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METHOD OF IDENTIFYING A
PHARMACEUTICALLY ACTIVE COMPOUND FOR
THE TREATMENT OF A CONDITION CAUSED BY

ALTERED EXPRESSION OF THE INSULIN
RECEPTOR

[0001] This application claims benefit of the filing date of
U.S. Provisional Application No. 60/60/365,371, filed Mar.
18, 2003, and which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a method of iden-
tifying a pharmaceutically active compound for the treat-
ment of a condition caused by altered expression of the
insulin receptor. The invention further relates to a method of
diagnosing a condition in a mammal using an in-vitro assay.
The invention also relates to a method for preparing a
pharmaceutical composition for the treatment of a condition
caused by altered expression of the insulin receptor.

BACKGROUND OF THE INVENTION

[0003] Erectile response of penis depends upon its ability
to enlarge and reach a sufficient rigidity in response to sexual
stimulation enabling a successful penetration and inter-
course. The process occurs as a result of the relaxation of
smooth muscle cells in the corpus cavernosum and penile
arterioles in combination with a simultaneous venoocclusion
that causes blood retention in the corpus sinosoides. Non-
adrenergic non-cholinergic neurotransmitters and vasoactive
substances mediate the local control of the smooth muscle
tone. The active smooth muscle relaxation seems to be a
pivotal step in a normal erection and it may also be a critical
step involved in the erectile dysfunction present in most
cases of vascular impotence (Andersson and Wagner,
Physiol. Rev. 75:191-236 (1995); Lue and Dahiya, Mol.
Urol. 1:35-48 (1997); Udelson ¢t al., Int. J. Impot. Res.
10:15-24 (1998)).

[0004] Erectile dysfunction is defined as a consistent
inability to obtain or sustain an erection sufficient for inter-
course in at least 50% of attempts (Fran and Kaiser, Med.
Clin. North Am. 83:1267-1278 (1999)). Presently, erectile
dysfunction is determined via patient anamnesis or penile
plethysmography.

[0005] Age is one of the significant risk factors for erectile
dysfunction, which in general is associated with a decreased
libido (Monga, M., Geriatr. Nephrol. Urol. 9:27-37 (1999)).
The problems usually found in this condition are a decrease
in the duration and degree of penile tumescence. Although
erectile dysfunction is often co-indicated with vascular
disease such as arteriosclerosis and hypertension, degenera-
tive ultrastructural cellular changes in the corporal tissue are
also known to be associated with erectile failure (Morgen-
taler, A., Lancer 354:1713-1718 (1999);, Monga, M., supra,
1999).

[0006] Androgens have long been known to have a major
stimulatory effect on several aspects of male sexual behav-
iour, including penile erection. Androgen treatment of
hypogonadal men has been shown to restore sexual interest
and activity (Mills et al., Steroids 64:605-609 (1999); Aversa
et al., Clin. Endocinol. 53:517-522 (2000)). In the past few
years several studies have investigated the effects of castra-
tion and testosterone replacement on rat erectile response
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(Mills et al., supra, 1999). In the penis, androgen depletion
leads to smooth muscle apoptosis, a relative increase in
connective tissue content and an impaired relaxation poten-
tial in the penis (Baskin et al., J. Urol 158:1113-1118
(1997); Shabsigh, R., World J. Urol. 15:21-26 (1997); Traish
et al., Endocrinology 140:1861-1868 (1999)). In addition, it
was shown that androgens are most important for the NO
induced erectile activity in rat (Reilly et al., J. Androl.
18:110-115 (1997)). The main androgen involved in the
NO-mediated stimulation of erection is dihydrotestosterone
(Lugg et al., Endocrinology 136:1495-1501 (1995); Schirar
et al., Endocrinology 138:3093-3102 (1997)). It is possible
that ageing associated decline in circulatory androgen level
may therefore contribute to ageing associated erectile dys-
function, although evidence is not yet available for this.

