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1
USE_OF PROINSULIN FOR THE PREPARATION QF A NEUROPROTECTIVE

PHARMACEUTICAL COMPOSITION, THERAPEUTIC COMPQSITION CONTAINING
1T AND APPLICATIONS THEREOF

Field of the Invention

The present invention is comprised within the biomedicine
field and more specifically within the development of
therapeutic compounds. The inventien particularly relates to the
specific use of the proinsulin molecule for the preparation of a
medicament for the treatment of zetinal degenerative diseases
such as retinitis pigmentosa, as well as other neurodegenerative
conditions.

State of the Art

Neurcdegenerative diseases comprise a variety of
progressive disorders of the central nervous system with a
genetic-hereditary, traumatic, sporadic or senile origin. Most
neurodegenerative diseases present programmed cell death of
neurons and/or glial cells in their origin or their progression.
Said death process, forming an irreversible step of the damage
to the nervous tissue, appears independently of the primary
cause of the disorder, be it genetie, traumatic, spoeradic ox
senile.

A number of growth factors have an essential role in the
requlation of the balance between the life and death of
different cell types, including neurons and glial cells. These
inelude the members of the insulin family including insulin, its
precursor preoinsulin, and IGF-1 and IGF~II (Varela-Nieto, I., Qe
la Rosa, E.J., Valenciano, A.I., and Leon, Y. (2003) Cell death
in the nervous system; lessons from insulin and insulin-like
growth factors. Mol Neurcbiol 28: 23-50). The retina forms part
of the central nervous system and is a well established model
for studying both physiological and pathological pzxocesses of
the nervous system; for this reason, it is the cell model used
in the present invention. One of the most important pathological
processes studied the retina 1is the so-called retinitis
pigmentosa, because this pathology comprises a wide group of

hereditary retinal disorders and represents one of the greatest
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causes of blindness in the world, with an approximate incidence

of one in 4,000 persons. Although more than 120 involved loci
have been characterized and there are different etiolegies, in
all cases there 1is a chronic and progressive 1loss due to
programmed c¢ell death of the retinal neurons, specifically of
the photoreceptors, making the individuals blind. There is
currently no treatment for retinitis pigmentosa and for the time
being, neuroprotective, gene therapy, neurorepairing and
bioengineering strategies are only being undertaken in animal
models with degeneration, such as rd mice, RCS rats and other
models in dogs, cats, pigs and even Drosophila. The rdl (rod
degeneration) mouse was one of the first models for studying
molecular and cell mechanisms determining cell degeneration, the
apoptotic nature of photoreceptors death having been determined
(Chang, G.Q., Hao, Y., and Wong, F. (1993) Apoptosis: final

common pathway of photoreceptor death in rd, rds, and rhodopsin
mutant mice. 30 Neuron 11: 595-605). The different rd mice
provide an ideal model for the assay of new therapeutic
approaches to the treatment of hereditary retinal dystrophies,

because they allow studying the degenerative process of

photoreceptors from a molecular, cellular and genetic point of

view.

Gene therapy interventions tend to reintroduce a functional
copy of the mutated gene causing neurodegeneration. Progress has
been made with recombinant adenoviruses or viral vectors
associated to adenoviruses. Specifically, the replacement of the
B subunit of rod-specific ¢GMP phosphodiesterase (BPDE) in
newborn rd mice, achieving a histological rescue of rd phenotype
of at least 6 weeks (Bennett, J., Tanabe, T., Sun, D., Zeng, Y.,
Kjeldbye, H., Gouras, P., and Maguire, A.M. (1996) Photoreceptor
cell rescue in retinal degeneration (rd) mice by in vivo dgene
therapy. Nat Med 2: 649-654). However, this therapy requires the
unequivocal identification of the mutated gene in each patient,
which is ceurrently only possible in 40% of cases {Wang, D.Y.,
Chan, W.M., Tam, P.O., Baum, L., Lam, D.S., Chong, K.K., Fan,
B.J., and Pang, C.P. (2005) Gene mutations in retinitis

pigmentosa and their clinical implications. Clin Chim Acta 351;
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5-16).

The transplant of neural stem cells or precursors for the
purpose of developing new photoreceptors is the purpose of
neurorepairing therapies. New photoreceptors have to re-
establish the suitable connections with the neurons of the
internal retina.

Neuroprotection that is induced by means of treatment with
growth factors seeks to prevent cell death associated to the
neurodegenerative process. Different forms of administration
have been tested in several animal models with retinal
degeneration. The first attempts consisted of intravitreal
injections of several recombinant proteins in rats or mice with
retinal degeneration (Faktorovich, E.G., Steinberg, R.H.,
Yasumura, D., Matthes, M.T., and LaVail, M.M. (1990)
Photoreceptor degeneration in inherited retinal dystrophy
delayed by basic fibroblast growth factor. Nature 347: 83-86;
LaVail, M.M., Unoki, K., Yasumura, D., Matthes, M.T.,
Yancopoulos, G.D., and Steinberg, R.H. (19%2) Multiple growth
factors, cytokines, and neurotrophins rescue photoreceptors from
the damaging effects of constant light. Proc Natl Acad Sci USA
89: 11249-11253). These experiments demonstrated that FGF2
slowed down photoreceptor degeneration in RCS rats (Royal
Collage of Surgeon). Several survival factors, including FGF2,
FGF1l, BDNF and CNTF, decreased photoreceptor death induced by
light damage (Lavail, M.M., Yasumuxa, D., Matthes, M.T., Lau-
villacorta, C., Unoki, K., Sung, C.H., and Steinbexg, R.H. 15
(1998) Protection of mouse photoreceptors by survival factors in
retinal degenerations. Invest Ophthalmol Vis Sci 39: 592-602).
Intravitreal injections of CNTF analogs in mouse models with
hereditary retinal degenerations (model Q433ter, rd and nx;
terminology used to designate certain mouse models with
retinitis pigmentosa) gave rise to an evident improvement of
some degenerations. The neuroprotective effect due to CNTF
analogs has also been verified in studies in cats with autosomal
dominant cone-rod dystrophy, in which intravitreal injections of
CNTF had beneficial effects (Chong, N.H., Alexander, R.A.,
Waters, L., Barnett, K.C., Bird, A.C., and Luthert, P.J. (1999)
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Another approach has been the use of gene therapy vectors
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5 to express survival factors in retinas of mice or rats with
retinal degeneration. In two mouse models, rd and Prph2Rd
{recessive mutation in peripherin) (Travis, G.H., Brennan, M.B.,
Danielson, P.E., Kozak, C.A., and Sutcliffe, J.G. (1989)
Identification of a photoreceptor-specific mRNA encoded by the

10 gene responsible for retinal degeneration slow (rds). Nature
338: 70-73; Connell, G., Bascom, R., Molday, L., Reid, D.,
McInnes, R.R., and Molday, R,S. (1991) Photoreceptor peripherin

2007253212

is the noxmal product of the gene responsible for retinal
degeneration in the rds mouse. Proc¢ Natl Acad Sci US A 88: 723-
15 726.), subretinal injections of adenoviral vectors encoeding a
secretable form of CNTF delayed photoreceptor death (Cayouette,
M., and Gravel, C. (1997) Adenovirus-mediated gene transfer of
ciliary neurotrophic factor can prevent photoreceptor
degeneration in the retinal degeneration (rd) mouse. Hum Gene
20 Ther 8: 423-430; Cayouette, M., Behn, D., Sendtner, M.,
Lachapelle, P., and Gravel, C. (1998) Intraocular gene transfer
of c¢iliary neurotrophic factor prevents death and Aincreases
responsiveness of rod photoreceptors in the retinal degeneration
s8locw mouse, J Neurosci 18: 9282-9293). On the other hand,
25 transgenic BDNF expression in the retina, which was hardly
active by intravitreal injections, delays neurodegeneration in
Q344ter mice (Okoye, 6., 25 Zimmer, J., Sung, J., Gehlbach, P.,
Deering, T., Nambu, H., Hackett, S., Melia, M., Esumi, N., Z2ack,
D.J., and Campochiare, P.A. (2003) Increased expression of
30 Dbrain-derived neurotrophic factor preserves retinal function and
slows cell death from rhodopsin mutation or oxidative damage. J
Neurosci 23: 4164-4172; Sung, C.H., Makino, C., Bayler, D., and
Nathans, J. (1994) A rhodopsin gene mutation responsible for
autosomal dominant retinitis pigmentosa results in a protein
35 that is defective in localization to the photoreceptor outer
segment. J Neurosci 14: 5818-5833). These results also show

that, apart from technical problems, an isolated intravitreal
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5
injection can be insufficient to have a neuroprotective effect.

In addition, CNTF, which in addition does have a neuroprotective
effect with a single injection, has proved to be
counterproductive when its prolonged expression is induced by

means of AAV vectors encoding the secretable form of CNTF, in

" Prph2Rd mice and two transgenic rats with retinal degeneration

(Liang, F.Q., Aleman, T.S., Dejneka, N.$., Dudus, L., Fisher,
K.J., Maguire, A.M., Jacobson, S.G., and Bennett, J. (2001)
Long—-term protection of retinal structure but not function using
RAAV.CNTF in animal models of retinosis pigmentaria. Mol Therx 4:
461-472) because the photoreceptor function worsens according to
an analysis by ERG.

