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ABSTRACT OF THE DISCLOSURE

There is described a method of assessing whether an individual is afflicted with, or
genetically predisposed to develop, amyotrophic lateral sclerosis (ALS). The method comprises
a step of assaying a biological sample from the individual for the presence of an angiogenin
(ANG) mutation, wherein the ANG mutation is selected from: (1) A191T, A107T, A122T,
A121G, G164A, C189G or A208G relative to SEQ ID NO:17, in an ANG nucleic acid; or (i1)
K401, Q12L, K171, K17E, R31K, C39W, or 146V in an angiogenin polypeptide. The presence of
the mutation is indicative of an individual being afflicted with, or genetically predisposed to

develop ALS.
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ALS DIAGNOSTIC METHOD

TECHNICAL FIELD

- The invention relates 1o a method of treating or preventing a disease or condition

characterised by neuroﬁal injury or death, or axenal degeneration, especially
amyotrophic lateral sclerasis (ALS). The invention also relstes to amethod of
assessing whether an individual s afflicted with ALS. The 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 history
with an aﬁtosomal dominant pattem of inheritance and gain-of-function
mutations in the SOD1 gene account for 20% of these. Although the pathogenesis
is unknown, there js evidence that genetically determined susccpﬁb{lity factors
may coniribute to the development of both ALS and other non-

familial neurodegenerative diseases.

Mice with deletions of the hypoxia responsive element (HRE) of vascular =
endothelial gron{th factor (VEGF) have a 40% reduction in neural expression and
adult-onset motoneiwon degeneration, resembling an ALS phenotype. In addition
to its angiogenic properties, YEGF has direct neurotrophic and neuroprotective
effects on motoneurons and other central neurons. These observations suggest
that insufficient VEGF dependent neurgtrophic support may be of importance in
the pathogenestis of ALS in this animal model.
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Genotype meta-analysis of over 1,900 individuals from Northern Europe has
identified é.reiativé riéic‘ of 18 for the devélﬁmentldf 'ALS in'subjects
homozygous with respect to two haplotypes in the VEGF promoter/leader
s'e'quence. The at-risk haplotypes rcciuc,e VEGF transcription and result in

lowered seruni VEGF levels, To date, no mutations in thé. VEGF HRE or coding
se_quénce'_‘s'havé been identified in patients with ALS,and the significarice of low'

circulating VEGF levels remains to be determined. .

The only evidence based -treajtmeht 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 problems.

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

or condition characterised by nheuronal injuxy ordeath, or axonal degeneration.
The method of the invention comprises a step of treating an individual with
angiogenin protein, or a neurbprotective fragment or variant thereof. Suitably, the
angiogenin, or variant or fragment thereof; is administered in an amount effective
to treat or prevent the disease or condition. When the invention relates to therapy,
as opposed to prophylaxis, the individual is generally one in need of such
treatment. Suitably, the disease ot condition is a neurodegenerative disease,
typically ALS or motor neuron disease, or variants thereof -includi_ng primary

lateral sclerosis and spih@l 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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préventing neurodegenerative discase; especially ALS or motor-neuron disease,
or vatiants thereof including primary lateral sclerosis and spinal muscular

atrophiy,

The inverition alsq relates to the use of ahg_i,ogenin, ora n_(:uroprote'ctive fragment

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

ot variaiit thereof; iri the manifacture of amedicament fot the treatmentor

prevention of 4 disease or condition characterised by neuronal injury or death, or

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

or a neuroprotective fragment or variant thereof, or a nucleic acid molecille
encoding angiogenin or a fraginent or variant thereof in the manufacture ¢f a
medicament for the treatment ot prevention of ALS or motor peuron 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 shiown to be associated with ALS. These variations will be hereafter
referred to as mutations, Accordingly, the invention also relates to an isolated
nucleic acid molecule comprising 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 thee gene. The sequences as pro‘vided 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
SEQID NO'S 110 7 but excluding coding for the signal peptide (Nucleotides 1 -
72) also form part of the invention.

Polypeptide sequences cotrespending to the mutant forms of the gene are also
provided. Thus, in a fusther aspect, the inverition relates to ani iSOIétéd,
polypeptide comprising an amino acid sequence selected from the gioup
comprising: SEQ ID NO’S § to 14. The amino acid sequc‘nceé as provided m the
Sequence Listing include the signal peptide (MVYMGLGVLLLVFVLGLGLTP).

However, the invention also relates fo 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 pe.p.tide.A ._

S,p‘cciﬁc’ details of the mutations in the angiogenin gene, and the resultant amino

acid change in the mutant j)olypeptide, are provided in Table 1.

The:invention also relates 10 a method of assessing ﬁhethei' an ir';z_diV-‘ic_luja,I is
afflicted with, or ge‘r'@_tic,a,lly predisposed to develop, 2 disease or :¢6ndit_iOn
characterised by neuronal injury 61' death, or axonal degeneration, the method
cdmpriéing the step of assayihg a biological sa-mf)l_e‘froip the individlial for the
presence of any of the thutations indicated in Table 1. The invention also relates
to a kit for assessing whether an individual is afflicted with, or genetically
predisposr_:d to develop, a disease or condition characterised by neuronal injury or
death, or axonal degeneration, 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 comp.rises an

oligonugcleotide probe or primer of the invention.

The invention 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, t,he; niethod
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 cifculating angiogenin in the individual with

a pie-determined range of control angi‘og_enin 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 devclop, a disease or condition
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characterised by neuronal injury or death, or axonal degeneration. Typically, the
pre-detemuned control range is obtamed from a cohort of mdmduals not
afﬂlcted, or genetlcally predxsposed to develbp; a d1sease or condltwn
chaxactensed by neuronal i m_w,ry or death, or axonal degeneratxon. Ina p'r'eferrcdu .
embodxment, thls dxagnostlc or prognostlc method is spemﬁcal]y directed to the
diagnosis or prognosns or neurodcgeneratwc disease, espemally ALS or motor

.. ‘Deuron:disease; oy variants thereof including § prmary Tareral scleroais -arigd spmal‘ T

niuscular. atrophy While this method of. diagnosns/prognosw is deﬁne.d in terms
of measurement of serum levels of cn'culaung anglogenm, 1t w111 be. apptccxated
that the method may also be embodied by mea.Surement of angiogenin levels in
other biological fluids such as whole blood, lymph, cerebrospmal ﬂu1d, uritie,

‘ sahva, semen eté,

Typically; the. serum level of circulating angiogerin is determined using an
ELISA test. One such test is commercially availablé under the frade name
QUANTIKINE (R&D Systems, Minnneapolis, MN 55413, USA) under Catalog
No. DANO0O.

