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{54) Title: METHOD FOR THE TREATMENT OF DISEASES OR DISCRDERS OF THE INNER EAR

(54) Bezeichnung: VERFAHREN ZUR BEHANDLUNG VON ERKRANKUNGEN ODER STORUNGEN DES INNENOHRS

(57) Abstract

The invention refates o a method for treating dissases or disorders of the inner ear which are related to damage to or the destruction
of sensory cells of the inner ear. According to said method at least one active ingredient is used for the regeneration of the sensory cells
which at least partly inhibits ar elimingtes the inhibiting action of a cell cycle inhibitor present in the inner ear, and regeneration of the
sensory cells of the inner ear is preferably achieved by stimulating the proliferation of supporting cells. The sensory cells of the inner ear
are the hair sensory cells. Potential cell cycle inhibitors are cyclin-dependent kinase inhibitors and particularly the cyclin—dependent kinase
inhibitor p27¥iPi,

(57) Zusammenfassung

Bei ciners Verfahren zur Behandlung von Erkrankungen cder Storungen des Innenohrs, die mit einer Schadigung oder Zerstbruny
vor Sinneszellen des Innenchrs im Zusammenhang stehien, wird zur Regeneration der Sinneszellen mindestens ein Wirkstoff eingesetzt,
der mindestens einen im Innenohr vorhandenen sogenannten Zellzyklus-Inhibitor in seiner inhibierenden Wirkung mindestens teilweise
hemmt oder ausschaltet. Die Regeneration der Sinneszellen des Innenchrs erfolgt bei diesem Verfahren vorzugsweise durch Stimulation
der Proliferation von Stizzellen. Bei den Sinncszellen des Innenohrs handelt es sich um die sogenannten Haarsinneszellen. Als
Zellzyklus-Inhibitoren kommen ZyKlinkinase-Inhibitoren wie insbesondere der Zyklinkinase-Ichibitor P27Ki0l in Frage.
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PROCESS FOR THE TREATMENT OF DISEASES OR DISORDERS OF THE INNER EAR

ABSTRACT

In a process for the treatment of diseases or disorders of the inner ear
linked with damage or destruction of sensory cells of the inner ear, for
regenerating the sensory cells ugse is made of at least one active ingredient,
which at least partly inhibits or eliminates the inhibiting action of at
least one cell cycle inhibitor present in the inner ear. In this process the
sensory cells of the inner ear are preferably regenerated by stimulating the
proliferation of supporting cells. The sensory cells of the inner ear are
so-called hair semsory cells. As cell cycle inhibitors use can be made of
cyclin-dependent kinase inhibitors such as in particular the cyclin-dependent

kinase inhibitor p27Ripl.




PROCESS FOR E_TREATMENT OF DISEASES OR DISORDE OF THE ER EAR

DESCRIPTION

The invention firstly relates to a process for the treatment of diseases or
disorders of the inner ear, which are linked with damage or destruction of

the sensory cells of the inner ear.

The inner ear of humans and other mammals can either be irreversibly damaged
from the outset by a genetic defect or subsequently by external influences.
These external influences can e.g. be acoustic trauma or toxic or hypoxic
influences. Such damage can lead to functional disturbances or losses of the
senses located in the inner ear, particularly hearing. In the case of these
functional disturbances particular reference must be made to a reduction or
disappearance of the power of hearing. It is estimated that in Germany
approximately 12 million people suffer from a so-called perceptive deafness,
which can be attributed to the aforementioned pathogenetic mechanisms. Apart
from the degeneration of sensory neurons and damage to the so-called stria
vascularis of the inner ear, a cause of partial or complete loss of the power
of hearing can in particular be damage or destruction of the sensory cells of

the inner ear and consequently the hearing organ.

in a progess for the treatment of diseases or disorders of the inner ear
linked with damage or destruction of the sensory cells, it must be borne in
mind that it is no longer possible to regenerate irreversibly damaged and
therefore lost cells in the highly differentiated sensory epithelia in the
inner ear of humans and other mammals. Thus, a partial or complete hearing
loss due to damage or destruction of the sensery cells of the inner ear is
generally irreversible. In this respect the sensory epithelia of the inner
ear fundamentally differ from other tissues, where necrotic cells can be
rapidly replaced by the division of substitute cells and their subsequent

maturation.