[0007] Another hormone having important relevance for
erectile function is insulin which can induce vasodilation
caused by a number of potential mechanisms involving
either the vacular smooth muscle, vascular endothelium, or
both (Feener and King, Lancet 350(suppl.):SI19-SI13 (1997);
Scherrer and Sartorio, Circulation 96:4104-4113 (1997);
Baron et al., Am. J. Physiol. 271:E1067-E1072 (1996);
Yki-Jarvinen and Utriainen, Diabetologia 41:369-379
(1998)). Insulin has been shown to have a direct relaxing
effect on vascular smooth muscle by hyperpolarisation and
decreased calcium influx. It is further suggested that insulin
can increase the production of NO by regulating the expres-
sion of eNOS in cultured endothelial cells, indicating an
activation of NOS via the insulin receptor (Zeng and Quon,
J. Clin. Invest. 98:894-898 (1996); Kuboki et al., Circulation
101:676-681 (2000)). Thus, insulin may modulate vascular
tone. Diabetes associated erectile dysfunction resulting
mostly from vascular damages have been well investigated
(El-Rufaic et al., J. Psychosom. Res. 43:605-612 (1997);
McKendrick et al., B. J. Urol. 124:361-369 (1998); Honing
et al., Diabetes Metab. Rev. 14:241-249 (1998)).

[0008] The involvement of insulin in the erectile function
is well documented as erectile dysfunction is common in
diabetes (El-Rufaie et al., supra, 1997; Rehman et al., Am. J.
Physiol. (Heart Circ. Physiol. 41):H1960-1971 (1997)). Also
a possible role of insulin in the nitric oxide controlled system
of vasodilatation and vasoconstriction of smooth muscle
cells in the rat penis has been proposed by demonstrating a
vasodilatory effect of insulin in aortic endothelial cells
linking insulin with activation of eNOS (Zeng and Quon,
supra, 1996; Kuboki et al., supra, 2000; Kahn et al., Hyper-
tension 30:928-933 (1997)).

[0009] The biological effects of insulin are mediated by a
membrane glycoprotein that consists of two extracellular
a.-subunits, which bind insulin, and two membrane-span-
ning [-subunits bearing an intrinsic tyrosine kinase activity
for transducing the insulin-induced signal inside the cell
(Rosen, O., Science 237:1452-1458 (1987); White and
Kahn, J. Biol. Chem. 269:1-4 (1994)). The human insulin
receptor is composed of 22 exons which encode the a-sub-
unit (exon 1-11) and the f-subunit (exon 12-22) (Seino et al.,
Proc. Natl. Acad. Sci. USA 86:114-118 (1989)). The mature
insulin receptor exists as two isoforms that differ by the
presence or absence of 12 amino acids at the carboxy
terminus of the a-subunit. These two receptor isoforms are
generated by tissue-specific alternative splicing of the
36-basepair exon 11 (Seino and Bell, Biochem. Biophys.
Res. Commun. 159:312-316 (1989); Goldstein and Dudley,
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Mol. Endocrinol. 4:235-244 (1990); Sugimoto et al., Dia-
bets/Metab. Res. Rev. 16:354-363 (2000)). The expression of
these two spliced isoforms (Ex117/Ex117) varies depending
on tissue type in humans, rats and monkeys (Seino and Bell,
supra, 1989; Goldstein and Dudley, supra, 1990; Moller et
al.,, Mol. Endocrinol. 3:1263-1269 (1989); Huang et al., J.
Clin. Invest. 14:1289-1296 (1994)). Expressed in cultured
cells the two insulin receptors exhibit different functional
properties. The receptor variant lacking exon 11 (Ex117)
shows a higher affinity for insulin (Mostaf et al., EMBO J.
9:2409-2413 (1990); McClain, D., Mol. Endocrinol. 5:734-
739 (1991)) and a higher internalization rate (Kellerer et al.,
Biochemistry 13:4588-4598 (1992)) than the variant com-
prising exon 11 (Ex11%). In contrast, Ex117 isoform has a
higher insulin-stimulated tyrosine kinase activity (Yamagu-
chi et al., Endocrinology 129:2058-2066 (1991)).

[0010] Tt has been reported that properties of the receptor
are fundamentally affected by splicing (Sugimoto et al,,
Supra, 2000; Moller et al., supra, 1989; Huang et al., supra,
1994). On one hand, Exll+shows an enhanced receptor
autophosphorylation and receptor substrate phosphorylation
suggesting that this form signals more efficiently than Ex11~
(Yamaguchi et al., supra, 1991). On the other hand, Ex11~
receptor proteins show a higher affinity for insulin and an
increased rate of internalisation (Mostaf et al., supra, 1990;
McClain, D., supra, 1991; Kellerer et al., supra, 1992).