Taking into account all the strategies set forth above, the
present invention provides a praetical solution compared to
systems used up until now. Survival functions of insulin have
been shown before which are different from its metabolic
function in chicken embryos, because insulin in its proinsulin
precursor form is expressed during the development before the
existence of a pancreatic outline. During the development of the
nervous system, proinsulin regulates multiple cell processes. It
is @ survival factor in early embryos, as was verified in a
study inhibiting the expression of the proinsulin gene or its
receptor by means of using antisense oligonucleotides .(Morales,
A.V., Serna, J., Alarcon, C., de la Rosa, E.J., and de Pablo, F.
(1937) Role of prepancreatic (pro)insulin and the insulin
receptor in prevention of embryoni¢ apoptosis. Endecrinology
138: 3967-3975). 1Its blocking by means of antibodies also
increases the number of apoptotic cells in chicken embryo retina
(piaz, B., Serna,J., De Pablo,F., and de la Rosa, E. J. (2000)
In vivo regulation of cell death by embryonic(pro) insulin and
the insulin receptor during early retinal neurogenesis.
Development 127: 1641-1649), whereas it exogenocus addition to
the embryo reduces the number of apoptotic cells (Hernandez-
Sanchez, C., Mansilla, A., de la Rosa, E.J., Pollerberg, G.E.,
Martinez-Salas, E., and de Pablo, F. (2003) Upstream AUGs in
embryonic proinsulin mRNA contrel its low translation level.

Embo J 22: b5582-5592). The molecule that can be isolated from
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6
chicken embryos is proinsulin, the primary product of the gene

translation, the metabolic activity of which is small, about 5-
10% of the activity of insulin.

In chronic neurodegenerative diseases, neurons and/or glial
cells die progressively. The symptoms of the disease normally
appear when quite a few cells have died. It is thus important to
determine the effective molecules favoring cell survival for
maintaining a relatively normal visual function. Although there
are many types of neurodegenerative diseases, each with a
different etiology, all of them present a final death of the
affected cells. This death is a programmed death type, there
being different types of apoptotic or non-apoptotic death.
Unlike acute damage, in which the cells are initially in good
condition before the damage, in chronic diseases the cells have
an intrinsic damage which will make them die at a certain time
when they can no longer support the damage and/or cannot carry
out the function which they must perform.

Description of the Invention

Brief Description

An object of the present invention is formed by the use of
a compound that induces the activity of proinsulin, hexeinafter
use of a inducer compound of the present invention, for the
preparation of a medicament or pharmaceutical composition for
the prevention and treatment of neurodegenerative conditions,
disorders or diseases in which programmed cell death occurs,
preferably neurodegenerative pathologies of the central and
peripheral nervous systems, and more preferably of the group of
heredodegenerative diseases known as retinitis pigmentosa. In a
pretferred aspect of the invention, said pharmaceutical
composition is suitable for its systemic or local sustained
administration.

A particular object of the invention is formed by the use
of a compound that induces the activity of proinsulin in which
the inducer compound is a nucleotide sequence, hereinafter the
use of the proinsulin nucleotide sequence of the present
invention, which allows the expression of a neuroprotective

protein or peptide, and which is formed by one or several
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nucleotide sequences belonding to the following group:

a) a nucleotide sequence formed by the nucleotide
sequence encoding human proinsulin (SEQ ID NO 1),
b) a nucleotide sequence similar to the sequence of a),
S c) a fragment of any one of the sequences of a) and b),
and
d) a nucleotide sequence comprising any one seguence
belonging te: a), b), and/or c).
A particular embodiment of the present invention is formed

10 by the use of a compound that induces the activity of proinsulin
wherein the nucleotide sequence is formed by the SEQ ID NO 1
encoding human proinsulin.

Another particular object of the present invention is
formed by the use of a compound that induces the activity of

15 proinsulin wherein the opucleotide sequence of d) is an
expression vector, hereinafter use of the proinsulin expression
vector of the invention, comprising a nucleotide sequence or a
genetic construct encoding a proinsulin protein which can induce
neuroprotection.

20 Another particular object of the present invention is
foermed by the use of a compound that induces the activity of
proinsulin in which the inducer compound is a preferably human
eukaryotic <¢ell, hereinafter use of preoinsulin cells of the
invention, which 1is genetically modified and comprises the

25 proinsulin nucleotide sequence, constxuct or expression vector
of the invention and can suitably express and release the
proinsulin protein to the extracellular medium,

Another particular object of the invention is formed by the
use of a compound that induces the activity of proinsulin in

30 which the inducer compound is a protein or peptide, hereinafter
use of the proinsulin protein of the present invention, having
neuroprotective activity and comprising one ox several amino
acid sequences belonging to the following group:

a) an amino acid sequence formed by the human proinsulin

35 amino acid sequence (SEQ ID NO 2),

b) an amino acid sequence similar to the sequence of a),

c) a fragment of any one of the sequences of a) and b),

COMS ID No: ARCS-217865 Received by IP Australia: Time (H:m) 17:19 Date (Y-M-d) 2008-12-19
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and
d) an amino acid sequence comprising any one sequence
belonging to: a), b), and/or c).

Another particular embodiment of the present invention is
formed by the use of an inducer compound of the invention in
which the inducex compound is the human proinsulin protein (SEQ
ID NO 2),.

Another object of the present invention is formed by a
pharmaceutical composition or medicinal product for the

treatment of diseases, disorders or pathologies presenting

. neurodegenerative alterations, hereinafter pharmaceutical

composition of the present invention, comprising a compound that
induces the activity of proinsulin of the invention, in a
therapeutically effective amount togethexr with, optionally, one
or more pharmaceutically acceptable adjuvants and/or carriers.

A particular embodiment of the invention is formed by a
pharmaceutical composition of the invention in whiech the
compound that induces the activity of the proinsulin is one or
several nucleotide sequences belonging to the following group:

a) a nucleotide sequence formed by the nucleotide
sequence encoding human proinsulin (SEQ ID NO 1),

b) a nucleotide sequence similar to the sequence of a),

¢) a fragment of any one of the sequences of a) and b),
and

d) a nucleotide sequence comprising any one sSequence
belonging to: a), b), and/or c¢).

Another particular embodiment of the present invention is
formed by the pharmaceutical composition of the invention in
which the nucleotide sequence is formed by SEQ ID NO 1, encoding
human proinsulin.

Another particular embodiment of the present invention is
formed by a pharmaceutical composition of the invention in which
the nucleotide sequence is a human proinsulin expression vector.

Another particular object of the present invention is
formed by a pharmaceutical composition of the invention in which
the compound that induces the activity of proinsulin is a

protein or a peptide encoded by the proinsulin sequence, genetic

COMS ID No: ARCS-217865 Received by IP Australia: Time (H:m) 17:19 Date (Y-M-d) 2008-1 2-19
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construct or vector of the invention.

A particular embodiment of the invention is formed by a
pharmaceutical composition of the invention in which the protein
or peptide that induces the activity of proinsulin belongs to
the following group:

a) an amino acid sequence formed by the human proinsulin
amino acid sequence (SEQ ID WO 2),

b) an amino acid sequence similar to the seguence of a),

¢) a fragment of any one of the sequences of a) and b),
and

d) an amino acid sequence comprising any one seqguence
belonging to: a: a), b), and/or c).

Another particular embodiment o0f the present invention is
formed by the pharmaceutical ecomposition of the invention in
which the amino acid sequence is formed by human proinsulin (SEQ
ID NO 2).

Another particular object of the present invention is
formed by a pharmaceutical composition of the invention in which
the compound. that induces the activity of proinsulin is a
preferably human cell, and more preferably a central nervous
system cell transformed by the proinsulin sequence, genetic
construct or expression vector of the invention.

Another object of the invention is formed by the use of the
pharmaceutical compesition of the invention, hereinafter use of
the pharmaceutical composition of the invention, in a method of
treatment or prophylaxis of a mammal, preferably a human being,
affected by a neurodegenerative disease, disorder or patheoclogy
of the central or peripheral nervous systems affecting human
beings, in which programmed cell death occurs, consisting of
administering said therapeutic composition in a suitable dose
which allows reducing said neurodegeneration.

Detailed Description

Taking into account that most neurcdegenerative conditions,
particularly retinitis pigmentosa, do not have an efficient
and/or effective treatment, the present invention provides an

alternative solution.

The present invention is based on the fact that proinsulin
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10
- a growth factor of the insulin family normally known as being

the precursor form of insulin - is furthermore a cell survival
factor in chronic neurodegeneration process, particularly in
retinal neurodegeneration processes taking place in retinitis
pigmentosa.

rdl0 (Pdeb™% % and rdl (Pdeb™/*') mice, carrying a
recessive homozygous mutation in the rod-specific cyclic GMP
phosphodiesterase enzyme gene, which causes an alteration in the
function of this enzyme, which leads to progressive
photoreceptor cell death, and the subsequent  secondary
degeneration of the remaining retinal cell types, mainly the
cones, have been chosen as the retinal degeneration model.

Two lines of transgenic mice expressing human proinsulin
protein and recessive homozygotes for the rdl0 mutation,
Proins/rdl10/" mice have been generated (Example 1.1). These
Proins/rd10™/~ mice with retinal degeneration constitutively
produce human proinsulin in striated muscle = whiech is not
processed to insulin - which is detected in serum and is not
subject to the normal regulation of the pancreas due to glucose
levels. This causes the animal to have sustained circulating
human proinsulin levels, without depending on the dose, on the
condition of the product before administration - because as it
is from an endogenous production it is not degraded such as a
commercial product-, and on the form and time of the injection.
This has allowed not conducting pharmacokinetics studies to see
the way of administexing it.

The presence of human proinsulin in muscle and serum in
Proins/rd10”" mice of both lines was verified with an ELISA
detection kit against human proinsulin. Furthermore, blood sugar
was measured and it was verified that proinsulin did not have
unwanted metabolic effects. In addition, it has been verified by
means of subcutaneous injection of human proinsulin that said
proinsulin can reach the neural retina (proinsulin
identification by means of the ELISA kit in retina extracts),
which means that it can pass through the blood-retina barrier.