It is of interest that in other vertebrate classes, such as e.g. birds,
necrotic sensory cells in the inner ear can be regenerated, unlike the
situation with humans. 1In birds sensory cells which have died after damage
are repléced by so-called supporting cells located in the epithelium below
the sensory cells. This takes place by division of the supporting cells and
subsequent maturation, a new supporting cell and a sensory cell resulting

from a supporting cell.

The discovery of the regeneration of sensory cells in the cochlea of the bird
has over the past few years led to an attempt being made to transfer research
results made on the bird to mammals and therefore ultimately humans. This

inter alia promised success, because the cochlea of the bird and the cochlea




of mammals have cell-biclogical points in common. Both the sensory
epithelium of bird cochlea and the sensor epithelium of mammal cechlea are
postmitotic, i.e. sensory cells present in the‘sensory epithelia are formed
only during a specific time period of embryonic development, after which
normally no further cell divisions occur. However, this fundamental point in
common makes it difficult to understand the phenomenon that in the vestibular
sensory epithelium of the bird cell divisions can be detected throughout its

life, but not in humans.

As it was recognized in the bird that so-called growth factors can give rise
to an increased proliferation rate in the bird cochlea, such growth factors
were also used in the mammal cochlea. However, it was not possible to prove
a reproducible action. This makes it obvious to draw the conclusion that
despite fundamental cell-biological pecints in common, there must be other
significant differences between bird and mammal cochlea. These could be that
the supporting cells of the bird cochlea, as in the mammal, are postmitotic,
but have only temporarily left the cell cycle. They can then reenter the
cell cycle when a corresponding signal appears. Such supporting cells can be
called quiescent, i.e. they are in the waiting state. As opposed to this the
supporting cells of the mammal pass through a very high and specific
differentiation and consequently irreversibly leave the cell cycle. They can
consequently be called terminally differentiated and are e.g. comparable with
neurons. This can apply in the case of the supporting cells of the mammal,
which are referred to as so-called Pillar's or Deiter's cells. Such explan-
ation models for cell-biological differences between bird and mammal cochlea
have given rise to a more detailed investigation of the regeneration of the
sensory cells in the bird in order to subsequently transfer the results

obtained to mammals.

However, the problem of the present invention is to find a new starting point
for the treatment of disorders or diseases of the inner ear, which are linked
with damage or destruction of the sensory cells of the inner ear. The aim is
less to transfer to mammals and in particular humans results obtained cn
vertebrates other than mammals and more to make available an action mechanism
and corresponding active ingredients, which act directly in the cellular
processes in the mammal and ultimately lead to a regeneration of the sensory

cells of the inner ear.

This problem is solved by the process having the features of claim 1 and the
process with the features of claims 2 and 3. Preferred developments are
described in the dependent claims 4 to 21. Thus, by reference, the content

of all the claims is made into part of the present description.

According to the invention, the process of the aforementioned type is




characterized in that at least one so-called cell cycle inhibitor présent in
the inner ear has its inhibiting action partly inhibited or eliminated by at
least one active ingredient, which results in a regeneration of the sensory
cells of the inner ear. From the patent law sense this process also
incorporates the use of am active ingredient able to inhibit or eliminate the
action of a cell cycle inhibitor present in the inner ear, either directly
for the treatment of diseases or disorders of the inner ear or indirectly for
preparing a pharmaceutical composition or a medicament for the treatment of
diseases or disorders of the inner ear, said diseases/disorders being linked

with damage or destruction of the sensory cells of the inner ear.