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 netrodegenerative disease; or genetically predisposed to develop a
neurodegenerative disease. Typically; the neiirodegenerative disease is ALS or
motor neuron disease, or variants theréof including primary lateral s¢lerosis and
spinal muscular atrophy.

DETAILED DESCRIPTION OF THE INVENTION

The nucleic acid sequence of hunian angiogeiiin protéin is provided in the NCBI
database undeér Accession Nuinber M11567. 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, is provided below:;

QDNSRYTHFLTQHYDAI\PQGRDDRYCESIMRRRGLTSP CLDINTFIHGNI\ :
RSIKAICENRNGNPPRENLRIShS SFQV'ITCKLHGGSPWPPCQ YRATAGF

RNV VVACENGLPV HLDQSIFRRP (S,EQ ,ID. NO 15)

The sequence of the full transcript, including the signal peptide, is provxded in
SEQ IDNO 16, and the cDNA sequence of the human gene coding for the full
transcript (matuxe 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 angiogenin in any of its documented isoforms. However, angiogenin
obtained from, or baséd on, other mammalian angiogenin genes is included
within the scope of the invention. Preferably, the angiqgen.in is recombinarit
angiogenin, most preferably recombinant human angiogenin. Recombinant
human angiogenin is commercially available from R&D Systems

Inc.(Minneapolis; USA) under Catalog Number 265-AN-250.

A "frggment" of the angiogenin protein means a contiguous stretch of amino acid
residues of at least 5 amiino acids, preferably at least 6 émino acids, Typically, the
“fragment” will comprise at least 110, 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 fméxnents of the proteﬁ:l and assess
the neuroprotective activity of such fragmeits 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 substantially identical to wild-type angiogenin
protein, typically human wild-type angiogenin. Thus, for examiple, the term

should be taken to include proteins or polypeptides that are altered in respect of
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one or more amino aciﬁ residues. Preferably such alterations involve the
insertion, addition, deletion and/or substitution of 5 or fewer amino ac,ids,, more .
preferably of 4 or fewer, even more érefeml;ly of 3 or fewer, most p:[efé'ral)'ly of 1
or 2 amino acids only. Insertion, 4ddition and substinition with natural and
modified amino acids is envisaged. The variant mAy have co_nsérvativé amino
acid changes, wherein the amino acid being introduced is similar strucrurally,
chemically, or fusictionally to that being substituted. Typically, angiogenin -
proteins which have been altered by substitution or deletion of catalytically-
impor{ant‘ residues will be excluded from the term “variant”. Details of such
catﬁlyticﬁlly-in'lpodant residues will be well known 40 those skilled in the field of
angiogenin protein modelling. Generally, the variant will have at least 70%
amino acid sequence homology, preferably at least 80% sequence homology,
more preferably at least 90% sequence homology, and ideally at least 95%, 96%,
97%, 93% 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 buman angiogenin. Specific variants included within the scope of the
invention are the mutdnt 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 “variant” is also intended to include chemical derivatives of
angtiogenin, i.e. where one or more residues of angiogenin is chemically
derjvatized by reaction of a functional side group. Also included within the term
variant are angiogenin molecules in which naturally ccourring amino acid
residues are replaced with amino acid analogues.
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A fragment or. vanant of angrocenm wrll be consrdered to be “neuroprotectrve”
when use'of the fragment or vanant in the m-vrtro model of nemodcgenemuon
desctibed herem‘lr_mrcasps cell viability c,qmparedtw_rgh d contiol. -

Proteins and polypeptrdes (including vana.nts and fragments thereof) of and for

- isedn the: mventmn may be generated wholly or partiy by chercucal synthiésis of . ¥

by expression from nucleic acid., The proteins and: peptides of and for use-in the
present iivention can be teadily prepared acc@rdmg to well—eﬂtabhshed; standard
liquid or, preferably, solid-phase peptlde synthesis methods known in the art (see,
for example, J. M. Stewart and J. D, Young, Solid Phese Peptrde Synthesis, 2nd
edition, Pierce Chermcal Compa.ny, Rockford, Illinois (1984), inM. Bodanzsky
and A. Bodanzsky, The Practice of Peptide Synthesis, Spunger Verlag, New
York (1984).

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

-against discases 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 degenerdtion, isa -
neurodegenerative disease, Typically, the neurodegenerative disease is sclected
from the group comprising: motdr neurone disease; prion diseése;_ Huitington’s
disease; Patkinson’s disease; Parkinson’s plus; Tauopathies; Chromosome 17 -
dementias; Alzheimer’s disease; Multiple sclerosis (MS); hereditary
ueuropathres and diseasss involving cercbellar degeneration, Ina partrcu.larly
prefcrred embodirnent of the invention, the neurodegenerative disease i is,
amyotrophic | lateral sclerosis (ALS) or motor neurprie drseaSe, or variants thereof
including primary lateral sclerosis and spinal muscular atrophy The method of
the invention is especially suited for treating or preventmg ALS, The term,
“disease or condmon characterised by newronal i injury or death, or axonal
degeneration” should ideally be taken to exclude Cerrtrgl Nervous System (CNS)

injury such as that caused by ischemia or trauma (i.e. stroke}-, and neurological



CA 02838516 2014-01-07

WO 2006/054277 PCT/IE2005/000131

10

15

23

9

complications associated with diabetes in & diabetic individual (i.c. disbetic

. europathy and diabetic retingpathy).