The effects of hyperproinsulinemia of Proins/rdl10”" mice in

retinal neurodegeneration were identified in several ways. The
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condition of the retina was first observed histologically

(Example 1). In transgenic mice for human proeinsulin and
homozygotes for rdl0, the degeneration is delayed and it has
been verified that at P32, a higher number of rods, cones and
synaptic connections are maintained in the retina and the
condition of the retina is better (Example 1),

The fact that the condition of retina is maintained better

for more time is beneficial. If apart from slowing down the cell

‘death process in actually damaged cells (the rods of the

retina), the rest of the retina is maintained in a better
condition, such as for example by preventing the death of the
cones which do not have intrinsic damage but rather which
degenerate in a secondary manner, several aspects of the disease
are being improved. In this specific case, if the cones are
maintained for more time, although the rods end up being
degenerated, daytime vision is maintained, although night vision
is lost, and that wmeans quality of life in a patient with
retinitis pigmentosa. '

The visual function was subsequently analyzed with the five
standardized types of electroretinograms throughout the
degenerative process, comparing the transgenic mice with rdl0
controls, and it was verified that in Proins/rdl10”/~ mice, they
still have visual function at P55, which wvisual function
disappears at P35 in rdl0 mice, whereby it can be concluded that
the visual response is better and is more extended over time
than in Proins/rdl10”/" mice (Example 2). Furthermore, transgenic
Proins/rdl0”/" mice have ERGs comparable to healthy mice, al
least in photopic_(daytime) vision, at P30 (Example 2, Figure
4).

In addition, in the present invention it is observed that
the use of proinsulin in a form of administration allowing
physiological levels that are sustained over time allows
proinsulin to exert its neuroprotective function (see Example
1.4), in contrast to that observed with isolated subcutaneous
and intravitreal administrations of proinsulin. In this regard,
isolated subcutaneous administration of proinsulin has been

tested, but they were not successful in 4improving retinal
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neurodegeneration, probably because levels that were stable and

sustained over time were not obtained (Examples 3 and 4).
Another additional advantage is that proinsulin does not

have the metabolic effects of insulin and therefore, it can be

19 Dec 2008

S5 administered to patients whose glucose metabolism is not
altered. Although insulin also has antiapoptotic¢ activity in in
vitro studies, its normal metabeolic activity makes its use for a
treatment such as the one described herein unviable. The fact
that circulating sexum proinsulin achieves this rescue indicates

10 that it is a good treatment because it makes it easy to
administer. The application of proinsulin would be both a

preventive and suppressive treatment of neurodegenerative

2007253212

diseases, because it prevents the death of damaged neurcns.
In summary, chronic serum proinsulinemia levels (1-15 pM),
15 obtained by means of transgenic human proinsulin expression
controlled by the myosin light chain promoter, which could also
be obtained by means of other forms of sustained administration,
subcutaneous injection of human proinsulin carried on slow
release suppoxrts or expression vectors approved for gene
20 therapy, for example, can reach the retina and —reduce
photoreceptor neurodegeneration in the-genetic rdl0 mouse model.
Therefore, an object of the present invention is formed by
the use of a compound that induces the activity of proinsulin,
hereinafter use of an inducer compound of the present invention,
25 for the preparation of a medicinal product ox pharmaceutical
composition for the prevention and treatment of
neurodegenerative COnditions, disorders or diseases in which
programmed cell death occurs, preferably neurodegenerative
pathologies of the central and peripheral nervous systems, and
30 more preferably of the group of heredodegenerative diseases
known as retinitis pigmentosa. In a preferred embodiment of the
present invention, the pharmaceutical composition further
comprises a suitable carrier for systemically or locally
administering the pharmaceutical composition in a sustained
35 nmanner.
In the present invention, it is understood that a

pharmaceutical composition is suitable for its systemic or local
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sustained administration when said composition is

pharmaceutically carried, compressed oxr formulated such that it
is constantly released into the body, being maintained at an
effective dose in the target tissue for an extended time period.
In one aspect of the invention, any carrier suitable for
administering the pharmaceutical composition in a sustained
manner, for example although not limited to polymers or patches,
would be comprised within the scope of protection of the present
invention.

As used in the present invention, the term “compound that
induces the activity of proinsulin” relates to a molecule
mimicking, increasing the intensity or extending the duration of
the neuroprotective activity of human proinsulin protein. An
activator compound c¢an be formed by a chemical molecule, a
peptide, a protein or a nucleotide sequence, as well as those
molecules allowing the expression of a nucleotide sequence
encoding a protein with neuroprotective activity.

As used in the present invention, the term “neuroprotective
activity” relates to the reduction of the programmed cell death
process of cells that are primarily affected in the
neurodegenerative disease, and/or of the «c¢ells that are
sacondarily affected by neurodegeneration, and/or to the
enhancement of the neurofunctional activity of the remaining
cells,

As used in the present invention, the term
“‘neurodegenerative disease” relates to a disease, disorder or
pathology belonging, among others by way of illustration and
without limiting the scope of the invention, to the following
group: Alzheimer’s disease, Parkinson’s disease, multiple
sclerosis, retinitis pigmentosa, dementia with Lewy bodies,
amyotrophic lateral sclerosis, spinocerebellar atrophies,
frontotemporal dementia, Pick’'s disease, vascular dementia,
Huntington’s disease, Baten’s disease, spinal cord injury,
macular degeneration and glaucoma.

Thus, a particular object of the invention is formed by the
use of a compound that induces the activity of proinsulin in

which the inducer compound is a nucleotide sequence, hereinafter
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use of the proinsulin nucleotide seguence of the present

invention, allowing the expression of a neuroprotective protein
or peptide, and which is formed by one or several nucleotide
sequences belonging to the following group:
a) a nucleotide sequence formed by the nucleotide
sequence encoding human proinsulin (SEQ ID NO 1),
b) a nucleotide sequence similar to the sequence of a),
c) a fragment of any one of the sequences of a) and b),
and
d) a nucleotide sequence comprising any one sequence
belonging to: a), b), and/or c¢).

In the sense used in this description, the term “similar”
intends to include any nucleotide sequence which can be isolated
or constructed based on the sequence shown in  this
specification, for example, by means of intreducing conservative
and non-conservative nucleotide substitutions, including the
insertion of one or more nucleotides, the addition of one or
more nucleotides in any of the ends of the molecule or the
deletion of one or more molecules in any end or inside the
sequence, and which allows encoding a peptide or protein which
can mimic the activity of human proinsulin (SEQ ID NO 2).

Based on the information described in the present invention
and in the state of the axt, a person skilled in the art can
isolate or construct a nucleotide sequence similar to those
described in the present invention for its subsequent use.

A similar nucleotide sequence is generally substantially
homologous to the aforementioned nucleotide sequence. In the
sense used herein, the expression “substantially homologous”
means that the nucleotide sequences in question have a degree of
identity of at least 30%, preferably of at least 85%, oxr more
preferably of at least 95%. The preferred form of the nucleotide
sequence to be used is the human proinsulin nucleotide sequence
{SEQ ID NO 1) and derivatives thereof.

As used in the present invention, the term "nucleotide
sequence” relates to a DNA, cDNA or mRNA sequence.

A particular embodiment of the present invention is formed

by the use of a compound that induces the activity of proinsulin
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ga wherein the nucleotide sequence is formed by the SEQ ID NO 1
) encoding human proinsulin.
Eg The nucleotide sequence defined in section d) corresponds
AN to a gene construct and to a gene expression vector allowing the
— 5 expression of a proinsulin protein. In the case of the gene

construct, proinsulin gene construct of the invention, it can
also comprise, if necessary and to allow a better isolation,
detection or secretion to the exterior of the c¢ell of the
expressed peptide, a nucleotide sequence encoding a peptide
10 which c¢can be used for purposes of isolation, dJdetection or

secretion of said peptide. Therefore, another particular object

2007253212

of the present invention is formed by a gene construct
comprising, in addition to the proinsulin nucleotide sequence of V
the invention, any another nucleotide sequence encoding a

15 peptide or peptide sequence allowing the isolation, detection or
the secretion to the exterior of the cell of the expressed
peptide, for example, by way of illustration and without
limiting the scope of the invention, a polyhistidine (6xHis)
sequence, a peptide sequence which can be recognized by a

20 monoclonal antibody (for its identificatien, for example), or
any other sequence which is useful for purifying the fusion
protein resulting from immunoaffinity chromatography: tag
peptides such as ¢=-myc, HA, E-tag) (Using antibodies: a
laboratory manual. Ed. Harlow and David Lane 10 (19989). Cold

25 Spring Haxbor Laborxatory Press. New York. Chaptex: Tagging
proteins. Pp. 347-377).

The previously described nucleotide sequence and the gene
construct can be isolated and obtained by a skilled person by
means of using techniques that are widely known in the state of

30 the art (Sambrook et al. "Molecular cloning, a Laboratory Manual
2nd ed., Cold Spring Harbor Laboratory Press, N.Y., 1989 vol 1-
3). Said nucleotide sequences can be integrated in a gene
expression vector which allows regulating the expression thereof
in suitable conditions inside the cells,

35 Therefore, another particular object of the present
invention is formed by the use of a compound that induces the

activity of proinsulin wherein the nucleotide sequence of d) is
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an expression vector, hereinafter use of the proinsulin

expression vector of the invention, comprising a nuclectide
sequence or a gene construct encoding a proinsulin protein which
can induce neuroprotection. An example of a particular
embodiment is formed by the use of an expression vector prepared
in the present invention in which the expression is regulated by
means of a muscle-specific promoter and the nucleotide sequence
SEQ ID NO 1 (see Example 1).