The regeneration of the sensory cells of the imner ear resulting from the
process according to the invention preferably takes place through a stimula-
tion of the proliferation of the supporting cells of the inner ear, i.e. the
supporting cells also present in the sensory epithelium and usually located
between and below the sensory cells. As there are one or moré cell cycle
inhibitors in the supporting cells of the inner ear, by inhibiting or elimin-
ating their inhibiting action by a suitable active ingredient it is possible
to initiate the cell division of the supporting cells, thereby creating a
fundamental prerequisite for creating replacement or substitute cells for the
necrotic or dead sensory cells. The cells resulting from the division of the

supportimg cells can then at least partly mature to functional sensory cells.

With regards to the sensory cells of the inner ear referred to up to now,
these are preferably sc-called hair sensory cells or short hair cells, which
have at their upper end hair-like extensions, so-called stereocilia or small
sensory hairs. These hair cells are located on the basilar membrane in the
so-called corti-organ and form as so-called outer and inner hair cells the
actual receptor cells for acoustic transduction in the inner ear. Both the
inner and the outer hair cells are of interest for regeneration, regeneration
of the outer hair cells representing a particular field of use of the
invention as a result of their greater sensitivity. Those supporting cells
which are anatomically particularly well associated with the inner or outer
hair sensory cells can in particular be used for the active ingredient
employed according to the inventien. Thus, apart from outer hair semsory
cells as supporting cells can be used the sc-called Hensen's cells and, below
the outer hair sensory cells, the so-called Deiter's cells and "outer"
Pillar's cells. These Hensen's, Deiter's and outer Pillar's cells are
consequently particularly suitable as replacement cells for the outer hair
sensory cells. Correspondingly alongside and below the inner hair sensory
cells are provided the so-called inner sulcus cells as supporting cells and
within the inner hair sensory cells also the inner Pillar's cells, both being
usable as replacement cells for the inner hair sensory cells. Thus, option-

ally a regeneration of inner or outer hair cells can be selectively initiated




and influenced. Reference can be made in this connection to the relevant
textbooks and articles concerning the hearing process in mammals, partic-
ularly humans. The regeneration of the hair sensory cells participating in
acoustic transdoction in the inner ear for the treatment of perceptive
deafness in the case of damage to said sensory cells represents the main

field of use of the present invention.

The cell cycle inhibitors, whose inhibiting action is to be inhibited or
eliminated according to the invention, can fundamentally be different
physiological substances, particularly proteins, preventing the cell passing
through the normal cell cycle, including cell division. They are preferably
so-called cyclin-dependent kinase inhibitors (CDKIs). It is known that
during the development of an organism they are expressed to a reinforced
extent during the occurrence of terminally differentiated cells and in this
way prevent the reentry of the cell into the cell cycle. This would also
explain the loss of the dividability of such cells with reinforced expression
of cyclin-dependent kinase inhibitors. Cell cycle inhibitors and in partic-
ular cyclin-dependent kinase inhibitors of the so-called CIP/KIP family can
be selectively expressed in specific cell types. Preferred cyclin-dependent
kinase inhibitors are in particular the proteins referred to as p2icipl.
p27kierl and p57%ipZ, According to the invention preference is given to the
cyclin-dependent kinase inhibitor p27¥irl, As a result of the selective
expression of such inhibitors and the different expression patterns resulting
therefrom, the invention can be used for selectively influencing the cell
cycle in a specific cell type. If e.g. in a specific cell type, such as e.g.
the supporting cells in the sensory epithelium of the inner ear, p27¥ip! is
expressed selectively or at least with a significant proportion, by means of
an active ingredient aimed specifically at this inhibitor, it is possible to
eliminate its inhibiting action and consequently initiate or stimulate the
proliferation of supporting cells. By means of a maturation of at least part
of the cells resulting from the division of the supporting cells, a

regeneration of the sensory cells is brought about.

As is apparent from the statements up to now, according to the invention the
inner ear disease or disorder invelved is in particular a so-called percep-
tive deafness. This is linked with the already described damage or destruc-

tion of the hair sensory cells in the inner ear.