In a further embodiment, the disease or condition oharacterised by newronal death. -
is selected from the group comprising: multiple sclerosis (MS); epilepsy;

schizophtenia; and diseases or conditions associated with inbern errots of

- mitabolisa. -

In this spﬁciﬁcatidn the term “amotnt gffccﬁVe" shquld Be taken to m‘éan an
amiount whlch results in-a clinically éi‘_gni‘ﬁcant' reducnon or prevention of
neurorial injary or death, or axonal deggnération. Suitébly, the angiogenin or
‘'variant or fragment thereof, is administeréd at a dose of between 1 microgram
and 10 mi'ligxg_ms per ml, preferably between 10 micrograms and 5 miligxains per
ml, more prefderaﬁly between 100 niicrograms and 2 miligrams per ml.
Typically, itis given as a bolus dose. However, when continuous infusion is used,
such as by i_ntrathe_qal pump, the protein, or fragment or variant thereof, may be
administed at a dosage rate of between 5 and 20 pg/kg/minute, preferably
betWeén 7 and 15 pg/kg/minute. In theé context of the therapeutic aspects of the
present invention, the term “individual izi need thersof” shall be taken to mean an
individual who 1s afflicted with a disease oi 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 a3 described herein, are examples of such diseases. -

In one embodiment of the invention, en individual i treated with angiogenin by
direct delivery of the protein by a means ;sel¢¢te_c‘l fromi the group; intravenous
delivery; oral delivery; intramuscular delivery; intrathecdl delivery; and inkaled
delivery. Methods for achieving these means of delivery will be well known to
those skilled in the art of drug delivery. Spec‘iﬁc éxamples dre provided below;



CA 02838516 2014-01-07

WO 2006/054277 PCT/IE2005/000131

10

15

25

30

10

¢ Delivered inirathecially by mini-osmotoc pump. (ref: I@acio et al,, Ann.
_N Y, Acad Sci, 2005 1053 ]ﬂl 136) ‘

e Intramuscular- Ang dehvcry dxrect]y into muscle(s) by synnge or ‘minj
~osmottc pump (Azznuz ctal, Nat Med; 2005;11(4):429-33).

. Intrapentoneal- for systemic admxmstranon of Arg. Dzrectly administered
to pentoneum by synnge or. xmm osmouc pump (Iuemn et al., Nat Med
2004; 10(4):402);: - R

. Subcutaneaus- for systemic ad:mmstratmn of Ang. Dueotly adnumstered
bglow the _skm by syringe (Remholz e,t al.,’ Exp Neurql. 19991 59(1):204-
6. : ‘ ‘. 777

¢ Intraventricular- direct administration to the vcﬁirigl__es_ in the brain, by
f_njection or using small catheter attached to an osmotic pump.(Sathasivam’
et al., 2005 Neuropath App Neurobiol; 31(5): 467)

* Implant: ang can bé prepated in an implant (eg small silicon implant) that
will release ang, Implant can be placed at muscles or directly ento the
spinal cord (Kieran and Greensmith, 3004 Neurosci 125(2):427-39).

In an alternative 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 thé invention is recombinant
angiogenin, Methi_)ds for producing tecombinant arigiogenin, and expression
vectors which express tecoimbinant forms of the protein, will be well known to
those skilled ifi the art (see for example Nature, Vol 429 (2004), P413-417 and
Nature Medicine Vol 6 (2000) No 4 P405-413 arid Azzouz et al., Nat Med.
2005;11(4):429-33) which describe methods of qél;,i"vdring' récombinant VEGE to
an animal model iising a léntiviral expressioni véctor. The gene therapy approach
embodisnent involves encoding ang and an attachéd marker protein (cg a
fluorescent protein) in a virus, which will be ad.rniﬁistéxed_ to animals and taken up
by cells where'b‘y ‘its incorpprated into their genor‘n‘e,and‘_ang is expressed.
(Currently the idea would be ig overéxpréS_s. ang, and this would involve
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repeating ang sequence a number of timies in the virys to produce & high copy

n‘:‘mbet) ‘

. In one embodiment of the .inveniion, the method includes 2 further step of

treating the individual with VEGF, especially recomibinant VEGF, protein. Ths,

the invention also provides a medicament comprising angiogenin, or 2

“netiroprotective fragment or varjdn thereof; and VEGF protein, o isoforms - -
" thereof. The invention algo relates to the use the medicament of the invéntion in

the manufacture of a medicament for the prevention or treatmient of a diseasé or
condition characterised by nguronal injury or death, or axonal degeneration,
especially netirodegenerative diseases.

In one émbodiment of the therapy of the invention, the angiogenin protein (or
fragment or variant thereof) is linked to a coupling partner, .g. an effector
molecule, a label, a drug, a toxin and/or a carrier or transport molecule.
Techniques for coupling the peptides of the invention to both peptidyl and non-
peptidyl coupling partners are well known in the art. .

Ag described k‘xb'ove, the Applicant has also discovered a number of nucleotide
sequen,ce‘al_tq:at,ions (hereafter “mutations™) in the gene for human an_giogenin
which are associated with peurodegenetative disease phienotype, especially ALS
phenotype. The details of the gene mutations, and the corresponding rutations in
the protein, are provided in Table 1 below:

Table 1

1 AOIT K401 8
2 A107T Q2L 9
3 AIRT K171 10
4 ARIG KI17E 11
5 G164A R3IK 12
6 C189G CI9W 13
7

A208G 146y 14
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* The sequences of the mutant ang;ogemn genes prov1ded in SEQ ID NO’S 1 to 7

" correspond thh the codmg for the full transcnpt ofw11d~type angxogenm (SEQ

ID NO 17), but include _thq mutations indicated above.

** The numbelmg used is calculated from the first nucleonde of the cDNA

..sequence encodmg the full transcript (SEQ ] 2] NO 17)

2% The m.!l'm)c.ring ﬁsed is calculated fi‘om the ﬁrs_t_ residue in the mature
angiogenin peptide (SEQ 1D NO 15) provided above.

