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ABSTRACT

This invention discloses a compound that induces or activates
telomerase activity based on the nucleotide sequence of the GSE 24.2
fragment of dyskerin or the protein or peptide sequence encoded by said
nucleotide sequence. Also a part of the invention are vectors that comprise
said sequence and cells transformed thereby, and pharmaceutical
compositions that contain all these elements. These compositions may be
used in the treatment of diseases from the following group: ageing or
acceleration of ageing, neurodegenerative diseases and dyskeratosis

congenita.
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SEQUENCE OF GSE 24.2 NUCLEOTIDES AND PEPTIDES OF DYSKERIN
THAT INDUCE TELOMERASE ACTIVITY, METHOD OF OBTAINMENT,
THERAPEUTIC COMPOSITIONS AND THE APPLICATIONS THEREOF
FIELD OF THE INVENTION

Biotechnological sector with applications related to human health and,
more specifically, biological compounds — nucleotide sequences, peptides and
transformed human cells — with therapeutic applications for human beings.
STATE OF THE ART

Dyskerin (Figure 1) is a 58-kD nucleolar protein that is associated with
the H/ACA box in the SnoRNAs, present in the small ribonucleoprotein particles
In charge of pseudouridinising the ribosomal RNA. On the other hand, it is also
a component of the telomerase complex, which is responsible for maintaining
telomeric repetitions at the chromosome ends. The X-chromosome-linked form
of dyskeratosis congenita (Marrone et al., 2003; Besseler et al., 2004) is a
congenital syndrome that causes bone marrow failure and is associated with
greater susceptibility to cancer. This form of dyskeratosis is caused by a
specific mutation of the DKC1 gene, which encodes dyskerin. There is another
autosomal dominant dyskeratosis congenita; in this case, the disease is
associated with mutations in the RNA component of telomerase (hTR) (Heiss et
al., 1998). In the fibroblasts and lymphoblasts of patients with dyskeratosis
congenita there is less telomerase activity and the telomeres are shorter than
those of cells not affected by the disease (Siriniavin et al., 1975; Trowbridge et
al.,, 1977). In the cells of patients with the X-chromosome-linked form of
dyskeratosis congenita, telomerase defects have been overcome by expressing
hTERT ectopically (Mitchell et al., 1999). In dyskeratosis congenita caused by
mutations in hTR, the only way to recover telomerase activity is by re-
expressing hTR (Fu et al., 2003).

Telomeres are composed of 500-2,000 repetitions of the TTAGGG
conserved sequence at the chromosome 3’ end and their shortening through
successive divisions becomes a limitation for the cell's proliferation capacity.
Telomeres are susceptible to suffering DNA damage caused by exogenous

agents, Including cisplatin. It has been described that cisplatin is capable of
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inhibiting telomerase activity in different cell lines (Ishibashi et al., 1998; Burger
et al., 1997). There are several hypotheses as to how this inhibition may occur.
One possibility is the formation of G-Pt-G adducts, typical of cisplatin, in the
repeated sequence of TTAGGG telomeres. Alternatively, interactions of
5 cisplatin with sulfhydryl groups essential for the reverse transcriptase catalytic
subunit (hTERT) and it could even be due to the reduction in hTERT expression
(Burger et al., 1997).
DESCRIPTION
BRIEF DESCRIPTION
10 One object of this invention iIs a compound that induces or activates
telomerase activity, hereinafter activator compound of this invention, based on
the nucleotide sequence of the GSE 24.2 fragment of dyskerin or the protein or
peptide sequence encoded by said nucleotide sequence which is capable of
recovering telomerase activity in the interior of the cells of a mammal, preferably
15  human.

One particular object of the Invention iIs a nucleotide sequence,
hereinafter GSE 24.2 gene sequence of this invention, which allows for the
expression of a protein or peptide that induces telomerase activity in the interior
of the cells of a mammal, preferably human, and which consists of one or

20 several GSE 24.2 nucleotide sequences belonging to the following group:

a) a nucleotide sequence composed of a human GSE 24.2 nucleotide

sequence (SEQ ID NO1),

D) a nucleotide sequence analogous to the sequence of a),

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

25 d) a nucleotide sequence, genetic construction, that comprises any

sequence belonging to a), b) and c).

As used In this invention, the term “nucleotide sequence” refers to a
DNA, cDNA or mRNA sequence.

A particular embodiment of this invention is the nucleotide sequence of

30 the GSE 24.2 sequence of a) composed of SEQ ID NO1.

Another particular embodiment of this invention is the nucleotide
sequence of the GSE 24.2 sequence of b) composed of SEQ ID NO11 or SEQ
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ID NO13, which encode the Trub | and Trub |l peptide domains, respectively
(Example 1.7).

Another particular object of this invention is a GSE 24.2 genetic
construction which comprises the GSE 24.2 nucleotide sequence.

Another particular object of this invention 1Is a GSE 24.2 expression
vector which comprises a GSE 24.2 nucleotide sequence or a GSE 24.2 genetic
construction, described In this invention, and which allows for the expression of
a protein or peptide capable of recovering telomerase activity in the interior of
the cells of mammals, preferably humans. One example of this particular
embodiment I1s the pLNCX 24.2 expression vector of the invention (see
examples).