In addition to the nucleotide sequence or the genetic
construct described in the invention, an expression vector
generally comprises a promoter dirxecting its transcription (for
example, pT7, plac, ptrc, ptac, pBaD, 5 ret, etc.), preferably a
tissue promoter, to which it is operatively linked, and other
necessary or suitable sequences controlling and regulating said
transcription and where appropriate, the translation of the
product of interest, for example, transcription initiation and
termination signals (t1t2, etc.), polyadenylation signal,
replication origin, ribosome binding sequences (RBS), seguences
encoding transcriptional regulators (enhancers), transcriptional
silencers, repressoxs, etc. Examples of suitable expression
vectors can be selected according to the conditions and needs of
each specific case from expression plasmids, viral vectors (DNA
or RNA), cosmids, artificial chromosomes, etc. which can further
contain markers that can be used to select the cells transfected
or txansforxmed with the gene or genes of interest. The choice of
the vector will depend on the host cell and of the type of use
to be carried out. Therefore, according te a particular
embodiment of the present invention said vector is a plasmid or
a viral vector. Sald vector can be obtained by conventional
methods known by the persons skilled in the art in the same way
as different widely known methods - chemical transformation,
electroporation, micrxoinjection, etc. - described in different
manuals [Sambrook, J., Fritsch, E.F., and Maniatis, T. (1989).
Molecular cloning: a laboratory manual, 2nd ed. Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y.] can be used for the
transformation of eukaryotic e¢ells and microorganisms. One

strategy could be to use lentiviruses to infect target cells, as
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is already being attempted in other types of therapies (Ralph

GS, Binley K, WNong LF, Azzouz M, Mazarakis ND (2006) Gene
therapy for neurodegenerative and oculaxr diseases using
lentiviral vectors. Clin Sci (Lond) 110: 37-46).

Gene expression systems can or cannot allow the integration
of new genetic material in the g¢genome of the host cell. The
nucleotide sequence, the gene construct or the proinsulin
expression vector can then be used as a medicinal product for
protecting human cells, preferably human neurons and/or glial
cells affected by a neurodegenerative alteration, in a process
of gene therapy prophylaxis and treatment of a human being
affected by a disease presenting neuronal and/or glial
alterations. Once these gene expression systems have been
administered to a human being affected by a neurodegenerative
disease, they can be generally or specifically introduced in
tissue cells where, once they have been integrated in the cell
genome, they allow the expression of a proinsulin protein, which
once it has been secreted to the extracellular medium, reaches
the central nervous system where it could ecarry out its
neuroprotective action (see examples).

In addition, these gene:expression systems can also be used
to transform human cells outside the human bedy, autoclogous or
heterologous in relation to the potential recipient, these cells
becoming compounds that induce proinsulin once they are
administered to a human being suffering from a neurodegenerative
disease because they express and release proinsulin protein with
neuroprotective activity for human neurons and/or glial cells.

Thus, another particular object of the present invention is
formed by the use of a compound that induces the activity of the
proinsulin in which the inducer compound is a preferably human
eukaryotic cell, hereinafter proinsulin cells of the invention,
which is genetically modified and comprises the proinsulin
nucleotide sequence, construct or expression vector of the
invention and can suitably express or release the proinsulin
protein to the extracellular medium.

These cells can be transformed, infected or transfected by

means of said nucleotide sequences by genetic engineering
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techniques known by a person skilled in the art. [Sambrook, J.,

Fritsch, E.F., and Maniatis, T. (1989). Molecular cloning: a
laboratory manual, 2nd ed. Cold Spring Harbor Laboratory). The
biopharmaceutical tools and gene therapy ©processes are
sufficiently known by a person skilled in the art such that they
can be developed without excessive effort with the information
described in the present invention.

Another particular embodiment would be the use of a human
cell transformed by means of the human proinsulin nucleotide
sequence (SEQ ID NO 1), from different cell strains, preferably
from the central nervous system more preferably a neurcn which
can be used as cells regenerating human tissue.

Furthermore, another particular object of the invention is
formed by the use of a compound that induces the activity of
proinsulin, in which <the inducer compound 1is a protein or
peptide, hereinafter use of the proinsulin protein of the
present invention, having neuroprotective activity, and
comprising one or several amino acid sequences belonging to the
following group:

a) an amino acid sequence formed by the human proinsulin
amino acid sequence (SEQ ID NO 2),

b) an amino acid sequence similar to the sequence of a)

c) a fragment of any one of the sequences of a) and b),
and

d) an amino acid sequence comprising any one seguence
belonging to: a), b), and/or c).

In the sense used herein, the term “similar” intends to
include any amino acid sequence which can be isolated ox
constructed based on the sequence shown in the present
specification, for example by means of introducing conservative
or non-conservative amino acid substitutions, inecluding the
insertion of one or more amino acids, the addition of one or
more amino acids in any of the ends of the molecule ox the
deletion of one or moxe amino acids in any end or inside the
sequence, and mimicking the neuroprotective activity of human
proinsulin.

Based on the information described in the present
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invention, a person skilled in the art can isolate or construct

an amino acid sequence similar to those described in the present
invention.

A similar amino acid sequence is generally substantially
homologous to the aforementioned amino acid sequence. In the
sense used herein, the expression “substantially homolegous”
means that the amino acid sequences in question have a degree of
identity of at least 30%, preferably of at least 85%, or more
preferably of at least 95%.

Another particular embodiment of the present invention is
formed by the use of an inducer compound of the invention in
which the inducer compound is human proinsulin protein human
(SEQ ID NO 2).

Another object of the present invention is formed by a
pharmaceutical composition or medicinal produet for the
treatment - of diseases, disorders or pathologies presenting
neuxodegenerative alterations, hereinafter pharmaceutical
composition of the prxesent invention, comprising a compound that
induces the activity of proinsulin of the invention, in a
therapeutically effective amount together with, optionally, one
orsimore pharmaceutically acceptable adjuvants and/or carriers
suitable for systemically ox locally administering the compound
that induces the activity of proinsulin in a sustained manner.

The pharmaceutically acceptable adjuvants and carriers
which can be used in said compositions are the adjuvants and
carriers known by persons skilled in the art and commonly used
in preparing therapeutic compositions.

In the sense used herein, the expression "therapeutically
effective amount” relates to the amount of agent or compound
which can develop neuroprotection, calculated to produce the
desired effect and which will generally be determined, among
other reasons, by the own characteristics o¢f the compounds,
including the age, condition of the patient, severity of the
alteration or disorder, and the route and £frequency of
administration.

In another particular empbodiment, said therapeutic

composition is pxepared in the form of a solid form or aqueous
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suspension, in a pharmaceutically acceptable diluent. The

therapeutic composition provided by this invention can be
administered by any suitable method of administration, for which
said composition will be formulated in the suitable dosage form

5 for the chosen method of administration. In a particular
embodiment, the therapeutic composition provided by this
invention is administered parenterally, orally, by nasal
inhalation, intraperitoneally, subcutaneocusly, etc. A review of

the different dosage forms Ffor administering medicinal products

10 and of the excipients necessary for obtaining them can be found,
for example, in the "Tratado de Farmacia Galénica”, C. Fauli i

Trillo, 1993, Luzan S5, S.A. Ediciones, Madrid.

2007253212

Another particular object of the present invention is
formed by a pharmaceutical composition of the invention in which

15 the neuroprotective agent or.compound belongs to the following
group: proinsulin sequence, genetic construct or expression
vector allowing the expression of a protein or peptide with
proinsulin activity.

A particular empodiment of the invention is formed by a

20 pharmaceutical composition of +the invention in which the
compound that induces the aetivity of pzroinsulin ‘is one or
several nucleotide sequences beleonging to the following group:

a) a nuclecotide sequence formed by the nucleotide
sequence encodihg human proinsulin (SEQ ID NO 1),

25 b) a nucleotide sequence similar to the sequence of a),

c) a fragment of any one of the sequences of a) and b),
and

d) a nucleotide sequence comprising any one sequence
belonging to: a), b), and/or c).

30 Another particular embodiment of the present invention is
formed by the pharmaceutical composition of the invention in
which the nucleotide sequence is formed by SEQ ID NO 1, encoding
human proinsulin.

Another particular embodiment of the present invention is

35 formed by a pharmaceutical composition of the invention in which
the nucleotide sequence is a human proinsulin expression vector.

Another particular object of the present invention is
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formed by a pharmaceutical composition of the invention in which

the compound that induces the activity of proinsulin is a
protein or peptide encoded by the proinsulin sequence, genetic
construct or vector of the invention.

A particular embodiment of the invention is formed by a
pharmaceutical composition of the invention in which the protein
or peptide that induces the activity of proinsulin belongs to
the following group:

a) an amino acid sequence formed by the human proinsulin
amino acid sequence (SEQ ID NO 2),

b) an amino acid sequence similar to the sequence of a),

c) a fragment of any one of the sequences of a) and b),
and

d) an amino acid sequence comprising any one sequence
belenging to: a), b), and/or c).

Another particular embodiment of the present invention is
formed by the pharmaceutical composition of  the invention in
which the amino acid sequence is formed by human proinsulin (SEQ
ID NO 2).

Another particular object of <the present invention is
formed by a pharmaceutical composition of the invention in which
the compound that induces the activity of proinsulin is a
preferably human cell, preferably a central nervous system cell,
transformed by the proinsulin sequence, construct or expression
vector of the invention.

Anothex object of the invention is formed by the use of the
pharmaceutical composition of the invention, hereinafter use of
the pharmaceutical composition of the iavention, in a method of
Lreatment or prophylaxis of a mammal, preferably a human being,
affected by a neurcdegenerative disease, disorder or pathology
of the central or peripheral nervous systems affecting human
beings, in which programmed cell death occurs, consisting of
administering said therapeutic composition in a suitable dose
which allows reducing said neurodegeneration.

The pharmaceutical composition of the present invention can
be used in a method of treatment in an isolated manner or

together with other pharmaceutical compounds.
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Another particular object of the present invention is

formed by the use of the pharxmaceutical composition of the
invention in a method of treatment of a neurodegenerative

disease belonging to the following group: Alzheimer’s disease,

19 Dec 2008

S Parkinson's disease, multiple sclerosis, retinitis pigmentosa,
dementia with Lewy bodies, amyotrophic lateral sclerosis,
spinocerebellar atrophies, frontotemporal | dementia, Pick's
disease, vasculaxr dementia, Huntington’s disease, Baten’s
disease and spinal cord injury.

10 Another particular embodiment of the present invention is
formed by the use of the pharmaceutical composition of the

invention in a method of treatment of a neurodegenerative

2007253212

disease belonging to the following group: retinitis pigmentosa,
macular degeneration and glaucoma.