The nucieic aéid sequence of the mutant genes (including coding for the signal -
pepnde) are px ovided in SEQ ID NO’S 1 to0 7. The amino acld sequence of the
14, 'Ihe details of the dlsease-as,socxated mutatxpns are useful for des1gmng
nucleic acid probes or primers which may be used to detect the mutant forms of
the genes in individuals. For example, 2 nucleic acid probe may be designed
which binds specifically to a sequence of the gene which inclides one or more of
the mutations (i.e. it either binds s_peciﬁcally to the mutant gerie and not to the
wild-type gene, or it binds preferentially to the mutant gene as opposed to the
wild:type). Typically, the probe will have a n;;qleiq acid seqﬁenc_e 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 hiybridises under conditions of _suitaf)lﬁ stringency to at least 7,
preferably at least 14, more preferably at least 25, 50, 75, 100, 150, 200, 250,
300, 350, or 400 congecutive 11gcl¢oféides of tixe sequence of the‘an'g.i'og_enin gene
which includes at least one of the mutations.

Thus, in a farther embodiment of the invention, there is provided an
oligonucleotide which is complementary to a sequénce of the angiogenin gene
which includes at least ong of thie mutations indicated in Table 1. Typically, the
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oligonucleotide is a probe or'a primer. Idealiy, the primer is a primer for PRC
nucle1c ac;d amphﬁcatlon, 1dea11y RT PCT amphﬁcatxon In one. cmbodlment

‘the ohgonucleotnde cormsts of preferably at least 7, preferably at lcast 14, more

prefembly at 1east "'5 SQ, 75 160, 150, 200,-2 250, 300 350 or 400 consecuhvc
nucleotides, The mvenuon also relates 1o uses of the probes or primers of the

invention in assessing whether an individual is atﬂ¢ctcd- with, or genetically .

“predisposed fo devélopy a diseast or.condition.chirdciériséd by newronal injiiryor . -

. death, o'r axonal degeneration, especially neurodégenera‘ti've diseases such as ALS

or motor neurone dlseases, or varxants thereof. For example, a samplc of neuronal.
calls frem an individual may be isolated, the DNA extracted; and then dssayed
using & probe of the mventxon for the presence of one of the mutations indicatéd
in Table 1. Likewise, an oligonucléotide’ primer of the invention may be 1ised to
perform RT PCR on the DNA sample. As the primér is de_siéried 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 1in a sample, will be wall known te a person skilled in the art,

The invention provides methods of treatment and prevention by administrati_on to
a subject in need of such treatment of a th@rapeliﬁcall_y or prophylactically
effective amount of angiogenin, or a variant or ﬁ-agx_neﬁt_ thereof (hereafter
“therapeutic”). The subject is preferably an animal, including, but not limited to,
animals such as monkeys, cows, pigs, horses, chickers, cats, dogs, etc., and is
preferably a mammal, and most pieferably human..

Apart from the specific delivery systems embodied below, various delivery
systems aic known a’pd cdn be used to admﬁa_is,tg:t the thprapeutic of the i,n_ventibn_,
e.g., encapsulation in liposomes, microparticles, microcapsules, recombinant ,c'é‘lls
capéble of expressing the Therépeqtié, r,eceptc;r-mediatéd endocytosis (see, e.g.,
Wu and W, 1987, J. Biol. Chem, 262:4429-4432), construction of a thefapeutic
nucleic acid as part of a retroviral or otlier vector, etc, Methiods of introduction
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include but are not limited to intradermal, intramuscular, intraperitoneal,
mtravenous, subcutaneous mtra.nasal epldural and oral Toutes, The cornpounds
may be admmlstered by any convement route for example by mfusmn or bolus
injection, by ,absox_ptl,on through epithelial 01_ mucocutangous hmngs ,‘(e.vg;, oral
nucosa, .re_c'ta.jl" and intestixial mucoss, etc.) and may be admipi_skred ‘tog‘e.ther with
other biologically actiye agents. Administration can be systemic or local. In

‘addmon, it inay.be desirable to mtroduce the pharmaceutmal composmons of the

invention into the central nervous system by any su1table route, including -

mtraventncular and intrathecal injection; mtravenmcular injection may be
facﬂltatcd by an mtraventncular catheter, for example, attached to a réservoir,
sich as an Ommaya reservoir. Pulmonary administration can also be employed,
¢.g., by use of an inhaler or nebuhzer, and formulation with an aerosolizing

agent,

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,
nen-porous, or gelatinous material, including membranes, such as sialastic

membranes, or fibers.

In another embodimient, the therapeutic can be delive‘red ina {zesicle? in particular
a liposome (see Langer, Science 249:1527-1533 (1990); Treatetal,, 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 generally ibid.)

In yet another embodiment, the therapeutic can be delivered in a controlled
release system, In one embodiment, a pump may be used (see Lan_ger, supra;
_Séf.ton, CRC .,Crit. Ref, Biomed,, Eng. 14:201 (1987); Buchwald et al., Surgery
88:75 (1980); Saudek et al., N. Engl. J. Med. 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., Boca Raton, Fla. (1-974);
Controlled Drug onavallabnlny Dmg Product Desxgn and Performance, Smolen
and Ball (eds ), Wil ey, New York (1984) Ranoer a.nd Peppas, 1 Macromol Sc1 '
Rev Macromol Chem, 23; 61 (1983), see: also Levy etal, Scxence 228 190
(1985) Duung et al,, Ann Neurol 25 351 (1989), Howard et al., J. Neurosurg
71:105 (1989)) In yet another embodunent a controlled release system can be

placed in prommlty of the: therapeutxc target; thus- rcqumng onlya. fracuon of the-

systemic dosé (see, e. g, Goodson, in Medlcal Applxcatlons of Controlled
Release, supra, vol. 2, pp 115- 138 (1084)) Other contrplled release systems are

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

In 4 specific embodiment where the theiapeutic is a nucleic acid encoding a
protem therapeuuc the nucleic acid can be admunstered by gene therapy methods
as descnbed herein,

The present invention also provides pharmaceutical compositions comprising
angiogenin, or a variant or fragment thereof, Such compositions comiprise a
therapeutically effective amount of the therapeutic, and a pharmaceutically
acceptable carrier. In a specific erhbodiment, the term "pharmaceutically :
accepfable" means approved by a regulatory agency of the Federal or a state
govemnd,ent or listed in the U.S. Pharmacopeia or other generally recognized

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

The termt "carrier” refers to a diluent, adjuvant, excipient, or vehicle with which
the thetapeutic is administered. Such pharmaceutical carriers can be sterile
liquids, such, as Water- and oils; including those of petroleu:_n, animal, végetable or
synthetic origin, such as ?ea‘nut oil, soybean ail, mine‘ral oil, sesame oil and the
like. Water is a preferred cartier when the phaxmaceutxcal composmon is
adlmmstered intravenously. Salme solutions and aqueous dextrose and glycerol
solutions ¢an also be employed as liquid carriers, partlc,ularly for inj jectable

solutions. Suitable pharmaceutical excipients include starch, glucose, lactose,
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sucrose, gelatin, malt; rice, flour, chialk, silica gel, sodium stearate, glycerol
‘monostearate, tale, sodium chloride, dried skim milk, glycerol, propylene glycol,

water, cﬂm,nbl and the lfl{:.