In addition, another particular object of the Invention is a protein or
peptide, hereinafter GSE 24.2 protein of this invention, which exhibits activity
aimed at recovering telomerase In the interior of the cells of a mammal,
preferably human, and which comprises one or several amino acid sequences
belonging to the following group:

a) an amino acid sequence composed of a human GSE 24.2 amino acid

sequence (SEQ ID NO2),

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

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

d) an amino acid sequence that comprises any sequence belonging to a),

b) and ¢).

Another particular embodiment of this invention is a protein whose amino
acid sequence of a) is composed of SEQ ID NO2.

Another particular embodiment of this invention is a protein whose amino
acid sequence of c¢), fragment of which is composed of SEQ ID NO12 or SEQ
ID NO14.

On the other hand, another, additional object of this invention are
genetically modified cells, either eukaryotic — preferably human — or prokaryotic,
hereinafter GSE 24.2 cells of the invention, which comprise the GSE 24.2
nucleotide sequence, construction and expression vector of the invention and

wherein the GSE 24.2 peptide or protein of the invention may be adequately
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expressed.
Therefore, another object of the invention is the use of the GSE 24.2

activator compound of this invention in the preparation of a drug or
pharmaceutical composition for the treatment of a disease caused by an
alteration of, preferably a reduction in, telomerase activity, belonging, for
llustrative purposes and without this limiting the scope of the invention, to the
following group: ageing or acceleration of ageing, neurodegenerative diseases
and dyskeratosis congenita.

Another object of this invention is a pharmaceutical composition or drug
for the treatment of diseases, disorders or pathologies that develop with
alterations of telomerase activity, preferably a reduction in activity, hereinafter
pharmaceutical composition of this invention, which comprises a therapeutically
effective quantity of a compound or agent capable of recovering telomerase
activity jointly with, optionally, one or more pharmaceutically acceptable
adjuvants and/or vehicles, and which is capable of stimulating the generation
and maintenance of telomerase activity.

Another particular object of this invention is a pharmaceutical
composition of the invention wherein the compound or agent capable of
recovering telomerase activity belongs to the following group: GSE 24.2
sequence, genetic construction or vector that allow for the expression of a
protein or peptide capable of recovering telomerase activity in the interior of the
cells of a mammal, preferably human.

A particular embodiment of the invention is a pharmaceutical composition
of the invention wherein the compound or agent capable of recovering
telomerase activity is one or several GSE 24.2 sequences belonging to the
following group:

a) a nucleotide sequence composed of a human GSE 24.2 nucleotide

sequence (SEQ ID NO1),

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

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

d) a nucleotide sequence, genetic construction, that comprises any

sequence belonging to a), b) and ¢).
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Another particular embodiment of this invention is the pharmaceutical
composition of the invention wherein the nucleotide sequence of a) is the GSE
24 .2 nucleotide sequence (SEQ ID NO1).

Another particular embodiment of this invention is the pharmaceutical
composition of the invention wherein the nucleotide sequence of ¢) is the SEQ
ID NO11 or SEQ ID NO 13 nucleotide sequence.

Another particular embodiment of this invention is a pharmaceutical
composition of the invention wherein the nucleotide sequence is a vector,
preferably the pLNCX 24.2 vector.

Another particular object of this invention is a pharmaceutical
composition of the invention wherein the compound or agent capable of
recovering telomerase activity is a protein or a peptide encoded by the GSE
24.2 sequence, genetic construction or vector of the invention.

A particular embodiment of the invention is a pharmaceutical composition
of the invention wherein the GSE 24.2 protein or peptide belongs to the
following group:

a) an amino acid sequence composed of a human GSE 24.2 amino acid

sequence (SEQ ID NO2),

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

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

d) an amino acid sequence that comprises any sequence belonging to a),

b) and c).

Another particular embodiment of this invention is the pharmaceutical
composition of the invention wherein the amino acid sequence of a) is the SEQ
ID NO2 sequence.

Another particular embodiment of this invention is the pharmaceutical
composition of the invention wherein the amino acid sequence of c¢) is the SEQ
ID NO12 or SEQ ID NO14 sequence.

Another particular object of this invention is a pharmaceutical
composition of the invention wherein the telomerase-activating compound or
agent I1s a cell, preferably human, transformed by the GSE 24.2 sequence,

construction or vector.
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Another object of the invention is the use of the pharmaceutical
composition of the invention, hereinafter use of the pharmaceutical composition
of the invention, in a method of treatment or prophylaxis for a mammal,
preferably a human being, affected by a disease, disorder or pathology that
develops with alterations of telomerase activity, consisting of the administration
of said therapeutic composition in a suitable dose which allows for the recovery
of telomerase activity in the interior of its celis.

Another particular object of this invention is the use of the pharmaceutical
composition of the invention in a treatment method for a disease or disorder that
develops with alterations of telomerase activity and which affects human
beings, belonging, for illustrative purposes and without this limiting the scope of
the invention, to the following group: ageing or acceleration of ageing,
neurodegenerative diseases, dyskeratosis congenita, Cri du chat, ataxia
telangiectasia, Nijmegen Breakage Syndrome, Bloom Syndrome, Werner
Syndrome, Fanconi's anaemia, ulcerous colitis, vascular ageing,
atherosclerosis and cancer.

Another particular embodiment of this invention is the use of the
pharmaceutical composition of the invention in a treatment method for a
neurodegenerative disease belonging to the following group: Alzheimer’s
disease, Parkinson’s disease, cerebellar ataxia and spinal cord degeneration.