In the case of the active ingredient usable according to the invention, which
inhibits or eliminates the inhibiting action of the cell cycle inhibitor, is
preferably a substance, which normally acts in intracellular manner either
directly or indirectly on the inhibitor, i.e. normally a peptide or protein.
The active ingredient is preferably present in the form of a peptide or

protein, which effects a peptide-peptide or protein-protein interaction with




the inhibitor. This would then be the case of a "direct" influencing of the
function of the inhibitor. If the active ingredient is constituted by a
nucleic acid molecule, which codes one of the aforementioned peptides/
proteins for the amino acid sequence, it is possible to refer to an
"indirect" influencing, because initially the coding nucleic acid molecule is
introduced into the corresponding cell and subsequently the peptide/protein
molecule (serving directly as the active ingredient) is expressed. Said
nucleic acid molecule can in particular be a recombined nucleic acid
molecule. The nucleic acid molecule can fundamentally be a DNA molecule, a

cDNA molecule or a RNA molecule.

Another active ingredient usable in preferred manner according to the
invention is a nucleic acid molecule, where use is made of the so-called
antisense method. In this method which is fundamentally known to the cupert
use is normally made of a RNA, which is complimentary to the-RNA of the
normal (physiological) gene. This complimentary RNA is callea antisense-RNA.
The antisense-RNA can prevent the synthesis of the protein product belonging
to the gene. In the case of the invention this means that a nucleic acid
molecule, e.g. the antisense-RNA itself or DNA, during whose transcription
the antisense-RNA is formed, is introduced into the organism or cell for
inhibiting or eliminating the inhibiting action of the cell cycle inhibitor.
This introduction preferably takes place with the aid of lipid compounds,
which also carry viral components for the better docking and penetration of

the nucleic acid molecule into the c¢ell.

As stated, the active ingredient in the case of the invention can effect a
direct interaction, preferably a peptide-peptide or protein-protein inter-
action with the cell cycle inhibitor. However, the active ingredient can
also indirectly inhibit or eliminate the inhibiting action of the cell cycle
inhibitor, in that it interacts at least as well or preferably better with a
physioclogical interaction partner of the cell cycle inhibitor than the cell
cycle inhibitor itself. This prevents the cell cycle inhibitor from evolving

its physiclogical ({inhibiting)} action.

Thus, e.g. in the case of the cyclin-dependent kinase inhibiter p27®¥ip!, it is
known that it forms a protein complex together with the cyclin-dependent
kinase CDK2 and cyclin A. There are specific points at which peptide-peptide
interactions occur between the p27kiprl and the CDKZ or cyclin A. Thus, e.g.
identification has taken place of a bonding point of very high affinity
between p27%p' and cyclin A and several less strong bonding points between
p27kipt and cyclin A or p27¥iP’ and CDK2. On extracting one of the bonding
points where there is no high or very high affinity bonding/interaction, an
active ingredient, preferably in the form of a further peptide/protein can be

selected or developed can effect a bonding/interaction of at least as high or




preferably higher affinity with one of the two interaction partners at the
particular bonding point. This inhibits or prevents the standard physio-
logical interaction, because the corresponding bonding peint for the physio-

logical interaction partner is blocked.

Thus, e.g. for a bonding point between p27%iel and cyclin A, but also CDK2, an
optimized peptide structure or optimized amino acid sequence can be developed
for the amino acid sequence of p27#ip! at this point, which then bonds with a
better, i.e. higher affinity with the corresponding sequence of cyclin A or
CDK2 at this point. Such an optimized peptide structure e.g. and preferably
comprises up to 15 amino acids and can then be directly introduced into the
cell or preferably expressed in intracellular manner by an artificially
introduced gene. Through the high affinity of such a peptide the interaction
of the physiological peptide partner is then destroyed and the formation of
the peptide complex, based on the inhibiting action of the cell cycle
inhibitor is prevented. Thus, the active ingredient ensures an at least
partial inhibition or a complete elimination of the inhibiting action of the
cell cycle inhibitor. As a result of this process starting point of the
invention the concentration of the active ingredient, particularly the
peptide/protein with the corresponding amino acid sequence in the cell only
has to be roughly of the same level as the corresponding concentration of the
cell cycle inhibitor, whose action is to be -inhibited or eliminated. As such
concentrations, e.g. of p27Kip! are approximately 10 nM/l and roughly
correspond to 1,000 to 10,000 molecules per cell, even very low concen-—
trations can suffice for the performance of the invention. It is also
important that for achieving such a concentration using gene-therapeutic
methods it is sufficient to introduce only a single copy of a DNA, coding for
the corresponding amino acid sequence, for each cell. Compared with other
methods which have to use much higher concentrations or a larger number of

DNA copies, this represents a decisive advantage.

