exposmg
the spmal cord i in anaesthetl_se,d animals b_y performing a ]amlnectomy to create a

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

through the meninges into the space surrounding the spinal cord. The syringe will

not penetrate the spinal cord.

Alternatively, .the animals have ang delivered intrathecially by nﬁni-osme:toc
pump. Animals are ‘anaesthetised, and a l,amiﬁectomy is perforined to allow a
small catheter to be inserted intrathecially. This catheter is attached to a mini-
osmotic pump containing angiogenin, These pumps are very small ird size and
su1table for insertion into small rodents such as mice. The pum;a is located
overlymg the spinal cord, and ano is 1e1eased over a defined length of time,
depending on the size of the pump and the volume it can hold. (-Ignaclo_ et al.,
Ann. N.Y. Acad; Sci. 2005, 1053: 121-136).

In the situatien that recombinant ang 1s to be adniiniste_fed, first examine effect of ‘
different concentration and then optimal delivery regime (ie administered
continuously (osmotic puilnp ~woﬁ1d allow for this), daily, twice daily, weekly,
fortmghtly, every other day ete. For contmuous mfuswn recombmant anglogenm,-
is mfused at a rarige of doses between 5 and 20 ne fkg/mmute Othermse the

angiogenin is admisnistered at a range of doses between 0.1 and 2 mg/lcg

Determining effectiveness of treatment:
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To determme whether ang treatment 1s effecuve in rnSODl mlce, d1sease

plogresswn and hfespan in ueated mSODl m1ce is compared with. u.ntreated'

mS ODI ' httermates- Momtormg dlsease progress:on | 1-ncludes fnnctlonal .

assessment of locomotor ab111ty and muscle function, as well as body we1ght |

general appeara ance and motoneuron survwal (I\leran et al., 2005 004) Llfespan

il be & meastireiof the --numb..e:r of days the animal lives for.

ResultS' Angxogemn 1S released from the pUMPS and syrlnge and taken up by cells

1n the Spmal cord Thls is momtored by taggmo the Ang protem with a .

fluor escent nmker Admmlstratlon of Ang du~ectly to the spinal cord will reduce
the possibility of Ang admlimstrat‘lon having carcinogenic effects, compared to-

systemic Ang administration.

. The invention is not limited to the embodiments hereinbefore described which

may be varied in construction and detail without departing from the spirit of the

invention.
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CLAIMS

1. Use of anglogemn ora neurom otectlve ﬁaoment or var 1ant thereof in
" the manufaoture of a medlcament for the treatment or pr eventlon of a dxsease |

- or condltlon charactex 1sed by neur. onal m_yury or death or axonal

degeneration.

2. qu as c]almed in Clalm 1in wh10h the anglogenm is wﬂd-type human

angiegemn | S

3. Use as clalmed n Claun l or m whlch the d1sease or condition

characterlsed by neuronal injury or death or axonal degenelatxon 1S a

neurongCn‘el ative disease.

4. Use as claimed in Claim 3 in which the neurodegenerative disedse is
amyotrophic lateral sclerosis (ALS) or motor neurone disease, or variants

thereof including primary lateral sclerosis and spinal muscular atrophy:.

5. Use as claimed in Claim 3 in which the neurodegenerative disease is

selected from the group comprising: motor néurone disease; prion disease;
Huntington’s disease; Parkinson's d_i'se,asg; Al‘zheilne.r’s dis'easge; Multiple
sclerosis (MS); hereditary neuropathies; and diseases involving cerebellar

degeneration.

6. Use as claimed in any preceding Clalm in which the individual is

'treated with anglooenm (or a fragment or varlant théreof) by dlrect mtratheca]

dehvery of the protein.

7. Use of a nucleic acid molecule encoding angiogenin, or éncoding a

neurOprotectwe fraoment or val lant.of anglogenln 1n the manufactu!e of a

medwament for the treatment or prevention of a dlqease or oondmon

charactellsed by neuronal Injury or death, or axonal degeneratlon
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- 8.7 Useas clalmed in Claim 7 1n, Wthh the nucleic acid molecule s & DNA )

molecule

5 9. . Useas ‘ol',a-ime& in Clalm 7 in which the DNA mole(:ule has a nu’cleotide
sequence shown in SEQUENCE.ID NO. 17.
10, ' Use as claxmed in any of Clalms 7 to 9 in whloh the d1sease or

cond1t10n characterlsed by neuronal In ury or death or axonal degeneratlon is

10 a neulodegenel atlve dlsease

11, . Use as claimed in Claim 10 in which the -neurOdegenerative disease is
amyotrophlc lateral sclemsm (ALS) or motor neurone dlsease Oor variants

ther eof including primary lateral scleroms and spmal muscula1 atrophy
5 |

12. Use as claimed in Claim 10 in which the néurodegenerative disease 1s
selected from the group_comprisin'g:_ prion disease; Huntington’s diseasé;
Parkinson’ s disease; Alzheimer’s diseosc; Multiple sclerosis (MS); hereditary
neuropathies; and diseases involving cerebellar

13, An isolated nucleic acid molecule comprising a nucleic acid sequence
selected from the group comprising: SEQUENCE IDNO’S 1to 7. :
14.  An isolated nuclei¢ acid molecule as claimed in Claim 13 consisting

25 os_s«f:_n'ti_a‘lly of a nucleic acid sequence selected from the group comprising:
SEQUENCE ID NO.":S. 1t0 7.

15. An isolated po_lype,pt'ide comprising an amino acid sequence selected
- from the group comprising: SEQUENCE ID NO’S 8 to 14.
30
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16. - An isolated polypeptide as claimed in Claim 15 and Sonsisting

; -eqsentlally of an-amino acid sequence selected from the group compnsmg

SEQUENCE ID NO* SSto 14

1 7‘-.:. ' A 1nethod of assessmg whether an mdmdual N afﬂncted with, o1

geneucally pred1sposed to deveIOp, a dlsease o1 condmon cha1 actensed by

step of assaym a blological sample from the mdmdual for the presence of
any of the ANG rnutatlons 1nd1cated in Table 1

i8. A method as elanmed 1n Clalm 17 in Whlch the disease or condition

char acterised by neuronal injury or death or a\onal degeneratlon, is d

neurodegeneratwe .dlsease.

19. A method as clalmed in Clann 18 in which the neur odegenerative
disease is amyotroplnc latéral sclen osis (ALS) or motor neurone disease, or
v_arlan‘ts‘ the'r'eof‘ including primary lateral sclérosis and spinal muscular

atrophy.

20. A pharmaceutical formulation comprising angiogenin, or a fragment

or analogue theréof.
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