Another particular embodiment of this invention is the use of the
pharmaceutical composition of the invention in a treatment method for the X-
chromosome-linked form of dyskeratosis congenita

Another particular embodiment of this invention is the use of the

pharmaceutical composition of the invention in a treatment method for

autosomal dominant dyskeratosis congenita.
DETAILED DESCRIPTION

This invention addresses the problem of providing new therapeutic tools
for the treatment of diseases that develop with alterations of telomerase activity
and, more specifically, dyskeratosis congenita.

This invention is based on the fact that the inventors have proven that the
expression of a cDNA fragment of dyskerin, fragment GSE 24.2 (SEQ ID NO1),



10

15

20

25

30

CA 02625981 2008-04-14

v

which expresses an internal sequence of dyskerin (SEQ ID NO2), compensates
for the defects in telomerase activity in the cells of patients with dyskeratosis
congenita and in VA13 cells (Example 3). More specifically, when the cells of
patients with dyskeratosis congenita and VA13 cells are transfected with the
GSE 24.2 sequence, in addition to recovering telomerase activity, there is an
increase in hTERT and hTR levels. In fact, it was observed that the expression
of the GSE 24.2 peptide increased the baseline activity of the telomerase
promoter and, following treatment with cisplatin, the 24.2 cells also had greater
activity. Curiously, Collins et al. had previously described that, in the cells of
these same patients, telomerase activity was only recovered by overexpressing
the hTERT gene, and not by expressing dyskerin, a protein which is mutated In
these patients (Mitchell et al., 1999).

It has been described in the literature that mutations in dyskerin could
affect the accumulation of the telomerase RNA (Mochizuki et al., 2004),
therefore, the effects caused by the GSE 24.2 peptide could be due to an
increase in hTERT levels and a greater stabilisation of hTR, since the increase
in hTERT levels could stabilise the formation of the telomerase complex,
thereby preventing the degradation of hTR. In this regard, in this invention it has
been observed that, in cells transfected with the GSE 24.2 peptide, the hTERT
protein promoter, but not hTR, is constitutively activated in a manner dependent
on c-myc expression, more specifically through its binding to the NHEIII region,
located in the purine-rich P1 region of the promoter (Pu27, see Example 2),
thus allowing for a change in the secondary conformation of DNA, in such a way
that transcription factors may access the DNA. Any change in the sequence of
this region that modifies the secondary structure thereof alters the activity of the
GSE 24.2 peptide.

Similarly, a sequence equivalent to the human GSE 24.2 peptide (CBF5
of yeast, S. cerevisiae CBF5) exhibits a similar activity in the activation of
hTERT (data not shown), indicating a high degree of functional conservation In
the activity of this domain of dyskerin, thus defining and illustrating the multiple
possibilities of elements or sequences homologous to GSE 24.2 that may be

used in this invention.
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Moreover, this GSE 24.2 peptide provides human cell lines with a
survival capacity to cisplatin (Example 1). The 24.2 cell line increases viability in
the face of the inhibitor of telomerase 1. This inhibitor has an action mechanism
that is similar to cisplatin, forming G-quadruplexes in the telomeres and
reducing telomerase activity (Sun et al., 1997). Sequences have also been
described which form G-guadruplexes in an hTERT intron; therefore, it iIs
possible that this inhibitor also reduces hTERT levels, thereby also reducing
telomerase activity (Lemateleur et al., 2004).

Bearing in mind that both cisplatin and the inhibitor of telomerase
stabilise the formation of G-quadruplexes (Redon et al., 2001), which could In
turn block telomerase activity, the GSE 24.2 peptide could reduce the efficacy
of these inhibitors by preventing or reducing the formation of these G-
quadruplexes, or perhaps it is capable of increasing hTERT levels, thus
increasing telomerase activity, through another mechanism.

Gene suppression elements (GSEs) are biologically active cDNA
fragments that encode peptides or RNA anti-sense Inhibitors and act in a
dominant fashion on gene expression in mammal cells. GSE 24.2 is a 165-pb
fragment that comprises nucleotides 268 to 433, and corresponds to a
sequence formed by two highly conserved domains In different species, callea
TRUB (Figure 2b, see SEQ ID NO12 and 14, respectively). These domains
seem to have an important function in the pseudouridinisation of snoRNAs
(Zucchini et al., 2003; Pan et al., 2003) and, what is more surprising, nucleotide
sequences prepared with such domains, separately cloned, increased the
baseline activity of the telomerase promoter like the initially described, entire
sequence of 55 amino acids (Example 1.7, Figure 8c). It is interesting to note
that this activity, which induces resistance to cisplatin and compensates for
defects in telomerase activity, is only located in the region of dyskerin found Iin
the GSE 24.2 sequence, since the complete protein (see SEQ ID 4) or the
aminoterminal fragment do not have any activity whatsoever. Finally, we must
note that these resuits open new therapeutic prospects for human disorders or

diseases caused by alterations of the telomerase complex (shortening of

telomeres and diseases with cell ageing or stem cells), such that the GSE 24.2
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element or derivatives thereof may be used as drugs to recover telomerase
activity. Moreover, there are different syndromes other than DC, which include a
shortening of telomeres amongst the cellular phenotypes, and also bone
marrow failures, immunosuppression and predisposition to cancer. The
telomerase gene is not affected by mutations in any of them, but telomere
replacement and telomerase activity are.