According to a further development the process according to the invention can
be performed in such a way that the active ingredient is in the form of a so-
called vector or vehicle, said vector or vehicle carrying at least one of the
above-described nucleic acid molecules. Preferably it is a nucleic acid
molecule, which codes for the amino acid seguence of a peptide or protein
serving as the active ingredient. Said vectors can be conventional viral and
non-viral vectors, as are known to the expert. When using viral vectors use
can be made of retroviruses, adenoviruses or adeno-associated viruses. In
the case of non-viral vectors it is known that no viral DNA participates, so
that here fundamentally a "bare" DNA can be introduced into a cell. However,
preferably such nucleic acid molecules are packed in so-called liposomes or
lipoplexes and are introduced in this form into the orgarnism and cell. The

use of non-viral vectors or lipoplexes is fundamentally preferred, because




viral vectors have certain disadvantages known to the expert. As a result of
the above-described use possibilities of the invention, it is here frequently
possible to operate without using viral vectors, because the effectiveness of
the active ingredients used is very high and it is correspondingly possible

to operate with low concentrations.

In the invention the active ingredient used is preferably employed in a
therapeutically active gquantity. In the conventional manper this can be
matched to the subject undergoing treatment and inter alia use can be made of
known pharmaceutical additives. According to a further development the
active ingredient used and correspondingly also the process according to the
invention can be provided for local application. This makes it possible to
avoid possible disadvantages of a systemic application. The target location
of the process according to the invention, namely the inner ear, is
particularly suitable for local application. Thus, in the present case the
active ingredient can be introduced into the so-called perilyﬁphatic space of
the inner ear of the mammal, particularly human. This is a small liquid
space with a very slow exchange rate, which is accessible to therapeutic
intervention from the middle ear, e.g. via the membrane of the circular
window. This perilymphatic space has a volume of only approximately 20
microlitres and is also in direct contact with the cells of the corti-organ.
This ensures a direct action of the active ingredient on the sensory

epithelium with its hair cells and supporting cells.

The invention also relates to the actual active ingredient, whose use is
described in detail in the above-described process. Reference is made to the
content and wording of c¢laims 22 to 27. This active ingredient is intended
for the regeneration of the sensory cells of the inner ear, particularly the
hair sensory cells of the inner ear and is able to at least partly inhibit or
eliminate the inhibiting action of a so-called cell cycle inhibitor present
in the inner ear. The cell cycle inhibitor is preferably a cyclin-dependent
kinase inhibitor, particularly the cyclin-dependent kinase inhibiter p27¥ipl.
Reference is made to the statements hereinbefore concerning the specific,
preferred characteristics of the active ingredient. As stated, it can be at
least one peptide/protein or at least one nucleic acid molecule, the latter
preferably being an antisense-DNA or antisense-RNA or preferably codes for a
corresponding peptide/protein usable as the active ingredient. The nucledic
acid molecule can be a DNA molecule, a cDNA mclecule or a RNA molecule. In
particular, the nucleic acid molecule is intrcduced with the aid of a suit-
able vector or vehicle into the organism or cell and these can be the
described viral or non-viral vectors or nuneleic acid molecules packed in

liposomes/lipoplexes -




The invention finally relates to a pharmaceutical composition or medicament,
which contains at least cone active ingredient able to inhibit or eliminate
the action of a cell cycle inhibitor present in the inner ear, in an active
guantity, as well as conventionally a pharmaceutically acceptable carrier or
support. With respect toc the active ingredient contained in the composition
or medicament express reference is made to the statements hereinbefore and

the content of claims 28 and 29.