5 The c‘omposit‘i,ori_,. if desirqd, can also contain minor amounts of wetting or
emulsifying agents,-or pH buffering agents. '_1?11ese compositions tan take the
form of solutions, suspensions, einulsiv, tabléts; pills, capsiles, povders,

sustaingd-release formulations and the like.

10 The composition can be formulated as a suppository, with traditiorial biniders and
carriers such as triglycerides, Oral formulation cen include standzird carriers svch
as phafmaceuticé;l grades of 'mannitoL laQtosg; starch, magnésiqm Sfearat'e, ‘
sodium saccharine, cellulose, magnesivm carbonate, etc. Exainiles of suitable l
pharmaceutical carriers are desciibed in "Rgm}ngton's Pharfnaceutical Seiences"

15 by E. W. Martin. Such compositions will contain a therapeutically effective
amount of the therapeutic, preferably in pu.riﬁéd 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,

20 Inapreferred e,mbo.d.impnt, the compositi.oh is formulated in accordance with
routine procedures as a pharmaceutical composition adapted for intravénous
adininistration to human beings. Typically, compositions for intravenous
administration are solutions in sterile isotonic aquequs buffer, Where necessary,
the composition may also include a solubilizing agent and a local ariesthetic such

25 as lignocaine to, ease pain at the, site of the injactioq,. Generally, the iﬁgredi_ents
are supplied either separately or mixed together in unit dosage form, for example,
as a dry lyophilized powder or water free concentrate in a hermetically sealed
container such as an ampoule or sacheite indicaiing the quantity of active agenit. '
Where the composition is to be administered by infision, it can be dispensed with

30  an infusion bottle containing sterile pllaﬁn@CeutigaI grade water or saline, Where

the compesition is administered by injection, an ampoule of sterile waiter for
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injection or saline can be provided so that the ingredients may be rixed prior to

administration.

Thi¢ therapeutics of the mVennon canbé formulatcd as neuttal or salt forms

Pliariviaceutically acceptable salts include those fonned with free amino groups

such as those derived from hydrochlonc phosphonc, acetxc oxalie, tartanc aclds

) etc a.nd those formed w1th free carboxyl groups such as those denved trom :

sodmm potassmm, a.mmomum, calcium, férric hydrox1des, 1sopropylamme,

tnethylamme, -ethylammo ethanol, hlsndme progcaine, ete.

The amount of the therapeutic of the iftvention which will be effective in the
treatment ofa partxcular disorder or condmon will depend on the nature of the
disorder or condition, and can be determined by standar_d clinical techniques. In
addition, in vivo and/or in vitro assays may optionally be employed to help
predict optirnal dosage ranges. The precise dose to. be employed in the
formulation will also depend on the route of administration, and the seriousness
of the disease or disorder, 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 corprising one or more
containers filled with one or more of the ingredients of the pharmaceutical
compositions of the invention. Optionally associated with such containez(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

adrhinistration.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows the pedlgrees for sel.ecte'd pﬁtients with ANG mufaiibnis’
Mutanons are’ mdwatqd usmg smgle 1ette1; ammo acld code: Pmbands are

'mdxcated. by arrows, circle; female, square male; open symbol, unaﬁ‘ecwd-

shaded symbo] affectqd' dxagonal lme, deceased' Ce centrol astenx, mutatxon
: ), Dmt, dementxa‘ MI '

Current age, or age at dea  is indic ;

myocardial infarction; EMG; normal cleciromng_ram.

nd ause of de

Figute 2 illustrates the thrce-dimensional structure of ANG showing the niodeled
mutatlons Q12L KI17E, K171, R31K, 1\401 and Il46V in ball and stick
xepmsentauon The ﬁgure was cxeated usmg the program PyMOL (DeLano
Scientific, San Carlos_, CA).

Figure 3. MTT assay. An MTT assay was used to determine the neuroprotective
effect of angiogenin treatment in an m-\ritﬁo ‘mo.dé] of motoneuron degeneration.
Cell viability jn treated cultures was expressed as a.pércentage of_cell viability in
untreated sister cultures (controls). As can bé seen eXpdsux_e to AMPA fesults in a
significant decrease in cell vi,at».lility, however co-treatment or pre-treatrnent with
angiogeriin (100ng/ml) significantly increases cell vidbility. Exposure to
angiogenin of BSA aloné has no significant effect on cell viability. (vaiucs =
mean; error bars = S.EM., N=24).

Figure 4. Western blot for phosphorylated Akt. Tlie activation of the PI3K/Akt
pathway was examined by westem blot for phgsphOryléted_AkL As can be seen
there is a strong incCrease in.phpgﬁhq-Akt_ expression in AMPA Iej(pQSCd cuiﬁnes
go-treated or pre-treated with angiogenin. This suggests that the néuroprotective
effect of ' angiogenin involves signalling through the PI3K/Akt signalling
pathway.
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Genogm‘ﬁng ﬁatg »

-The Apjalicant has previously identified chromosome 14q11.2asa candldatc region for

_ ‘amyotrophlc lateral s«.lcrosm in the Insh and Scottish populatmns (Gweenway, MJ, er al

10

20

o
th

30

°; Neurology, 63 1936-1 938 (’7004) Hayward Cetal Neurology 52 1899-901 (1999)) an
Have feported ait agsociation of ALS with the 1s] 1701 smglc nuclefohde polymorpmsm '

(SN P) in the Irlsh ALS populatxon (Greenway, M.J. et al, Neurology) Genotypmg of the
111701 SNP in 1629 individuals with ALS and 1264 controls from 5 mdependent

populations (Tablé 2) confirthed the association i in the Insh and Scomsh ALS populatlon.
although ne association was observed in US Enghsh or Swedlsh populatlons The rs117%¢
SNP is a synonymous substitution in ANG, a one exon geng whose product is expresse_d i

motor neurons, and s an arigiogenic factor with RNase A activity.