15 Brief Description of the Content of the Drawings

Figure 1 shows a schematic representation of the insert of
cDNA of the human preproinsulin gene and of the plasmid pMLC-
hIns. (A) A schematic representation of the DNA seguence which
is inserted in the plasmid is shown. It corresponds to the c¢DNA

20 of the human proinsulin gene. The diagram shows the mRNA of the
462 base pair (bp) gene-which is formed by three exons (exonl=

El, exonZ= E2, exon 3= E3), The inserted DNA sequence i= the one
which is translated, the 347 bp ORF (Open Reading Frame). The
untranslated flanking areas (5’UTR and 3'UTR) are not inserted

25 in the construct. The protein which is translated is the 110
amino acid (aa) preproinsulin. This protein consists of a signal
peptide (signal pep.), chain B, peptide C and chain A. The
signal peptide is eliminated, leaving the proinsulin molecule.

(B} The plasmid contains the insert described in the previous

30 secticn 1.A, encoding the 110 amine acid preproinsulin protein
(thick area in black), under‘the transcriptional control of the
constitutive muscular promoter MLC1 (Myosin Light Chain) of the
striated muscle myosin light chain fibers. This plasmid is used

to produce the two 1lines of transgenic human proinsulin

35 producing mice which were crossed to reach hompzygosis for rdil0.
Figure 2 shows 12 pm cryostat eye sections of mice at P32,

in which the condition of rods and cones showing the progress of
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degeneration with different markers c¢an be observed. Wild-type

control mouse (A and D), homozygous rdl0 and transgenic mouse
producing proinsulin, Proins/rd10”°, (B and E) and control
homozygous rdl0 mouse (C and F). The outer nuclear layer (ONL)
in which the nuclei of the rods and cones are located can be
seen by means of nuclearx staining with DAPI. The inner nuclear
layer (INL) is where the nuclei of bipolar, amacrine, horizontal
and Miiller cells are 1located, An agglutinin labeled with
fluorochrome Alexa 488, the reaction of which shows the outer
segments (upper arrow) and the synaptic feet of the cones (lower
arrow), is used to label the cones. The bar represents 45 pum.

Figure 3 shows 12 pm eye cryoatat sections of mice at P32,
in which the condition of the synaptic connections can be
observed. Wild-type control mouse (A), homozygous rdl0 and
transgenic mouse producing proinsulin, Proins/rdl0°/~, (B) and
control homozygous zdlO0 mouse (C). The nuclear layers ONL, INL
and the ganglion cell layer (GCL) are shown. The plexiform
layers in which the synaptic connections oc¢cur, outex plexiform
layer (OPL) and inner plexiform layer (IPL) are located between
them. The figure shows the immunohistochemical labeling with the
SV2 antibody generally labeling the synaptic connections. The
bar represents 0.45 pm.

Figure 4 shows the results of the electroretinographic
recordings carried out at P30. Wild-type mouse (wt), control
Rd10™/" mouse and Proins/Rd10™/" mouse, both from line 1 (L1) and
from line 2 (L2). Examples of the electroretinographic responses
recorded in scotopic (night) condition, generated in rods (upper
row) and mixed responses (intermediate row) are shown foxr each
animal. The electroretinographic responses recorded in photopic
(daytime) conditions, generated in cones (lower row) are also
shown. The greater range of the responses obtained 1in
Proins/xd10”” mice from both lines (L. and L2) compared to the

/~ mice should be noted.

responses of RdA1l0~

Figure 5 shows the correlation between the human proinsulin
levels and the maintenance of vision parameters. The human
proinsulin levels in Proins/rdl0™" mice were determined at P32

in the quadriceps muscle of mice which had undergone a complete
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electroretinographic examination at P30. The respective values

of proinsulin and of the different vision parameters follow
hyperbolic curves. The amplitudes of the electroretinographic

waves bpax (recorded in response to 1.5 log cd.s.m?), oOP
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5 (oscillating potential), Dbpner (recorded in response to 1.5 log
ed.s.m™?), and the Flicker response are shown.

Figure € shows the results of the electroretinographic
recordings carried out on different days. Wild-type mouse (wt),
control RA10™" mouse and Proins/Rd10”/" mouse, on different days

10 of postnatal development: P35, P45, P55. A shows examples of the
responses recorded in scotopic conditions, exclusive for xods (-

2.55 log cd.s.m™®), and mixed responses (1.48 log cd.s.m™?) for

2007253212

each type of animal and at the different times of postnatal
develcpment. B ‘also shows examples of the responses recorded in
15 photopic conditions, generated in cones (1.48 log cd.s.m™?) for
each type of animal and at the different times of postnatal
development.
Figure 7 shows the presence of human proinsulin in the
retina after its subcutaneous injection. Quantification of human
20 proinsulin by ELISA in retinal extracts of C57B1/6 mice
subcutaneously injected with the indicated amounts of
proinsulin, 2 hours before preparing the extract, or daily,
between Pll and P14, the last injection also being 2 hours
before preparing the extract.

25 Figure 8 shows the effect of the subcutaneous injections of

human proinsulin on the retinal Thistolegy of mice in
neurodegeneration. Retinal sections of Rdl”/" miee at P14
injected every 12 hours hetween P6 and Pl4 or P18 with human
proinsulin (B and DY) or carrier (A and C). The 1loss of
30 photoreceptors in the outer nuclear layer can be observed by
means of nuclear staining with DAPI in all the cases, ONL, outer
nuclear layer; INL, inner nuclear layer, GCL, ganglion cell
layer. The bar represents 25 upm.
Figure 9 shows the effect of the subcutaneous injections of
35 human proinsulin on the retinal histology of mice in
neurodegeneration. Electroretinograms of Rd1™”" mice injected

every 12 hours between P6 and P14 or P18 with human preinsulin
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(Proing) or carrier (PBS). Electrorxetinograms of litter sibling

rd mutant mice subjected to the different treatments are shown.
The injection of proinsulin did not show the visual. function
loss process.

EXAMPLES

Following specifie examples provided herein sexve to
illustrate the nature of the present invention. These examples
are only included for illustrative purxposes and must not be
interpreted as limitations to the invention c¢laimed herein.
Example 1.- Human proinsulin can prevent retinal rod death and
maintain the synaptic connections in transgenic Proins/rd107/"
mice.

1.1.- Production of two transgenic lines producing human
proinsulin and homozygotes for the rdl0 mutation (Proins/rdl0~’")

After obtaining several 1lines of transgenic  human
proinsulin-producing mice under the control of the striated
muscle myosin light chain (MLCl) constitutive promoter, the
genetic background of which was 50% C57B1/6 and 50% SJL, they
were successively crossed with homozygous rxdl0 mice (100%
C57B1/6). The genetic background was thus homogenized until
reaching a percentage greater than 95% C57B1/6 and Proins/rd10”/"
mice were obtained. This was achieved from the sixth backcross,
obtaining two main lines, L1 and L2 (L2 animals have been used
in the following examples, whereas the results described in
Figure 4 ERG at F30 have also been carried out with L1 animals;
the proinsulinemia and blood sugar analyses have also been
carried out in both).

In the present invention, wild-type mice are understood as
the mice used as control. It has no alteration. It is commercial
and its name is C57B1/6J, from Jackson laboratories.

rdl mice are understood as the commercial mice carrying the
mutation in the rod-specific cyclic GMP phosphodiesterase gene,
the trade name of which is Pdeb™/*!, from Jackson laboratories,

rdl0 mice are understood as the commercial mice carrying
the mutation in the rod-specific c¢yclic GMP phosphodiesterase
gene, the trade name of which is Pdep™%/*°  from Jackson

laboratories.
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Proins/rdl0™/" mice are understood as the mice generated by

¢crossing which are rdl0 mice and transgenic human proinsulin-
producing mice under the striated muscle promoter MLCl. The
construct introduced in these mice carries the cDNA of human
proinsulin protein controlled by light chain myosin muscular
promoter, the expression of which is constitutive (Figure 1B,
SEQ ID NO 1). A variability in the expression is observed, which
can be due to the different penetrance of the transgenic mice.
This is correlated with the production of human proinsulin found
in serum,

The construct used <to generate the transgenic mice
consisted of a plasmid (pMLC-hIns) with a size of 6.4 kb. The
expression is mediated by the myosin light chain constitutive
muscular promoter (MLC). The cDNA of the human proinsulin gene
is cloned between the two EcoRI sites (Figure 1B).

Genotyping. The genomic DNA was obtained from the tissues
according to the technique described by Miller et al., 1988
(Milier, S.A., Dykes, D.D. and Polesky, H.F. (1%88) A simple
salting out procedure for extracting DNA from human nucleated
cells. Nucleic Acids Res, 16, 1215.). The tails of weaned mice
were digested in 0.5 ml of lysis buffer (40 mM Tris-HC1l, pH 8.0,
20 mM EDTA, 0.5% SDS and 200 mM NaCl) with 0.3 mg of Proteinase
K (Boche Diagnostics, Mannheim, Germany). Once the DNA was
precipitated, it was cleaved with the HindIIl enzyme (Roche). 10
pug of genomic DNA were used which were digested with the HindIIX
enzyme in a final volume of 50 ul, overnight at 37°C. They were
loaded into each individual well of a 12 cm long 1% agarose gel
for a good size separation. Prior to the transfer, the gel was
prepared with the following solutions: £first 15 minutes with
depurination solution (0.5 M HCl), then 30 minutes with
denaturing solution (0.5 N NaOH and 1.5 M NaCl), and finally 30
minutes with neutralizing solution (0.5 M Tris-HC1, pH 8). DNA
fragmentation is achieved with this treatment, whereby its
transfer is facilitated. Nylon membranes (Schleicher & Schuell
BioScience, USA) wexe used and the DNA was fixed to the membrane
by UV radiation in the Stratalinker oven (Stratagene, La Jolla,

CA, USA). The wet transfer was carried out overnight at room
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temperature.