[0011] The effect of ageing on insulin receptor expression
in liver, muscle and heart was analyzed by Vidal et al. (Vidal
et al., Diabetes 44:1196-1201 (1995)). The authors demon-
strated that ageing induces a significant decrease in total
insulin receptor mRNA levels in the liver and heart, whereas
no alteration was described for the muscle. In all three
tissues the proportion of Ex11* mRNA was significantly
decreased. A study by Wiersma et (Wiersma et al., Am. J.
Physiol. 272:E607-E615 (1997)) revealed that 12 months-
old rats were characterized by a significant decrease in the
relative expression of Ex11* mRNA in the liver, heart and
tibialis muscle (Wiersma et al., supra, 1997). On the other
hand, they showed that the effect of ageing corresponded to
a reduction of the absolute level of Ex11* mRNA in the
tissues, without modification of Ex11™ mRNA.

[0012] Presently, there are only few medicaments for
treating erectile dysfunction. However, these medicaments
are not efficient in every patient. Moreover, side effects of
the compounds make it impossible to use the same on many
patients in need of treatment.

[0013] Consequently, there is still a need for identifying
new compounds which are useful in the treatment of an
erectile dysfunction. Until now, however, there is no reliable
screening method which would allow evaluation whether or
not a compound is effective in treating such conditions.

SUMMARY OF THE INVENTION

[0014] This problem is solved by a method for identifying
a pharmaceutically active compound for the treatment of a
condition caused by altered expression of the insulin recep-
tor, comprising the steps of

[0015] a) administering a potential pharmaceutically
active compound to a mammal; and

[0016] b) subsequently in-vitro analysing the amount
of the Ex11*-splice variant and/or the Ex11~ splice
variant of the insulin receptor in the penile tissue of
said mammal; and
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[0017] c) selecting a compound which leads to an
increase of the amount of the Ex11*-splice variant
and/or a decrease of the amount of the Ex11™-variant
of the insulin receptor.

[0018] It has now suprisingly been found that alteration of
the splicing mechanism of the insulin receptor MRNA in the
penis tissue during ageing essentially corresponds to those in
young subjects which had undergone castration. This offers
an improved possibility to identify pharmaceutically active
compounds which are useful in the treament of such con-
ditions by their ability to reverse the splicing pattern
observed.

[0019] In the present application, the term “Ex11*-vari-
ant” is used to refer to the splice variant of the insulin
receptor which comprises exon 11 within its sequence. As
used herein, exon 11 defines the exon encoding the C-ter-
minal part of the a-subunit of the insulin receptor protein. In
mammals exon 11 embraces a 36 bp fragment encoding 12
amino acids.

[0020] The term “Ex11~-variant” is used according to the
present invention to refer to a splice variant of the insulin
receptor which lacks exon 11 within its sequence.

[0021] In a preferred embodiment of the invention, the
condition caused by altered expression of the insulin recep-
tor is an erectile dysfunction. In the context of the present
invention, an erectile dysfunction can be an acute erectile
dysfunction, a pathologic condition, ageing-dependent erec-
tile dysfunction, or a predisposition of an erectile dysfunc-
tion.

[0022] As used herein, erectile dysfunction defines a dis-
turbance of erection, i.e. an inability of the penis to enlarge
and reach or sustain suffient rigidity for successful penetra-
tion in response to sexual stimulation. The dysfunction may
be a primary, i.e. permanent, disfunction, or a secondary
dysfunction, i.e. a dysfunction arising spontancously in
distinct situations.

[0023] The erectile dysfunction may also be due to organic
causes like insufficient blood supply of the tissue due to
aterial abnormalities; insufficient insulation of the spongy
body, for example by myocytes degeneration; neurogenic
disorders, for example mechanical damage on nerves as a
result from surgery; or hormone disorders like depletion of
testosterone. As used herein, an age-depending erectile
dysfunction is an erectile dysfunction the developement of
which is associated with the increasing age of a mammal.

[0024] Apredisposition for an erectile dysfunction as used
in the present invention refers to a physiological and genetic
condition of a mammal which indicates a risk of developing
erectile dysfunction as described above or symptomes asso-
ciated with erectile dysfunction.

[0025] In a further embodiment of the invention, a sample,
such as a penile tissue sample, blood or serum is withdrawn
from the mammal. The sample is withdrawn and the amount
of the Ex11*-splice variant and/or the Ex11~-splice variant
of the insulin receptor is subsequently analyzed. In order to
release the receptor protein or a nucleic acid coding therfor
from the cells, the cells of the sample can be lysed by means
of methods known to a person skilled in the art. These
methods include, for example, the addition of lytic enzymes
or detergent like SDS to the cell sample as well as the
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disruption of the cells by sonication or freezing and subse-
quent thawing. It may also be possible to use blood or serum
which directly surround the penile tissue as samples in
accordance with the present invention.