Sequencing of the human angiogenin gene (hereafter ANG) in the same populations
identified 7 missense mutations in 15 individuals of w,hofn 4 had familial ALS and 11
‘sporadic’ ALS, (Table 3). These individuals were all negative for superoxide dismutase 1
mutations. Although mutations were present in indiﬁriduals from all 5 poisulations, 12 of 1
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 mutatioh‘s were not identified in 2‘528 ethnically matched control _chrbmos_om‘e:
and segregated with disease in one family (Fig. 1.). All patients entolled in the study had
typical ALS, although.a higher than expected proportion (60%) of mdmduals with ANG
mutations had bulbar onset dxseasc However, specific mutations were not assocxated wit
site ofonset, the CI39W mutation was observed in two. s1blmgs one.of whom had confirme
clinical features of limb onset and the other bulbar onset ALS.
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Three shared hap]otypes were observed across the ANG locus and ﬂankmg reg:on
in Insh and Scottish mdwxdua]s with kl?I (83 S4), k4ol (SS 89 and § 10) and
146V (Sll F2 a.nd F3); mutatxons respectxvely, indicative. of 2 fmmder effect in .
each case, A uniqué shared haplotype for the I\l 7E mutatlon was identified in
1nd1v1dua1_s of Swedish .and_ Noithern Irish ethmcx;y (S5 and $6).

ANG, a 123> amino acid 14.1kDa protein, is a potent inducer of
neovascularlsatxon n vivo and member of the pancreatic nbonuclcase A (RNasc
A) superfarmly (Fett, LW. et al. Bzochem 24, 5480- 5486 (1985) )The R.Nase
activity of ANG is important for its biological activity (Shapito, R., Riordan, 1.F.
& Vallee, B.L: Biockem. 28, 3527-3532 (1986)) ANG variants with decreased
RNase activity invariably have redﬁced an'giogenie activity, '(Shapiro, R., Fox,
E.A & Riordan, L.F. Biochem. 28, 1726-1732 (1989) Shapiro, R & Vallee, B:L.
Biochem. 28, 7401-7408 (1989))ANG is expressed in the néuroaxis. However its
mechanism of action is yet to be estabhshed In endothehum ANG organises cell
fotmation into tube-like structures induces secondary messengers, and supports
endothelial cell adhesion and spreading. In steps that are critical for angiogenesis, v
ANG is internalised by endothelial cells and transported to the nigcleolus
(Moricanu, J. & Riordan, I.F. Proc. Natl Acad Sci USA. 91, 1667-1681 (1994) )
where it stimulates tRNA transcription, a rate-limiting step in ribosome
biogenesis, proteiri translation and cell growth. Endogenous ANG is required for
cell proliferation induced by other an_giogenic; 'proté'ins such as vascular
endothelial growth factor (VEGF) (Kishimato, K., Lin, S., Tsuji, T., Olson, K.A.
& Hu, G.F. Oncogene. 24, 445-456 (2005) Down'xegﬁlétion of ANG by small -
ir.:terfér‘ir.ig RNA (siRNA) and antisense oligonucleotides de:cte"ases VEGF-
indnced sRNA tr'eiﬁscript_ion and inhibition ef miclear translocation of ANG
abolishes VEGF’s angiogenic activity (sthimo{o, K., Liu, S., Tsilji, T, leon,
K.A. & Hu, G.F. Oncogene. 24, 445-456 (2005),
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Crystal structure analyms of ANG has prowded clear evidence of. RNase A

' fold and conservanon of H13, K40 and Hl 14- 1hie catalytlc tnad (Acharya K R,

Shapxro, R Allem, S C Rxordan IF.& Val ge, BL Proc Nat‘l Acad Su' USA o
91,2915-2919.(1994). Five of the missense mutatlons ldentlﬁed m 11 mdmduals
with. ALS affect funcnonally important res1dues that are evoluuonary hlghly‘

'.'-'conServed m ANG and RINase' A, (Q17L KI7L, K17E C39W aiid 1\401)‘ (Fxg 2).

K40 in ANG is a crmcal resxdue mvolVed m catalysxs (Shapxro, R, Rlordan J.E,

& Vallee B, L. Biochem 25 3527-3532 (1986)) chlaoement of K40 by Qora
conservative substitution by R, decreases the nbonucleolytlc actmty by a factor 2
x 10 (Fctt IW. et al Biochem. 24, 5480- 5486 (1985) and $0-fold respectively
(Shap;ro, R.,.Fox, E.A. & Riordan, J.F. Biochen, 28, 7401-7408 (1989) Wltho,ut
being bound by theoty, molecular modelling of the K401 substtution suggests that
several key interactions are lost due to mutation, predicting loss of ribonuélc’olyﬁ‘c
activity (Fig. 2). C39W causes significant structural charige due to loss of
disulfide bridge. formation with C92 (Fig. 2). Disruption of this disulfide bridge
would likely affect protein folding resuliing in lower ribonucleolytic activity. Q12
interacts with the active site residue K40 in the pative structure (Fig. 2). QI12L
substitutioﬁ would disript this finte,raction_andb make it enzymatically vl'ess active.
Residue K17 in ANG is distantly positioned from the active site in a_iloop on the
surface of the molecule (Fig. 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 demonstraté;s a conserved region cbntaining 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. Bioghem. 29, 3341-3349 (1990).

In additien to the catalytic centre, ANG possesses a nuclear translocation
sne that contains sequence (31RRRGL35) mvolved in transport of ANG to the
nucleolus following uptake by endothelial cells. R31A is translocated much less
efficiently than the native protein (Shapiro, R. & Vallee, B.L. Biochem. 31,
12477-12485 (1992). It is pfedicted that the R3IK. variant may have a role in
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nuclear translocation but would cause. only minor perturbation in the structure. 146 is not

fully conserved and is predicted to cause the least structural change.