For the genotyping, a 32P-radioactively labeled probe in
the dCTP base against the human proinsulin c¢DNA seguence
inserxted in the construct was used. The template for making the

5 probe was obtained from the plasmid itself, digesting with EcoRX
(Roche) .

19 Dec 2008

The insert released after digesting the construct with

EcoRI was purified by the DNA extraction kit (Millipore). The
probe labeling was performed using the Random primer Kit

10 (Stratagene) in the presence of [**P)dCTP. The probe was
subsequently purified in Microspin G25 columns (Amersham

Pharmacia Biotech).

2007253212

The membrane was prehybridized at 65°C with a solution
containing 50% formamide, Denhardt 1lx (0.02% Ficol, 0.02%
15 polyvinylpyrrolodone and 0,02% BSA), 1% SDS, 5x S5C (0.15 M NacCl
and 15 mM sodium citrate at pH 7.2) and 0.1 mg/ml of salmon
sperm DNA for at least 2 hours; it was subsequently hybridized
at 65°C overnight with the prehybridization solution, to which
1.5x10° cpm/ml of the probe were added. Two washes of 15 minutes
20 with 2x SSC at room temperature, another wash of 30 minutes with
2x-:§8C 1% 38SDS and a final wash of 30 minutes with 2x SSC and
0.1% SDS at 62.5°C were carried out.
Once the filters were washed, without allowing them to dry,
they were wrapped in a GLAD type plastie¢ and were exposed
25 between two amplification screens (Genescreen plus, DuPont) to a
Kodak Biomax MS type 18x24 cm photographic film (Eastman Kodak
Company, Rochester, NY, USA). An exposure time of 3-4 days was
requixed to obtain a sharp signal. The probe produced against
human proinsulin cDNA detected a 1.5 Kb band in the genomic DNA
30 gel.
zd1l0 mice have a point mutation located in exon 13 of the
rod-specific cyclic GMP phosphodiesterase 6 enzyme gene. In
wild-type mice there is a cleavage site with the Cfol enzyme in
that location., In the case of mutants, the enzyme cleavage site
35 disappears. This allowed an intrinsic genotyping technique
control.

Genomic PCR was carried out with the following primers: 3-
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CTTTCTATTCTCTGTCAGCAARAGC-5 (Oligo A, SEQ ID NO 3) and 3-

CATGAGTAGGGTAAACATGGTCTG-5 (oligo B, SEQ ID NO 4) which
amplified a 97 bp fragment. The PCR product was then subjected
to digestion with the Cfol enzyme (Roche) for two hours at 37°C.
It was then fractioned in a 3% Metaphor agarose gel. Wild-type
mice showed two 54 and 43 bp bands, after digestion. Homozygous
rdl0 mice gave a single 97 bp band, because the enzyme did not
cleave the amplicon and the heterozygous rdl0/+ mice showed
three bands (of an allele which is cleaved and the other one is
not). No type of variability between individuals was found in
this gene, which means that degeneration follows a standarxd
pattern which is usually fulfilled in the same manner for all
the individuals having it.

1.2.- Determination of blood sugar and of proinsulin levels in
transgenic mice.

The blood sugar of all the mice was measured with test
strips (Accu=-Chek, Roche) after 12 hours of fasting. The normal
levels of a mouse are usually Dbetween 100 and 200 mg/dl. A
variation of between 80 and 150 mg/dl was found in Proins/rd10™/"
double mutants, which variation was not directly correlated with
the - -proinsulinemia levels.

A commercial ELISA assay (Linco Research, MO, USA) was used
to detect the human proinsulin production levels by transgenic
mice, which specifically detects human prxoinsulin.

Muscle and serum of both transgenic and control mice were
analyzed. In the «case of gerum, all the manufacturer's
recommendations were followed but in the case of muscle, a prior
protein extraction with a 1lysis buffer(50 mM Tris-HC, pk 7,
0,100 mM NaCl and 0.1% Triton) and a quantification thereof with
the BCS kit (Pierce, Rockford, IL, USA) were required.

Human proinsulin detected in muscle extracts was always
very high and it had to be corrected by the amount of protein.
Human proinsulin detected in serum ranged between 1 and 15(?M.
This concentration was measured in a volume of 20 pl, adcording
to the manufacturer’s instructions. The measurements were made
systematically at P30. This indicated that transgenic

Proins/rdl0”’" mice produce human proinsulin in muscle and that
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it is poured into the blood circulation where it can reach the

neural retina.
1.3.- Immunostaining in cryostat retinal sections of transgenic
mice.

The retinal histology was analyzed in P32 mice (Figure 2),
comparing wild-type mice which do not suffer from degeneration
(A and D), Proins/rd10”" mice (B and E) and rdl0”" mice (C and
F), whiech do suffer from degeneration. On P32, at which
degeneration 1s very advanced in the retinas of rd10™~/" nice, the
number of photoxeceptive cells per column, the condition and
abundance of cones and the condition of the synapses was
analyzed (Figure 3). It was thus intended to verify the
condition of the retina in general and the progress of
degeneration with different markers.

All the tissue was embedded Tissue-tec (Sakura Finetek
Europe B.U. The Netherlands), they were frozen in dry ice and
stored at -80°C until their processing., 12 um thick cryostat
sections were made., They were ¢ollected in poly-L-lysine ¢oated
slides (Fisher Biotech, Pittsburgh, USA) and kept at ~80°C until
their use.

In all cases, whichever the staining to be carried out,
after removing the slides from the freezer, they were left at
room temperature for half an hour and were fixed with 4%
paraformaldehyde (PFA) for 20 minutes, after which they were
washed with PBS.

It was decided to label the remaining cones, because as
they degenefate in a secondary‘ manner, without having any
mutation, they could give an idea of the condition of the retina
and its maintenance. In turn, it was enough to count the number
of rows of cells remaining in the thickness of the outexr nuclear
layer (ONL) to see the progress of degeneration. A fluorochrome

Alexa 488-labeled agglutinin (Molecular Probes, Eugene, OR, USA)

- —was—used for—2- howuzs in a--setution of- PBS—with 0-1% BSA —for

labeling the cones. The washes were carried out with a solution
containing 1 mM MgCl; and 1 mM CaCl,. The outer segments of the
cones and the axon terminals thereof were thus detected. The

sections were mounted with mounting medium with -DAPI, <to
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counterstain the nuclei.

The wild-type control mice without degeneration have
between eight and twelve rows of nuelei in the ONL (Figure 2D).

The number of cones, carrying the outer segments and also the

19 Dec 2008

S synaptic buttons thereof in the OPL, is quite representative by
the agglutinin staining observed in the OPL (Figuxe 2A). In the
control rdl0™" mouse, the number of rows of rods in the ONL was
quite small, between 1 and 2 rows, because the degeneration at
this point was quite high (Figure 2F). What is most surprising

10 is that the cones had already started to degenerate at this
point, although they were not primarily affected by the mutation

(Figure 2C). It was observed that hardly any cone outer segments

2007253212

appeared and the number of synaptic buttons thereof was

considerably reduced. In Proins/rd10”’" mice, 5-6 rows of rod

15 nuclei were observed in this case, which was one of the mice in

which the greatest proinsulinemia was detected (Figure 2E). The

condition of the cones was very good; in fact it was similar to

wild-type mice. The outer segments thereof and the synaptic

buttons in the OPL indicating the good cone conservation can be

20 seen (Figure 2B). A variety in ONL conservation which was
correlated with the blood proinsulin level was observed.

Furthermore, the condition of the plexiform layers (Figure

3), where the synaptic connections of the neurons take place,

was analyzed, because this treatment with proinsulin intends not

25 only to prevent or delay the death of degeneration but to keep

the cells alive, either whether they have intrinsic damage or

are altered in a secondary mannexr oY whether they are

functional. For the staining with SV2 (synaptic vesicle 2)

antibody, the cryostat sections, after the fixing with 4% PFA,

30 were permeated with 0.1% Triton x~100 and blocked with 10% NGS

{normal goat serum) in PBS for 1 hour. The SV2 antibody, at a

1:50 dilution, is bound to a protein of the synaptic vesicles,

thus labeling the retinal. plexiform layers (outer plexiform

layer, OPL, and the inner plexiform 1layer, IPL). It was

35 incubated at 4°C overnight in the blocking solution. The

incubation with the Alexa 488-conjugated secondary antibody

(1/200) was carried out for 1 hour at room temperature, After
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the corresponding PBS washes, the sections were mounted with

mounting medium with DAPI, to counterstain the nuclei.

Expression was observed in the two retinal plexiform
layers, the outer plexiform layer (OPL) and the inner plexiform
layer (IPL) (Figure 3). The inner plexiform layer, where the
bipolar interneuron connections with the neurons projecting to
the brain, the ganglion cells, occur, showed considerable
staining and good condition in the three c¢ases. The difference
was in the outer plexiform layer, where the connections of the
photoreceptive cells with the bipolar interneurons are mainly
located. The OPL was quite defined and intense in the wild-type
control mouse (Figure 3A) and in the transgenic Proins/rdl0™/"
mouse (Figure 3B). The control rdl0 mouse maintained the
staining in the IPL, but the OPL conserved qQuite unorganized and
little staining (Figure 3C). Even synapse projection attempts
between the nuclear layers were found in this control rdl0™’"
mouse due to the lack or organization and to the fact that the
remaining neurons lose their synapses with the photoreceptors.
This indicated that the functional condition of the retina in
Proins/rdl0”/" mice is better than in rdl0”" mice without
treatment.

This showed that in the transgenic Proins/rd10”/" mouse,
human proinsulin can maintain synaptic connections longer than
in the degeneration situation without treatment. This would
involve that, in addition to delaying the degenerating cell
death, it keepsbthem in good condition and they can carry out
their bieclogical function.