Therefore, one object of this invention iIs a compound that induces or
activates telomerase activity, hereinafter activator compound of this invention,
based on the nucleotide sequence of the GSE 24.2 fragment of dyskerin, or the
protein or peptide sequence encoded by said nucleotide sequence, which is
capable of recovering telomerase activity in the interior of the cells of a
mammal, preferably human.

As used In this invention, the term “compound that induces or activates
telomerase” refers to a molecule that increases the intensity or prolongs the
duration of the biological activity thereof. This definition includes, moreover,
those compounds or molecules which allow for the expression of a nucleotide
sequence that encodes for a GSE 24.2 protein. An activator compound may be
composed of a peptide, a protein or a nucleotide sequence.

Thus, a particular object of the invention is a nucleotide sequence,
hereinafter GSE 24.2 gene sequence of this invention, which allows for the
expression of a protein or peptide that induces the recovery of telomerase
activity in the interior of the cells of a mammal, preferably human, and which is
composed of one or several sequences of GSE 24.2 nucleotides belonging to

the following group:
a) a nucleotide sequence composed of a human GSE 24.2 nucleotide
sequence (SEQ ID NO1),
b) a nucleotide sequence analogous to the sequence of a),
c) a fragment of any of the sequences of a) and b), and
d) a nucleotide sequence, genetic construction, that comprises any
sequence belonging to a), b) and c).
In the sense used in this description, the term “analogous” is intended to

Include any nucleotide sequence that may be isolated or constructed on the
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basis of the sequence shown in this specification; for example, by introducing
conservative or non-conservative nucleotide substitutions, including the
insertion of one or more nucleotides, the addition of one or more nucleotides at
any of the ends of the molecule or the deletion of one or more nucleotides at
any end or in the interior of the sequence, which allows for the encoding of a
peptide or protein capable of mimicking the activity of the GSE 24.2 sequence
(SEQ ID NO2) or fragments thereof (SEQ ID NO12 and SEQ ID NO14).

The dyskerin enzyme belongs to a family of pseudouridine synthase
present in several organisms (see Figure 3B, Mitchel et al,, 1999). On the basis
of the information described in this invention and of different organisms found In
nature, a person skilled in the art may isolate or construct a nucleotide

sequence analogous to those described In this invention.

In general, an analogous nucleotide sequence is substantially
homologous to the nucleotide sequence described above. In the sense used In
this description, 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%, or more preferably of, at least, 95%.

As used in this invention, the term “nucleotide sequence” refers to a
DNA, cDNA or mRNA sequence.

A particular embodiment of this invention is the nucleotide sequence of
the GSE 24.2 sequence of a) composed of SEQ ID NO1.

Another particular embodiment of this Invention Is the nucleotide
sequence of the GSE 24.2 sequence of b) composed of SEQ ID NO11 or SEQ
ID NO13, which encode the Trub | and Trub Il peptide domains, respectively
(Example 1.7).

The GSE 24.2 nucleotide sequence identifled as d) corresponds to a
GSE 24.2 gene construction. This GSE 24.2 gene construction of the invention
may also comprise, If necessary and in order to allow for better isolation,
detection or cytoplasm secretion of the expressed peptide, a nucleotide
sequence that encodes a peptide susceptible to being used for purposes of
isolation, detection or secretion of said peptide. Therefore, another particular

object of this invention Is a GSE 24.2 genetic construction that comprises, in
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addition to the GSE 24.2 nucleotide sequence, any other nucleotide sequence
that encodes a peptide or peptide sequence which allows for the isolation, the
detection or the cell cytoplasm secretion of the expressed peptide,; for example,
for illustrative purposes and without this limiting the scope of the invention, a
polyhistidine sequence (6xHis), a peptide sequence that is recognisable by a
monoclonal antibody (for example, for the identification thereof, or any other
that may be used to purify the resulting fusion protein by immunoaftinity
chromatography: tag peptides such as c-myc, HA, E-tag) ("Using antibodies: a
laboratory manual”’. Ed. Harlow and David Lane (1999). Cold Spring Harbor
Laboratory Press. New York. Chapter: Tagging proteins. Pp. 347-377).

The GSE 24.2 nucleotide sequence and the GSE 24.2 genetic
construction described above may be obtained by a person skilled in the art
using techniques that are widely known in the state of the art (Sambrook et al.
“Molecular cloning, a Laboratory Manual’. 2nd ed., Cold Spring Harbor
Laboratory Press, N.Y., 1989. vols. 1-3). Said nucleotide sequences may be
integrated in a gene expression vector that allows for the regulation of the
expression thereof under suitable conditions in the interior of cells.

Therefore, another particular object of this invention is a GSE 24.2
expression vector that comprises a GSE 24.2 nucleotide sequence or a GSE
24.2 genetic construction, described in this invention, which allows for the
expression of a protein or peptide capable of recovering telomerase activity in
the interior of cells of mammals, preferably humans. One example of a
particular embodiment I1s the pLNCX 24.2 expression vector of the invention
(see examples 1 and 2).