Like VEGF, ANG is induced by hypoxia to elicit angiogenesis and is expressed in
motor neurons. Deletion of the hypoxic response clement of the VEGF promoter causes a
motor neuron disease phenotype in mice (Oosthuyse, B. et al, Nat Genet. 28, 131-138
(2001) and replacement of VEGF is beneficial in SOD** rodent models (Azzouz, M. er al.
Nature. 429 413-417 (2004) Storkebam, E. et al. Nat Neurosci 8, 85-92 (2005). Gene-based
therapy using a VEGF expressing lentiviral vector MoNuDin® is being developed for
human use by Oxford Biomedica. Although VEGF is a putative modifier of ALS, mutations
in the gene have not been found in patients with ALS. By contrast, the Applicant has
identified loss of function ANG mutations as a clear susceptibility factor 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

Primary 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.125:427-439). To examine the possible
neuroprotective effect of angiogenin we examined the effect of i) pre-treatment and ii) co-
treatment with angiogenin (R&D systems) in the culture medium at concentrations of
25ng/ml, 50ng/ml, 100ng/ml, 200ng/ml and 500ng/ml. As controls, sister cultures were used
that were either unexposed, or exposed to angiogenin (at same concentrations as detailed

above), or exposed to BSA (bovine serum albumin, Sigma).
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- Inthis study an, MTT cell vxablhty assay was performed MTT (S1gma) dlssolved ,

in PBS (img/ml) and diluted 1:10 in culture medlum was added o cultuxes and '

: ,mcubated f01 4, hours at 37C After mcubatlon, the medla was replaced wnh..

1sopropanol contammg 0.04M HCI, Emlssmn values were then read ond mxcro— _
ELISA. plate reader at, 570nm Cell v1ab111ty in treated cultures was expressed asa.

comp_ared f01 s1gmﬁgance_ usmg a Mann .Wh_nney U-test.

To exantine ih‘e signalling pathway involved in mediating the heuroprotective
effect of angiogenin, the activation of the PI3K/Akt "pa_thW’a_y was examingd using
western blotting. In paiticular, we examined the 'activation of Akt as
demonstrated by its phosphotylation. Priméry motoneuron) cultures e’x_poéed 0
AMPA, AMPA and angicgenin, or anigiogenin alorie (as described above) weie
lysed and protein extracted. Protein concentration in each experimental condition

was determined using a MICIO BCA Assay (Pierce). Samples were tun on a 10%

- SDS gel and transfened onto nitrocellulapse membranes, and were probed W1th

a,nt1b0d1es to Akt dand phospho-Akt (both Cell Signalling). Blots were visualised
using the ECL system. Equal protein loading was confirmed by re-probing blots
with antibodies to a’lp’ha-tubulin (Sigma).

1. The neuroprotective effect of angiogenin in an in-vitro model of motoneuron
degeneratio'n and stroke.

a) Using an MTT céell viability assay the effect of increasing concenttatxons of
anglogemn was exammed in an in-vitro model of motoneuron degenerauon
whexe primary motoneuron cultures were exposed to 50uM AMPA for ”4hIs It
was found that the optimum concentration of anglooemn to demonstrate a
nemoprotectwe effect was 100ng/ml. Exposure of primary motoneuron ‘cultures

to 50uM AMPA for 241;1-5 is a well described in-vitro niodel of moteneur_on

. degeneration -(Kietan and Greensmith, 2004). As ¢an be seen in Figure 3,
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exposure to AMPA results, i ina 51g:ruﬁca11t decrease in cell v1ab1hty 10 38.5% (+/-

3. 3 S EM n—”4 p=<0 05) However co-treatment or preatreatment w1th -
- 100ng/ml angiogenin s1gn1ﬁcantly mcreased cell vxabxhty to 8” S(+-3.9 S.EM, .

n—24) and 92. 394 (+- 4. 8 S.EM, n-’74), respecuvely {p=x0, 05) Treatment of
primary motoneuron cultures w:,th elther angiogenin or BSA had no. s1gmﬁcant

L effect ofi Ceﬂ V1ab1hi’y

2. The role of Akt in anglogemn mgnallmg
Usmg western blotting, the cell surv1val pathways involved in medxatmg the

neuropiqtective effect of angxogenm were examined. In particular thie activation

‘of thie PI3K/Akt cell suryival pathway ‘was ekamined by examining the

expression of the active form of Akt (phosphorylted Ald). As can be seen in
Figure 4, the level of activated Akt (phosphoryiaied Akt) is increased in AMPA
exposed ' cultures co-treated witﬁ angiogenin, compared to AMPA-only or
angiogenin-only treated cultures. This increase in the activated form of Akt
demonstrates that the neuroprotective effect df‘ anjgibgﬁnin’ in this in-vitro model
of motoneuron degeneration involves the activation of the PI3K/Akt pafhway.

Animal Model of Neurodegéneration

Treatment regimes:

Angiogenin (ang) (R&D Systems Inc., Minnea_pplis, USA - Catalog Number 265-
AN-250) is administered to mutant SOD1 (mSOD1) mice, a mouse model of
ALS/MND (Gu.n‘x"ey etal., 1994 Scienge 264;1772-5). These mice may be
obtﬁine;‘d'from'The Jackson Labqratory', Misine, USA. These mice devetop an
ALS-like phenotype of progresswe motoneuron dcgeneratlon and hindlimb

.pa.ralysxs whxch very closely mimics the chmcal situation. The dlsease

progresses rapidly in these mice, and they havea much reduced hfespan of
approxunatey] 125 days (K1e1a11 et al., Naf Med 10; 402 5). The effect of
cominercing ang treatment at dlff‘erent dxsease stagés is exa.mmed These stages
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 are 1) pre symptomanca]ly (from 35- days) u) eaﬂy symptomanc stage (from 70~
B days) or m) iate-symptomatlc s\‘age (from 90—days tb.ts pomt most closely o '
- mimiés: clinical situation as pauents only. see neurologlat at. mld late stage i e,

when paralysis ev:deut) Anglogemn is administeréd to ammals of the same sex
from a number of htters i order to pnevent sex dlft'erences dlstortmg the results,

- Routes ot adrmmstratmn

1. Intrathecal- Ang delivery directly to the spmal cord .
Animals have ang administered mtrathecxally by syrmgc Thls mvolves expOSmg

the wpmal cord in anaesthetlsed animials by perfortiing a lammcctomy to create a

" “ole? in the overlying vertebrae and then mscmng the syringe through this hole,
through the meninges into the space surrounding thie spinal cord. The syringe will

not penetrate the spinal cord.