The histologically observed improvements in Proins/rd10™/"
mice over rdl0”/" mice are more obvious with the subsequent
electroretinographic recordings (Figures 4 and 5).

In addition, to analyze the value of the proinsulin levels
in the neuroprotective effect, assays were carried out with
models other than the chronic and progressive damage that is
found in genetic models of neurodegenerative diseases of the
retina and of other parts of the nervous system, as well in
those associated to senility. Thus, preliminary studies were

conducted in which retinal ganglion cell death was caused in

COMS ID No: ARCS-217865 Received by IP Australia: Time (H:m) 17:19 Date (Y-M-d) 2008-12-19

COLLISON > IP AUSTRALIA 2 065/085



19/12 2008 16:40 FAX 6182311273

19 Dec 2008

2007253212

10

15

20

25

30

35

32
adult rats by means of acute damage ~ cutting of the optic nerve

- and they were administered with human proinsulin
subcutaneously. This treatment caused a slight delay in ganglion
cell death, until the inevitable moment in this acute damage
paradigm (data not shown) . Human proinsulin was also
administered by subcutaneous and intravitreal injection as a
treatment in these rd mice (Figurxes 8 and 9), but the
degeneration did not stop, although proinsulin injected
subcutaneously was able to reach the heurxoretina (Figure 7).
These results indiecate that serum proinsulin can reach damaged
areas of the central nervous system and exert neuroprotective
actions only when sustained and extended levels are reached.

Example 2.- Human proinsulin improves the visual function

assessed by ERG in transgenic Proins/rdl0"/"

mice compared to
contrxol and ill mice.

Although the mice were always Kkept in 12-hour light-
darkness cycles, for the electroretinographic study, the mice
were adapted to darkness overnight. For informative purposes,
the cones are responsible for photopic (daytime) visien and the
rods for scotopic (night) vision. The mice were anesthetized
under a weak red light with an intraperitoneal injection of a
solution containing ketamine (at 95 mg/kg) and xylazine (at 5
mg/kg). The pupils were dilated with a drop of a solution
containing 1% tropicamide (Colircusi Tropicamida, Alcon Cusi,
SA, El Masnou, Barcelona, Spain), The recording electrode is a
lens which was placed in the mouse eye. The reference electrode
was placed in the mouth and the ground electrode was placed on
the tail. The anesthetized animals were placed in a Faraday cage
and all the scotopic experiments were carried out in complete
darkness. The electroretinographic responses induced by flashes
of low intensity light produced by a Ganzfeld stimulator were
thus recorded, allowing to record the responses generated in
rods only (rod response) or cones and rods (mixed response) in
adaptation to darkness. The intensity of the light stimuli used
were set to values comprised between -4 and 1.52 log ed.s.m™.
The 1light intensity was determined by means of a photometer

(Mavo Monitor USB) at the eye level. A maximum of 64 responses
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was averaged for each stimulus intensity. The interval between

light stimuli changes depending on the intensity, thus, for low
intensity stimuli (-4 log cd.s.m?) the time between stimuli was
set to 10 seconds and for high intensity stimuli (1.52 1log
cd.s.m?) it was 60 seconds. The animal was adapted to photopic
conditions for the purpose of recording cone isolated responses.
Under these conditions, the interval between light flashes was
set to 1 second.

The electric signals from the retina were amplified and
filtered between 0.3 and 1000 Hz with a Grass amplifier (CP511
AC amplifier, Grass Instxuments, Quincy, MR). The signals were
digitized (PC-card ADI instrumeqts, CA}). The recordings were
stored in the computer for their subsequent analysis.

The rod-mediated responses were recorded in darkness
adaptation conditions, before the application of light flashes
with intensities comprised between =4 and ~1.52 log e¢d.s.m"2. The
mixed responses generated by the cones and rods were recorded
before the application of 1light flashes with intensities
comprised between -1.52 and 0.48 log cd.s.m?. The oscillating
potentials wexe also isolated by means of applying electric
filters comprised between 100 and 1000 Hz. The cone-mediated
response was recorded in light adaptation conditions (recording
background light of 30 cd.m™), before the application of light
flashes with intensities comprised between =0.52 and 2log
cd.s.m’?. The Flicker responses (30 Hz) were recorded in
adaptation to light, before stimuli of 1.48 log cd.s.m™.

Figure 4 shows the electroretinographic responses recorded

both in adaptation to darkness (scotopic conditions) and in

adaptation to 1light (photopic conditions) of wild-type (WT),
control rdl0”" and Proins/rd10”” mice obtained at P30, both from
line 1 and fxrom line 2.

Figure 5 shows the result of analyzing the correlation
between the electroretinographic responses between insulin and
the proinsulin levels in a larger ¢group or mice., This
correlation suggests a dose-response relationship supporting the
possible efficiency of a pharmacological approach with human

proinsulin.
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In addition, Figure 6 shows the electroretinographic

records corresponding to wild-type (wt), ce¢ontrol rdl0 and
Proins/rd10”’" miece from line 2 obtained at different times of
postnatal development (P35, P45 and P55). The recordings
obtained in scotopic (adaptation to darkness) and photopic
(adaptation to 1light) conditions are shown separately. It was
observed how wild-type mice generated scotopic (rods) and
photopic (cones) electroretinographic responses with a wide
range at P35. The responses were nil at P35 in control rdl0™/"
mice, both the responses generated in rods and in cones.
Proins/rd10”/" mice maintained very significant photopic and
scotopic electroretinographic responses at P35 and achieved
maintaining a certain degxee of response up to P55. It was thus
observed that the visual response was better in transgenic
Proins/rd10™/” mice and is more extended over time.

Example 3.-Effect of proinsulin by intravitreal injection into
the retina of xdl mice.

To carry out the following Examples 3 and 4, rdl type mice,
sharing the same C57BL/6 genetic background with xdl0 mice, as
well as a different mutation but in the same rod-specific cye¢lic
GMP phosphodiesterase gene, wexe used.

With régard to the effect of proinsulin by intravitreal
injection into the retina of rdl mice in vive, specifically the
intravitreal injection of 1 pug, at a concentration of 1 ug/ul,
of human proinsulin in rdl mice at P13. The right eyes were
injected with proinsulin and the left eyes with the carxier. The
injections were single injections and the effects were analyzed
24 or 48 hours later by TUNEL, both in retinas mounted 1in a
planar manner and in sections. In the latter, the number of
photoreceptors remaining in the outer nuclear layer was also
evaluated, The TUNEL (TdT-mediated dUTP Nick End Labeling)
technique was used to detect cell death. The terminal
transferase enzyme (?dT) adds fluorescein-labeled nucleotides
(dUTP) to the free 3’'0OH ends of the DNA, which allows detecting
the DNA fragmentation occurring during programmed cell death.
The Promega TUNEL kit was used. The technique was carried out on

cells, sections or tissues. After a permeabilization step
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according to the nature of the tissue, it was washed with PBS

and preincubated with the kit solution for 30 minutes at room
temperature. The reaction mixture was prepared according to the
manufacturer’s instructions and the reaction was carried out for
1 hour at 37°C. The reaction was then stopped with 2x S8SC
solution for 15 minutes at room temperature. It was washed with
PBS and mounted with Vectashield. To detect cell death in
retinas mounted in a planar manner, the whole neural retina,
dissected from the remaining elements of the eye, was mounted
under the microscope on a black nitrocellulose membrane
{Sartorius, Goettingen, Germany), for better contrast during
handling. It was generally placed with the photoreceptor layer
placed upwafds, being adhered to the nitrocellulose with the aid
of fine dissecting forceps. The retinas mounted in a planar
manner were fixed with 4% (w/v) PFA in 0.1 M phosphate buffer,
PH 7.1, overnight at 4°C in 24-well plates. On the next day,
they were washed with PBS and with BSA (30 mg/ml in PBS). The
permeabilization was carried out with 1% (w/v) Triton X-100 in
PBS (4 times, 30 minutes each time) and enzymatically, with
collagenase and proteinase K, previously eliminating the Triton
X-100 residues by washing well with PBS. The c¢ollagenase (20
U/ml) was allowed to aet for 1 hour at 37°C and then proteinase
K (20 pg/ml) for 15 minutes at 37°C. It was then necessary to
refix the retinas for at least two hours. They were washed well
with PBS and with BSA (30 mg/ml in PBS) and the TUNEL reaction
was carried out as indicated above. The retinas mounted in a
pPlanar manner were analyzed by confocal microscopy (Leica TCS-
SP2-A0BS) .

To locate cell death within the retinal layers, the TUNEL
technique was carried out on retinal sections such as those
described above, always fixed in 4% (w/v) PFA in 0.1 M phosphate
buffer, pH 7.1 and cryoprotected with 304 (w/v) sucrose in 10 mM
phosphate buffer, pH 7.1. For the TUNEL labeling in sections,
less permeation is required than of retinas mounted in a planar
manner. Thus, two series of permeation with BGT [100 mM glycine,
3 mg/ml BSA, 0.25% (w/v) Triton X-100 in PBS]) of 15 minutes each
were carried out. They were washed with PBS and the TUNEL
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reaction was carried out as indicated. To c¢over all the sections
of a slide, 50 ul of the corresponding reagents were added and
they were covered with parafilm®.

None of the quantifications (TUNEL in sections, TUNEL in

retinas mounted in a planar manner, photoreceptors in sections)

provided bétween the

significant differences treatment with

proinsulin and the carrxier.

Example 4.- Effect of preoinsulin by subcutaneous injections in

rdl mice.

A new route of administration, subcutaneous injection, was

tested in order to carry out more extended treatments. This

route,

routinely used for insulin administration in diabetic

patients, 1is much less traumatic than intravitreal injection.
Furthexmore, the human proinsulin administration in this manner
had given preliminary positive delay results in retinal ganglion
cell degeneration after cutting the optic nerve in adult rats. A
number of protocols carried out to

were optimize the

pharmacological supply of human proinsulin (Table).