In general, an expression vector comprises, In addition to the GSE 24 .2
nucleotide sequence or the 24.2 genetic construction described in the invention,
a promoter that directs the transcription thereof (for example, pT77, plac, ptrc,
ptac, pBAD, ret, etc.), whereto It I1s operatively bound, and other necessary or
appropriate sequences which control and regulate said transcription and, if
applicable, the translation of the product of interest; for example, transcription
initiation and termination signals (t/t2, etc.), polyadenylation signal, replication

origin, ribosome-binding sequences (RBS), transcriptional-regulator-encoding
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sequences (enhancers), transcriptional silencers, repressors, etc. Examples of
appropriate expression vectors may be selected, on the basis of the conditions
and needs of each specific case, amongst expression plasmids, viral vectors
(DNA or RNA), cosmids, artificial chromosomes, etc., which may contain, In
addition, markers that may be used to select the cells transfected or
transformed with the gene or genes of interest. The selection of the vector will
depend on the host cell and the type of use intended. Therefore, in accordance
with a particular embodiment of this invention, said vector is a plasmid or a viral
vector. Said vector may be obtained by conventional methods known by those
skilled in the art; similarly, different widely-known methods may be used for the
transformation of microorganisms and eukaryotic cells - chemical
transformation, electroporation, microinjection, etc. —, which are described In
various 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.].

In addition, another particular object of the invention Is a protein or
peptide, hereinafter GSE 24.2 protein of this invention, that exhibits activity
aimed at recovering telomerase in the interior of the cells of a mammal,
preferably human, and which comprises one or several amino acid sequences
belonging to the following group:

a) an amino acid sequence composed of a human GSE 24.2 amino acid

sequence (SEQ ID NO2),

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

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

d) an amino acid sequence that comprises any sequence belonging to a),

b) and c).

In the sense used In this description, the term “"analogous” Is intended to
include any amino acid sequence that may be isolated or constructed on the
basis of the sequence shown in this specification; for example, by the
Introduction of conservative or non-conservative amino acid substitutions,
Including the insertion of one or more amino acids, the addition of one or more

amino acids at any of the ends of the molecule or the deletion of one or more
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amino acids at any end or in the interior of the sequence, and which mimics the
telomerase recovery activity of SEQ 1D NO2.

The dyskerin enzyme belongs to a family of pseudouridine synthase
present in several organisms (see Figure 3B, Mitchel et al., 1999). On the basis
of the information described in this invention and of different organisms present
In nature, a person skilled in the art may isolate or construct an amino acid
sequence analogous to those described in this invention.

In general, an analogous amino acid sequence Is substantially
homologous to the amino acid sequence discussed above. In the sense used In
this description, the expression "substantially homologous” 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 this invention is a protein whose amino
acid sequence of a) is composed of SEQ ID NO2.

Another particular embodiment of this invention is a protein whose amino
acid sequence of c), fragment of which is composed of SEQ ID NO12 or SEQ
ID NO14.

On the other hand, another additional object of this invention are
genetically modified cells, either eukaryotic — preferably human — or prokaryotic,
hereinafter GSE 24.2 cells of the invention, which comprise the GSE 24.2
nucleotide sequence, construction and expression vector of the invention and
wherein the GSE 24.2 peptide or protein of the invention may be adequately

expressed. These cells may be transformed, infected or transfected by means

of said nucleotide sequences using genetic engineering techniques known by
those skilled in the art [Sambrook, J., Fritsch, E.F., and Maniatis, T. (1989).
Molecular cloning: a laboratory manual, 2nd ed. Cold Spring Harbor Laboratory]
and are a part of this invention. These cells may be useful for the production of
peptides capable of recovering telomerase activity, which may form the basis
for a pharmaceutical composition, for the recombinant amplification of said
nucleotide sequences, or may be useful per se as cells for gene therapy, etc. A
particular embodiment would be a human cell transformed by these GSE 24 .2

nucleotide sequences, from different cell strains, which may be used as cells for
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human tissue regeneration.

Gene expression systems may or may not allow for the integration of
new genetic material into the host cell's genome. Thus, the GSE 24.2
nucleotide sequence, gene construction or expression vector may be used as a
drug to protect host cells, preferably human cells affected by an alteration of
telomerase activity, in a gene therapy method of treatment and prophylaxis for a
human being affected by a disease that develops with alterations of telomerase
activity. Similarly, the GSE 24.2 cells of the invention may be used as a drug for
the regeneration or implantation of tissues or cells in human beings. The
biopharmaceutical tools and gene therapy procedures are sufficiently known by
those skilled in the art such that, with the information described in this invention,
they may be developed relatively easily. Moreover, the proteins or peptides and
the cells themselves may become biodrugs.

Therefore, another object of the invention is the use of the GSE 24.2
activator compound of this invention in the preparation of a drug or
pharmaceutical composition for the treatment of a disease caused by an
alteration of, preferably a reduction in, telomerase activity, belonging, for
illustrative purposes and without this limiting the scope of the invention, to the
following group: ageing or acceleration of ageing, neurodegenerative diseases,
dyskeratosis congenita, Cri du chat (CdC, OMIM 123450), ataxia telangiectasia
(AT, OMIM 208900), Nijmegen Breakage Syndrome (NBS, OMIM 251260),
Bloom Syndrome (BS, OMIM 10900), Werner Syndrome (WS, OMIM 277900),
Fanconi’'s anaemia (FA OMIM 227650), ulcerous colitis, vascular ageing,

atherosclerosis and cancer.

Studies performed in recent years have highlighted the potential
relationship between defects in the maintenance of telomerase activity and
other syndromes with bone marrow failures. The main cause of death for
patients with dyskeratosis congenita is a bone marrow failure caused by
opportunistic infections or haemorrhages (in 70% of the cases). Other causes of
death are pulmonary disease and cancer.