Alternatively, .the animals have ang delivered intrathecially by mini-osmotoc
pump, Animals are'ane;e_sthetised, and a l_anﬁhectonly is performed to allow a
small catheter to be inserted intr‘athecialiy. This céﬂxcter is attached to a mini-
osmotic pump containing angiogenin. These pumps are very small in size and
suitable for insertion into small rodents such as mice. The pump is located
ovgrlyihg the spinal cord, and ang is réleasgc_i over a defined le__ngth of time,
depending on the size of the pump and the volume it can hold, (Ignécio, et al.,
Ann, N.Y. Acad, Sci. 2003, 1053: 121-136).

In the situatign that recombinant ang is to be administered, first examine effect of
different concentration and then qptimal délivery regime (ie administered
continuously (osmotic puinp woﬁld allow for this), daily, twice daily, weekly,
fortnightly, every other day ete. For .cor,i'ti'nuOtis infusion, recombinarit angiégenin
is infused at a ratige of doses between 5 and 20 pg/kg/mimute. Otherwise, the
angiégﬁnin is admisnistered at arange of do:s'es between 0.1 and 2 mg/kg.

Determining effectiveness of treatment:
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»To determme whethex ang treatment xs effective in mSODl mlce, dlsease

pragrestn and hfespan in treated mSODl mlce is cémpared with. untreated
mSODI - liftermates. Mohitorifg, .dxs,ca;se progiession - includes _fuinotional
assessiment. of lo¢omotor ability and muscle furition; as well as body Weight,
ggngréil appnmtagéﬁ.andmbtgnéﬁmn sumval (Kiéran etal, 2005, 2@04), Lifespgii_

e w;ll be .?":mcésme':’tif;ctﬁe num.qu of days the animal fives for: .

Res‘ults' Angiogemn is: released from the pumps and syrmge and taken up by cells

in the spmal cm‘d This is momtored by taggmg the Ang protein with a

ﬂuorescent markcr Adm1mstranon of Ang du*ectly to the spinal cord will reduce

the pos31bx111y of’ Ang administration 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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What is claimed is:

1. A method of assessing whether an individual is afflicted with, or genetically
predisposed to develop, amyotrophic lateral sclerosis (ALS), which method comprises:
(a) assaying a biological sample from the individual for the presence of an angiogenin
(ANG) mutation, wherein the assay comprises hybridizing the biological sample
containing an ANG nucleic acid with an oligonucleotide which specifically binds to an
ANG nucleic acid mutation selected from the group consisting of A191T, A107T,
A122T, A121G, G164A, C189G, and A208G relative to SEQ ID NO:17, and (b)
detecting hybridization of the oligonucleotide with the ANG nucleic acid, wherein the
detection of hybridization indicates the presence of the mutation that is indicative of an

individual being afflicted with, or genetically predisposed to develop ALS.

2. The method of claim 1, wherein the ANG nucleic acid mutation encodes for an
amino acid mutation selected from the group consisting of: K401, Q12L, K171, K17E,
R31K, C39W, and 146V relative to SEQ ID NO:15 in an angiogenin polypeptide.

3. The method of claim 1, wherein assaying the biological sample comprises

sequencing a ANG nucleic acid.

4. A method of detecting a mutation in an angiogenin (ANG) nucleic acid in a
biological sample from a subject, which method comprises: (a) assaying the biological
sample from the individual, wherein the assay comprises hybridizing the biological
sample containing an ANG nucleic acid with an oligonucleotide which specifically binds
to an ANG mutation selected from the group consisting of A191T, A107T, A122T,
A121G, G164A, C189G and A208G relative to SEQ ID NO:17, in an ANG nucleic acid;
and (b) detecting hybridization of the oligonucleotide with the ANG nucleic acid,
wherein the presence of hybridization indicates detection of the mutation in the ANG

nucleic acid.

5. The method of claim 4, wherein assaying the biological sample comprises

sequencing a ANG nucleic acid.
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6. The method of claim 4, wherein detection of hybridization indicates the presence of
an ANG nucleic acid mutation encoding for K401, Q12L, K171, K17E, R31K, C39W, or
146V relative to SEQ ID NO:15 in an angiogenin polypeptide.

7. The method of claim 4, wherein the oligonucleotide is detectably labeled.

8. An isolated nucleic acid molecule comprising a nucleic acid sequence selected

from the group consisting of: SEQ ID NOs: 1,2 and 4 to 7.

9. The nucleic acid molecule of claim 8, wherein the nucleic acid molecule is a DNA
molecule.
10. A nucleic acid probe comprising 7 to 400 consecutive nucleotides of SEQ ID

NO:17, including the nucleotide position corresponding to nucleotide position number 191,
107,121, 164, 189, and 208 relative to SEQ ID NO:17, wherein the nucleic acid molecule

is detectably labeled, wherein the probe can be detected in a hybridization assay.

11. The nucleic acid probe of claim 10, wherein the nucleic acid probe is a DNA

molecule.

12. The nucleic acid probe of claim 10, wherein the nucleic acid comprises 14 to 400
consecutive nucleotides of SEQ ID NO:17.

13. The nucleic acid probe of claim 10, wherein the nucleic acid comprises 25 to 100
consecutive nucleotides of SEQ ID NO: 17.

14. A kit for assessing whether an individual is afflicted with, or genetically
predisposed to develop, a disease or condition characterized by neuronal injury or death, or
axonal degeneration, comprising one or both of (i) at least one nucleic acid according to

claim 8, and (ii) at least one nucleic acid probe according to claim 10.
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