The described and further features of the invention can be gathered from the
following description of a preferred embodiment in conjunction with the
subclaims, the example and the drawing. The individual features can be

implemented individually or in the form of subcomhinations.

Fig. 1 is an electron micrograph of a cell in nuclear division in the
sensory epithelium of the corti-organ of a so-called p27%ie! knockout

mouse.

Example

For the test use was made of a so-called p27kip! knockout mouse {(p27-/-}, a
mouse lacking the gene for expressing the protein p27¥ipl., Thus, in such a

mouse p27¥ip' cannot evolve per se its cell cycle—inhibiting action.

The corti-organ is removed from such a p27¥ip’ knockout mouse on the seventh
day after birth (postnatal day 7) and is prepared in the usual way for
electron microscopic examination making it possible to see the sensory

epithelium cof the corti-organ.

The result of the electron microscopic examination is shown in fig. 1. This
electronic micreograph shows that a cell in nuclear divisien (mitesis), i.e. a
mitotic cell is located between two left-hand, upper or right-hand, lower,
inner hair cells, whereof the black bordered nuclei are at the left-hand top
(complete) and right-hand bgttom‘(partial). Mitosis is clearly visible on
the ceondensed chromatin, the dissolved nuclear membrane and the basal body.
the inner hair cell top left and the basal body are given English-language

captiens in the drawing to facilitate understanding.

Fig. 1 clearly shows that the lack of the cell cycle inhibitor p27%ipl leads
to the possibility of a cell division of supporting cells located there in
the sensory epithelium of the corti-organ of the mouse. Mention is also made
of the fact that in the case of the cell division shown in fig. 1 it is not a
single phenomenon within the sensory epithelium of the corti-organ, but
instead a large number of the cells there undergo a cell division and

therefore pass through the cell cycle. The phenomenon shown in fig. 1




enables the conclusion to be drawn that not only a cell division, but also
following a cell division, which represents the decisive step in the hair
cell regeneration process, there is also a differentiation or maturation to
hair sensory cells and finally a functional recovery of the auditory function
of the sensory organ. Thus, a regeneration of the sensory cells is possible.
This conclusion is supported by the fact that in the case of the knockout
mouse there is not a single mitosis, but instead such knockout mice have more
hair cells than normal mice, in which the protein p27Kip' is expressed. Thus,
the mitosis of the supporting cells also results in matured Sensory cells.
The correctness of this conclusion is confirmed by the following results. 1In
the case of heterozygous knockout mice the regeneration of hair cells was
proved in that in the second week of living of the animals when they evolve
the auditory function, the hair cells were destroyed by the systemic
administraticn of amikacin. After a further two weeks without any injection
the animals were killed and their cochlea examined. This revgaled regener-
ated hair cells in the cochlea, which are marked or labelled by a prolifer-
ation marker or label (bromodesoxyuridine - BrdU)} e.g. administered with the

amikacin.

Thus, not only in knockout mice where the gene for p274iP! was missing from
the outset, but also by inhibiting or eliminating the p27%ir! expressed in the
normal organism, e.g. with the aid of a peptide interacting with p27Wir! or
one of its physiological partners, with the aid of the nucleic acid sequence
coding for this peptide or with the aid of an antisense-DNA/antisense-RNA it
is possible to bring about a regeneratiocn of the sensory cells. This can
also take place by an 6nly partial elimination of the function of p27xipl,

because in the case of heterozygous mice a gene dose-dependent effect is

observed.

Throughout this specification and the claims which follow, unless the

context requires otherwise, the word "comprise", and variations such as

"comprises" and "comprising”, will be understood to imply the inclusion
of a stated integer or step or group of integers or steps but not the

exclusion of any other integer or step or group of integers or steps.