Cri du chat disease (CdC, OMIM 123450) is a congenital hereditary

syndrome associated with deletions of the short arm of chromosome 5 and
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appears with a frequency of 1:20,000 and 1:50,000; the frequency in patients
affected by profound mental retardation (1Q less than 20) reaches 1%.

Ataxia telangiectasia (AT, OMIM 208900) is an autosomal recessive
syndrome caused by mutations in the ATM gene. The problems appear
between the second and fifth years of life and consist of progressive neuronal
degeneration (cerebral ataxia), ocular telangiectasia, immunodeficiency,
hypogonadism, genomic instability, premature ageing, mild diabetes mellitus,
small height and predisposition to cancer (lymphomas and leukemias).

Nijmegen Breakage Syndrome (NBS, OMIM 251260) is an autosomal
recessive disease caused by mutations or losses of the Nibrin gene. The
syndrome is characterised by microcephalia, destructive facial appearance,
retarded growth, progressive mental retardation and strong predisposition to
lymphomas and respiratory tract infections.

Bloom Syndrome (BS, OMIM 210900) and Werner Syndrome (WS,
OMIM 277900). BS is an autosomal recessive syndrome induced by mutations
in the recQ gene, a protein with helicase activity. WS Is also an autosomal
recessive syndrome caused by mutations in helicase recQL2. Both diseases
are characterised by accelerated ageing and the symptoms iInclude
atherosclerosis, osteoporosis, diabetes mellitus, binocular cataracts and
predisposition to some types of tumours, particularly sarcomas (WS) and
leukemias (BS).

Fanconi's anaemia (FA, OMIM 227650) i1s an autosomal recessive
disease characterised by a great number of developmental defects, bone
marrow failures and a one-thousand-fold increase In the incidence of myeloid
leukemias and a strong predisposition to develop solid tumours. The frequency
of development of the disease amongst mutation carriers is 1:100.

Ulcerous colitis is a disease which affects one in 100 Spaniards. It Is
believed to have an autoimmune origin wherein genetic and environmental
factors intervene. Ulcerous colitis affects the small intestine and is characterised
by chronic inflammation of the colonic sheet, with consequent ulceration,
disruption of the mucous barrier and atrophia of the colon mucous membrane.

The risk of cancer increases with the duration of the disease and occurs In
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numerous organs, such as the colon and lymphomas.

On the other hand, the consequences of cellular senescence include
atherosclerosis. On the one hand, telomeric dysfunction is present in blood
vessels with atherosclerotic plagues. The reactivation of telomerase in vascular
progenitor cells increases these cells’ division capacity and vasculogenesis. A
loss of these progenitor cells contributes to an important vascular dysfunction;
therefore, an anti-senescence therapy would provide a new approach to palliate
the vascular effects of ageing and atherosclerosis.

Finally, in relation to other potential applications of the GSE 24.4 element
of the Iinvention, we must note that they may be very broad once we know the
mechanism, or one of the mechanisms, whereby this element carries out its
biological activity, and which is described for the first time in this invention: by
binding to the NHEIIl region. In this area, there are few examples of this
polypurine sequence in other promoters, but we can highlight the fact that this
polypurine region is located in the promoter regions of the CCR5 and PDGFA
genes, amongst others. On the other hand, few transcription factors that interact
with this NHE domain are known, although we must highlight the nm23H1
metastasis-suppressing peptide (Yoshiro O et al., 2001; Grand et al., 2004). In
this regard, the GSE 24.2 element of the invention could be used as a
suppressing factor for tumour growth and metastasis propagation, an
application that is a part of this invention.

As used in this invention, the term “neurodegenerative disease” refers to
a disease belonging, amongst others, for illustrative purposes, to the following
group: Alzheimer's disease, Parkinson’s disease, cerebellar ataxia and spinal
cord degeneration.

Another object of this invention is a pharmaceutical composition or drug
for the treatment of diseases, disorders or pathologies that develop with
alterations of telomerase activity, preferably a reduction in activity, hereinafter
pharmaceutical composition of this invention, that comprises a therapeutically
effective quantity of a compound or agent capable of recovering telomerase
activity jointly with, optionally, one or more pharmaceutically acceptable

adjuvants and/or vehicles, which is capable of stimulating the generation and
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maintenance of telomerase activity.

The pharmaceutically acceptable adjuvants and vehicles that may be
used in said compositions are the adjuvants and vehicles known by those
skilled in the art which are habitually used in the preparation of therapeutic
compositions.

In the sense used in this description, the expression “therapeutically
effective quantity” refers to the quantity of the agent or compound capable of
recovering telomerase activity calculated to produce the desired effect and, In
general, it will be determined, amongst other causes, by the compounds’
characteristics, including the patient's age and condition, the severity of the
alteration or disorder, and the route and frequency of administration.

In another particular embodiment, said therapeutic composition Is
prepared in solid form or agueous suspension, in a pharmaceutically acceptable
diluent. The therapeutic composition provided by this invention may be
administered by any appropriate administration route; to this end, said
composition will be formulated in the suitable pharmaceutical form for the
selected administration route. In a particular embodiment, administration of the
therapeutic composition provided by this invention is performed by parenteral
route, by oral route, by intraperitoneal route, subcutaneous route, etc. A review
of the different pharmaceutical forms for drug administration and the necessary
excipients to obtain them may be found, for example, in “Tratado de Farmacia
Galénica”, C. Fauli i Trillo, 1993, Luzan 5, S.A. Ediciones, Madrid.