@ 070/085

INTERVAL Injection | Number Rod Visual Preszence
Frequency of maintenance | function in
mice retina
P14 (5 pg) single 6 nd nd + (Fig.
7)
P11-P14 24h 6 nd nd + (Fig.
7)
P8-P15 24h 6 - nd nd
P6-P1l4 24h 6 - nd nd
P4-P14-P18 12h 7 -(Fig. 8) -(Fig. 9) nd
TABLE: It shows the experimental approach followed in each of

the attempts of subcutaneous injection of human proinsulin. In

all cases,

the injected amount was 1.6 pg of human proinsulin,
except in case 1, which was a single dose of 5 pg and in case 5,
from P14 to P18, which was of 2.5 pg. (nd= not determined). The
number of animals xelates to the total of siblings per litter
and experiment, half of them normally being injected with PBS

and the other half with human proinsulin.
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It was first determined if proinsulin reached the retina by
means of subcutaneous injection. To that end, studies were
conducted in mice injected subcutaneously with proinsulin by
means of an ELISA that detected human proinsulin (Figurxe 7)
(Linco Research, MO, USA).

This assay was designed to detect serum proinsulin, so it
had to be adapted to muscle and retinal extracts. To detect the
human proinsulin production levels by transgenic mice, rnuscle
and retinal, as well as serum, extracts were analyzed. In the
case of serum, blood was drawn from the lacrimal sac area of
mice eyes with a Pasteur pipette. It was transferred to an
eppendorf tube where it was allowed to clot for 2 hours at room
temperature and was centrifuged at 1,300 g for 15 minutes, to
collect the serum, which was frozen until its use. In the case
of the tissues, a protein extraction was carried out with a
lysis buffer (50 mM Tris-HCl, pH 7, 100 mM NaCl and 0.1% (w/v)
Triton X-100] and a quantification of the extracted protein with
the BCA kit (Pierce) werxe carried out. The neural retinas were
extracted with a volume of 60 pl each. The muscles of the hind
legs were extracted in a volume of between 200 and 300 ul,
according to the piece of muscle obtained.

In the case of Serum, all the manufacturerx’s

recommendations were followed, always putting 20 pul duplicates.

" In the case of the tissues, 20 pl of extract were also placed in

duplicate, serial dilutions being occasionally used for greater
accuracy. The retinal and muscle extract data were corrected by
the amount of protein.

It was possible to identify human preinsulin in a P14 wild-
type mouse retinal extract only 2 hours after a subcptaneOus
injection, in a dose-dependent manner. A 1.6 png dose produced a
retinal concentration of 0.72 pM, whereas a 5 pg dose produced
3.62 pM. The daily administration of 1.6 ug between P11 and Pl4
was able to produce higher, possibly accumulated, levels of 3.56
PM. Thus, this approach confirmed the capacity of peripheral
exogenous proinsulin to reach the neural retina and the greater

effectiveness of a repetitive treatment, at least in achieving
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higher proinsulin levels in the retina.

The effect of repetitive treatment in various intervals on
photoreceptors in neurodegeneratioh and on the visual function
determined by electroretinogram (Table; Figures 8 and 9) was
verified. A daily dose of 1.6 pg between P8 and P15 was first
injected. In this case, there was no protective effect at the
histological level. To start the rescue earxlier, with the belief
that <the effect could be more evident if proinsulin was
administered before the degenerative process started, the
treatment was tested between P6 and P14, the maintenance of the
photoreceptors not being obtained this time. For the purposze of
attempting histological recovery and also of evaluating the
visual function by means of electroretinograms, the protocol was
modified, two daily injections of 1.6 pg of human proinsulin
between P6 and Pl4 being carried out. Some animals were
maintained up teo P18, the proinsulin dose being increased to 2.5
ug in this second period. This treatment had no protective
effects at the histologiecal 1level (Figure 8) or at the
functional level (Figure 9).

The most usual result was lack of histological recovery
and lack of visual function by ERG (Figure B8 and Figure 9),
despite the fact that injected proinsulin was able to reach the
retina in which all the elements enabling a response to it were

apparently located.
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AMENDED CLAIMS

The use of a compound that induces the activity of proinsulin for the
preparation of a medicinal product or pharmaceutical composition for the
prevention and treatment of neurodegenerative conditions, disorders or

diseases in which programmed cell death occurs.

The use of a compound according to claim 1 wherein the compound is
administered in a sustained manner so as to obtain chronic proinsulinemia
levels of 1-15 pM.

The use of a compound according to claim 1 wherein the compound is
administered intravitreally. |

The use of an inducer compound according to claim 1, characterized in

that the neurodegenerative disease is retinitis pigmentosa.

The use of an inducer compound according to claims 1-4, characterized in

that the inducer compound is selected from the group consisting of

a) a nucleotide sequence allowing the expression of a neuroprotective
protein or peptide and which is formed by one or several nucleotide
sequences belonging to the following group:
i. anucleotide sequence formed by the nucleotide sequence encoding
human proinsulin (SEQ ID NO 1),
ii. anucleotide sequence similar to the sequence of a),
ii. afragment of any one of the sequences of i) and ii), and
iv.  a nucleotide sequence comprising any one sequence belonging to:
i), ii), and/or iii);
b) a protein or peptide having neuroprotective activity and comprising one

or several amino acid sequences belonging to the following group:
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i. an amino acid sequence formed by the human proinsulin amino

acid sequence (SEQ ID NO 2),
ii. anamino acid sequence similar to the sequence of i),
ii. afragment of any one of the sequences of i) and ii), and
iv. an amino acid sequence comprising any one sequence belonging
to: i), ii), and/or iii);
¢) a human eukaryotic cell which is genetically modified and comprises
the proinsulin nucleotide sequence, construct or expression vector and
can suitably express or release the proinsulin protein to the
extracellular medium,
d) the human proinsulin protein (SEQ ID NO 2).

The use of a compound that induces the activity of proinsulin according to
claim 5, characterized in that the nucleotide sequence is formed by SEQ
ID NO 1 encoding human proinsulin.

- The use of a compound that induces the activity of proinsulin according to

claim 5, characterized in that the nucleotide sequence of iv) is formed by a
gene construct comprising the proinsulin nucleotide sequence (SEQ ID NO

1),

The use of a compound that induces the activity of proinsulin according to
claim 5, characterized in that the nucleotide sequence of iv) is formed by
an expression vector comprising a nucleotide sequence or a genetic

construct encoding a proinsulin protein which can induce neuroprotection.

The use of a compound that induces the activity of proinsulin according to
claim 8, characterized in that the expression vector contains the nucleotide
sequence SEQ ID NO 1 and a tissue-specific, preferably a muscle-specific
promoter.

The use of a compound that induces the activity of proinsulin according to
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claim 5 characterized in that the eukaryotic cell is a human cell

transformed by means of the human proinsulin nucleotide sequence (SEQ
ID NO 1).

The use of a pharmaceutical composition or medicinal product
characterized in that it comprises a compound that induces the activity of
proinsulin in a therapeutically effective amount together with one or more
pharmaceutically acceptable adjuvants and/or carriers, in a method of
treatment or prophylaxis of a human being affected by a
neurodegenerative disease, disorder or pathology in which programmed
cell death occurs.

The use according to claim 11 suitable for maintaining a systemic or local
sustained administration of the incudr compoubnd so as to obtain chronic
proinsulinemia levels of 1-15 pM.

The use according to claim 11 wherein the composition is administered
intravitreally.

The use according to claim 11, characterized in that the compound that
induces the activity of proinsulin is selected from the froup consisting of
a) one or several nucleotide sequences belonging to the following group:
i.  anucleotide sequence formed by the nucleotide sequence encoding
human proinsulin (SEQ ID NO 1),
ii. anucleotide sequence similar to the sequence of i),
iii. afragment of any one of the sequences of i), and ii), and
iv. a nucleotide sequence comprising any one sequence belonging to:
i), i), and/or iii); '
b) a protein or peptide belonging to the following group:
i. an amino acid sequence formed by the human proinsulin amino
acid sequence (SEQ ID NO 2),

ii. anamino acid sequence similar to the sequence of i),
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ii. afragment of any one of the sequences of i) and ii), and

iv. an amino acid sequence comprising any one sequence belonging

to: i), ii), and/or iii);

c) a human cell, preferably a central nervous system cell, transformed by a

proinsulin sequence, construct or expression vector.

15.

16.

17.

18.

19.

20.

21.

The use according to claim 14, characterized in that the nucleotide

sequence is formed by the SEQ ID NO 1 encoding human proinsulin.

The use according to claim 14, characterized in that the nucleotide
sequence of iv) is formed by a gene construct comprising the proinsulin
nucleotide sequence (SEQ ID NO 1).

The use according to claim 14, characterized in that the nucleotide
sequence of iv) is an expression vector comprising a nucleotide sequence
or a gene construct encoding a proinsulin protein which can induce

neuroprotection.

The use according to claim 17, characterized in that the expression vector
contains the nucleotide sequence SEQ ID NO 1 and a tissue-specific,

preferably a muscle-specific promoter.

The use according to claim 14, characterized in that the amino - acid
sequence is formed by human proinsulin (SEQ ID NO 2).

The use according to claim 14, characterized in that the eukaryotic cell is a
human cell transformed by means of the human proinsulin nucleotide
sequence (SEQ ID NO 1).

The use according to any of claims 11 to 20, consisting of administering
said therapeutic composition in a suitable dose which allows reducing said

neurodegeneration.
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22. The wuse according to claim 21, characterized in that the
neurodegenerative disease belongs to the following group: Alzheimer’s
disease, Parkinson’s disease, multiple sclerosis, dementia with Lewy
bodies, amyotrophic lateral sclerosis, spinocerebellar atrophies,
frontotemporal dementia, Pick’s disease, vascular dementia, Huntington’s
disease, Baten’s disease , spinal cord injury, retinitis pigmentosa, macular
degeneration and glaucoma.
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