The reference to any prior art in this specification is not, and should
:+,**, not be taken as, an acknowledgment or any form of suggestion that that

prior art forms part of the common general knowledge in Australia.
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CLAIMS

1. Process for the treatment of diseases or disorders of the inner ear
linked with damage or destruction of the sensory cells of the inner ear,
characterized in that for the regeneration of the sensory cells of the inner
ear the inhibiting action of at least one cell cycle inhibitor present in the

inner ear is at least partly inhibited or eliminated by an active ingredient.

2. Use of an active ingredient able to inhibit or eliminate the action of a
cell cycle inhibitor present in the inner ear, for the treatment of diseases
or disorders of the inner ear linked with damage or destruction of the

sensory cells of the inner ear.

3. Use of an active ingredient able to inhibit or eliminate the action of a
cell cycle inhibitor present in the inner ear, for the preparation of a
pharmaceutical composition or a medicament for the treatment of diseases or
disorders of the inner ear linked with damage or destruction of the sensory

cells of the inner ear.

4. Process or use according to one of the preceding claims, characterized in
that the regeneration of the sensory cells of the inner ear takes place by

stimulating proliferation of the supporting cells of the imner ear.

5. Process or use according to cone of the preceding claims, characterized in

that the sensory cells of the inner ear are hair sensory cells.

6. Process or use according to one of the preceding claims, characterized in

that the cell cycle inhibitor is a cyclin-dependent kinase inhibitor.

7. Process or use according to claim 6, characterized in that the cyclin-

dependent kinase inhibitor is the cyclin-dependent kinase inhibitor p27eipl.

8. Process or use according to one of the preceding claims, characterized in

that the disease or disorder of the inner ear is a perceptive deafness.

9. Process or use according to one of the preceding claims, characterized in

that the active ingredient is at least one peptide or at least one protein.
10. Process or use according to one of the preceding claims, characterized in

that the active ingredient is at least one nucleic acid molecule, partic-

ularly recombined nucleic acid molecule.

Amended sheet




11. Process or use according to claim 10, characterized in that the nucleic

acid molecule codes for a peptide or a protein according to claim S.

12. Process or use according to claim 10 or 11, characterized in that the

nucleic acid molecule is a DNA molecule.

13. Process or use according to claim 12, characterized in that the nucleic

acid molecule is a cDNA molecule.

14. Process or use according to claim 10 or 11, characterized in that the

nucleic acid melecule is a RNA molecule.

15. Process for the treatment of diseases or disorders of the inner ear
linked with damage or destruction of the sensory cells of the inner ear,
characterized in that for regenerating the sensory cells of the inner ear the
inhibiting action of a cyclin-dependent kinase inhibitor presént in the inner

ear is at least partly inhibited ¢r eliminated by an active ingredient.

16. Process according to claim 15, characterized in that the cyclin-dependent

kinase inhibitor is the cyclin-dependent kinase inhibitor p27iel,

17. Process according to claim 15 or 16, characterized in that the active
ingredient is at least one nucleic acid molecule, particularly recombined
nucleic acid molecule.

18. Process according to claim 17, characterized in that the nucleic acid

molecule is a RNA molecule.

19. Process according to claim 17 or 18, characterized in that the nucleic

acid molecule is an antisense sequence.

20. Process or use according to one of the preceding claims, characterized in
that the active ingredient is in the form of a vector and the vector
preferably carries a nucleic acid molecule according to one of the claims 10

to 14.

21. Process or use according to claim 20, characterized in that the vector is

a viral vector.

22. Process or use according to claim 21, characterized in that the virus is

a retrovirus, an adenovirus or an adeno-associated virus.
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23. Process or use according to claim 20, characterized in that the vector is

a non-viral vector.

24. Process or use according to one of the claims 10 to 14, characterized in

that it is a nucleic acid molecule packed in a liposome or a lipoplex.

25. Process or use according to one of the preceding claims, characterized in

that the active ingredient is used in a therapeutically active quantity.

26. Process or use according to one of the preceding claims, characterized in

that the active ingredient is intended for local application.

DATED this 28" day of May 2003
Otogene Aktiengesclischaft
by Davies Collison Cave

Patent Atsorneys for the Applicani(s)
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