Another particular object of this Invention Is a pharmaceutical
composition of the invention wherein the compound or agent capable of
recovering telomerase activity belongs to the following group: GSE 24.2

sequence, genetic construction or vector which allow for the expression of a

protein or peptide capable of recovering telomerase activity in the interior of the
cells of a mammal, preferably human.

A particular embodiment of the invention is a pharmaceutical composition
of the invention wherein the compound or agent capable of recovering
telomerase activity is one or several GSE 24.2 sequences belonging to the

following group:
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a) a nucleotide sequence composed of a human GSE 24.2 nucleotide

sequence (SEQ ID NO1),

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

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

d) a nucleotide sequence, genetic construction, that comprises any

sequence belonging to a), b) and c).

Another particular embodiment of this invention is the pharmaceutical
composition of the invention wherein the nucleotide sequence of a) is the GSE
24 .2 nucleotide sequence (SEQ ID NO1).

Another particular embodiment of this invention is the pharmaceutical
composition of the invention wherein the nucleotide sequence of ¢) is the SEQ
ID NO11 or SEQ ID NO 13 nucleotide sequence.

Another particular embodiment of this invention is a pharmaceutical
composition of the invention wherein the nucleotide sequence is a vector,
preferably the pLNCX 24.2 vector.

Another particular object of this invention is a pharmaceutical
composition of the invention wherein the compound or agent capable of
recovering telomerase activity is a protein or a peptide encoded by the GSE
24.2 sequence, genetic construction or vector of the invention.

A particular embodiment of the invention is a pharmaceutical composition
of the invention wherein the GSE 24.2 protein or peptide belongs to the
following group:

a) an amino acid sequence composed of a human GSE 24.2 amino acid

sequence (SEQ ID NO2),

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

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

d) an amino acid sequence that comprises any sequence belonging to a),

b) and c).

Another particular embodiment of this invention is the pharmaceutical
composition of the invention wherein the amino acid sequence of a) is the SEQ
ID NOZ2 sequence.

Another particular embodiment of this invention is the pharmaceutical
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composition of the invention wherein the amino acid sequence of c) is the SEQ
ID NO12 or SEQ ID NO14 sequence.

Another particular object of this invention is a pharmaceutical
composition of the invention wherein the compound or agent that activates
telomerase I1s a cell, preferably human, that is transformed by the GSE 24.2
seguence, construction or vector.

Another object of the invention is the use of the pharmaceutical
composition of the invention, hereinafter use of the pharmaceutical composition
of the invention, in a method of treatment or prophylaxis for a mammal,
preferably a human being, affected by a disease, disorder or pathology that
develops with alterations of telomerase activity, consisting of the administration
of said therapeutic composition in a suitable dose that allows for the recovery of
telomerase activity in the interior of its cells.

The pharmaceutical composition of this invention may be used in a
treatment method in isolation or jointly with other pharmaceutical compounds.

Another particular object of this invention is the use of the pharmaceutical
composition of the invention in a treatment method for a disease or disorder that
develops with alterations of telomerase activity and which affects human
beings, belonging, for illustrative purposes and without this limiting the scope of
the invention, to the following group: ageing or acceleration of ageing,
neurodegenerative diseases, dyskeratosis congenita, Cri du chat (CdC, OMIM
123450), ataxia telangiectasia (AT, OMIM 208900), Nijmegen Breakage
Syndrome (NBS, OMIM 251260), Bloom Syndrome (BS, OMIM 210900),
Werner Syndrome (WS, OMIM 277900), Fanconi's anaemia (FA OMIM
227650), ulcerous colitis, vascular ageing, atherosclerosis and cancer.

Another particular embodiment of this invention is the use of the
pharmaceutical composition of the invention in a treatment method for a
neurodegenerative disease belonging to the following group: Alzheimer's
disease, Parkinson's disease, cerebellar ataxia and spinal cord degeneration.

Another particular embodiment of this invention is the use of the
pharmaceutical composition of the invention in a treatment method for the X-

chromosome-linked form of dyskeratosis congenita.



10

15

20

25

30

CA 02625981 2008-04-14

20

Another particular embodiment of this invention is the use of the
pharmaceutical composition of the invention in a treatment method for
autosomal dominant dyskeratosis congenita.
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DESCRIPTION OF THE FIGURES

Figure 1.- Schematic structure of the telomerase complex. The
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hTERT, dyskerin, p23, hsp90 and TEP1 proteins, jointly with the hTR RNA,
constitute the ribonucleoprotein complex of telomerase.

Figure 2.- Cell viability and activation of the JNK and p38 death
pathways in 293T cell lines: pLNCX and 24.2, treated with cisplatin. A) Cell
viability. After seeding the 293T cells: expressing the empty vector (pLNCX) and
GSE 24.2 (24.2) in 24-well plates, they were incubated with concentrations
between 0-100 pg/mi of cisplatin. The cell viability was measured by means of
the crystal violet technique after 72 hours of exposure to the drug. The data
represent the mean of two experiments performed in quadruplicate. B)
Activation kinetics. Treatment of both cell lines at the cisplatin concentrations
indicated in the figure for 6 hours. Subsequently, the activation of JNK and p38
was studied using antibodies that specifically recognise the active forms. As a
load control, the levels of JNK-1 were detected.

Figure 3.- Diagram of the DSK sequences contained in the
constructions used and sequence of genes homologous to DSK. A)
Diagram of the cDNA of dyskerin that represents the region whereto GSE 24.2,
which covers nucleotides 268 to 433, corresponds; the location of the DSK &
construction is also shown. B) Comparative sequence in GSE 24.2 amino acids
with pseudouridine synthase sequences from other organisms. The TRUB | and
TRUB Il conserved domains are shown.

Figure 4.- Viability of the 293T cell lines: pLNCX, 24.2, DSK5’ and
DSK treated with cisplatin. The cell lines described above (pLNCX and 24.2),
the DSK 5’ cell line, which expresses a fragment of dyskerin described in the
preceding figure, and a fourth one that overexpresses the complete cDNA of
dyskerin (DSK) have been used. The viability was determined as shown In
figure 1 A. The data represent the mean of two experiments performed In
quadruplicate.

Figure 5.- Telomerase activity of the 293T cell lines: pLNCX and 24.2
following treatment with cisplatin. The cells were seeded in 60-mm plates,
pre-treated with 0.5 pg/ml of cisplatin for 3 days and subsequently treated with
cisplatin at a dose of 3 pg/ml (unpretreated cells). The telomerase activity was

measured by means of the Intergen TRAPeze assay. The experiment was
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performed 3 times, with similar results.
Figure 6.- Cell viability and telomerase activity of the 293T cell lines:

pLNCX and 24.2 treated with the Inhibitor of telomerase |. A) Cell viability.
After seeding the 293T cells: pLNCX and 24.2 in 24-well plates, they were
incubated with concentrations between 0-20 uM of the Inhibitor of Telomerase |.
The cell viability was measured by means of the crystal violet technique after 72
hours of exposure to the drug. The data represent the mean of two experiments
performed in quadruplicate. B) Telomerase activity at different doses of the
Inhibitor of Telomerase [|. Telomerase activity of the 293T cells: 24.2 and
pLNCX in the presence of different concentrations of the inhibitor of telomerase
| (5-7 uM) for 3 days. The cells were seeded in 60-mm plates and subsequently
treated at the specified concentrations and times. The telomerase activity was
measured by means of the Intergen TRAPeze assay. C) Telomerase activity at
different times of treatment with the Inhibitor of Telomerase [. Telomerase
activity in the presence of Tl | (6 uM) at 1 and 5 days. The cells were seeded as
in B. Subsequently, they were treated with 5 uM of the Inhibitor at the specified
times.

Figure 7.- Expression levels of different genes related to telomerase
in 293T cells: pLNCX and 24.2 following treatment with cisplatin. The cells
were seeded in 60-mm plates, treated with 3 ug/ml of cDDP following pre-
treatment with 0.5 ug/ml of cisplatin for 3 days and, subsequently, collected at
the times specified in the figure (3 and 7 days). Following the extraction of RNA,
RT-PCR was performed with oligos specific for hTERT, hTR and dyskerin In
order to study the expression levels of the messenger RNAs. As a starting RNA
control, oligos for the amplification of GAPDH were used.

Figure 8.- Activity of the hTERT promoter in the 293T cell lines:
PLNCX and 24.2 and in 293T cells transitorily transfected with the pLNCX-
24.2 construction and the pLNCX empty plasmid. A) Both the pLNCX and
the 24.2 cells were transitorily transfected with 0.25 uyg of the hTERT-luc
reporter vector. The cells were seeded in 60-mm plates. After 24 hours of
transfection, the cells were lysed and the luciferase activity of 10 ug of total

protein was quantified. As a transfection control, the cells were co-transfected
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with a reporter vector, CMV-Renilla. B) The 293T cells were transfected with the
pLNCX vector and the 24.2 plasmid (5 ug), and both were co-transfected with
0.25 ug of the hTERT-luc reporter vector. After seeding the cells as in A, they
were transfected with pLNCX and 24.2, and co-transfected with the hTERT-luc
reporter vector; subsequently, they were treated as in A. As a transfection
control, the CMV-Renilla reporter vector was used. The data correspond to the
ratio of relative units of luciferase with respect to non-transfected cells. Each
point represents, with +, the standard deviation obtained from 3 independent
experiments. C) The 293T cells were transfected with the different GSE 24 .4,
DSK. TRUB |, TRUB Il constructions and the pLNCX empty plasmid (5 ug), and
co-transfected with 0.25 ug of the hTERT-luc reporter vector. The cells were
seeded in 60-mm plates; after 24 hours of transfection, the cells were lysed and
the luciferase activity of 10 pg of total protein was quantified. As a transfection
control, the cells were co-transfected with a CMV-Renilla reporter vector. The
data correspond to the ratio of relative units of luciferase with respect to non-
transfected cells. Each point represents, with %, the standard deviation obtained
from 3 independent experiments.

Figure 9.- Activity of the hTERT promoter following treatment with
cisplatin. A) Both the pLNCX cell line and the 24.2 cell line were transitorily
transfected with 0.25 ug of the hTERTIuc reporter vector. After 24 hours of
transfection, they were treated with 3 pg/ml of cisplatin for 8 hours. The cells
were seeded in 60-mm plates; after 24 hours of transfection and following
treatment with cDDP, the cells were lysed and the luciferase activity of 10 pg of
total protein was quantified. As a transfection control, the cells were co-
transfected with a CMV-Renilla reporter vector. B) 293T cells which, after being
transitorily transfected with pLNCX and 24.2, were co-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>