[0026] The amount of the Ex11*- and/or the Ex11™-splice
variant of the insulin receptor to be analysed can be a
relative or an absolute amount. As used herein, the absolute
amount of an insulin receptor splice variant refers to the
number of the molecules or their weight as detected in a
defined sample unit (for example per ug). The number of
molecules can be inferred from quantitative detection meth-
ods like, for example, RT-PCR or spectrometric measure-
ments known by a person skilled in the relevant art. The
sample unit can be defined by standard IUPAC units of
measurements like mg or ml.

[0027] According to the present invention, the relative
amount of an insulin receptor splice variant can be deter-
mined by analyzing the amount of molecules relative to the
amount of a second molecule from the same or a different
sample, which is used as an internal control.

[0028] For this purpose, co-detection can be performed
under the same conditions as employed for detection of
insulin receptor splice variant. When using tissue samples,
co-detection can relate to a reference molecule constitutively
expressed in the cell. Molecules suitable for co-detection are
well-known in the art and comprise, inter alia, the globulin
encoding mRNAs. In a particularly preferred embodiment,
the relative amount of the Ex11*- and/or the Ex11 -splice
variant of the insulin receptor is determined by comparison
of the amount of the Ex11™-splice variant with the amount
of the Ex11"-splice variant of the insulin receptor or with the
amount of the enzyme glycerinealdehyde-3-phosphate-de-
hydrogenase (GAPDH). Preferably both are detected using
the same method as used for the insulin splice variant.

[0029] In a further embodiment of the invention, in-vitro
analysing the amount of the Ex11*-splice variant and/or the
Ex11~-splice variant of the insulin receptor can comprise the
analysis of an Ex11*-splice variant and/or the Ex11~-splice
variant encoding nucleic acid. Preferably, analysing com-
prises the determination of the amount of Ex11™-splice
variant and/or the Ex11 -splice variant encoding mRNA.
Alternatively, analysing comprises the determination of the
amount of the Ex11*-splice variant and/or the Ex11 7 -splice
variant proteins.

[0030] Depending on the nature of molecule to be deteced,
analysing can comprise nucleic acid amplification like PCR
or RT-PCR, or Blot methods like Southern-, Western- or
Northern-Blots employing probes capable of specifically
detecting the different splice variants. Analysing can further
comprise immuno-binding assays which are known to the
skilled person. For example, monoclonal antibodies against
the 12 amino acid fragment encoded by exon 11 can be
generated and linked to a dye like fluorescein-isothiocyanat
to specifically detect the Ex11*-variant. Numerous methods
for coupling an antibody to a substance suitable for detection
are available in the art.

[0031] Ttis,of course, also possible to detect and isolate an
insulin receptor splice variant by a procedure allowing
isolation of the splice variant and analyzing the relative or
absolute amount of the variant by chromatographical or
spectroscopical measurements, for instance, by NMR-spec-
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troscopy or HPLC. Methods suitable for such detections are
well-known to a person ordinary skilled in the art.

[0032] According to the invention, the mammal the poten-
tial pharmaceutically active compound is administered to,
can be a rodent, e.g. a mouse, a rat, a rabbit, or a guinea pig.
Preferably, the rodent is a rat.

[0033] In a further embodiment of the invention, the
method for identifying a pharmaceutically active compound
further comprises the step of comparing the amount of the
Ex11*-splice variant and/or the Ex11~-splice variant of the
insulin receptor with the amount of the same insulin receptor
splice variant determined in the same mammal before
administration of the potential pharmaceutically active com-
pound. Comparison of the amounts of a specific insulin
receptor splice variant before and after administration of the
potentially active compound allows direct evaluation as to
whether the compound is capable of increasing and/or
decreasing the amount of said splice variant in the affected
mammal.

[0034] The invention further relates to a method for pre-
paring a pharmaceutical composition for treatment of a
condition which is caused by altered expression of the
insulin receptor, comprising:

0035] a) identifying a pharmaceutically active com-
ylng a p y
pound according to a method of the present inven-
tion; and

[0036] b) mixing said compound with a pharmaceu-
tically acceptable carrier.

[0037] As used herein, the term “pharmaceutically accept-
able carrier” includes, for example, solvents, dispersion
media, coatings and absorption delaying agents being com-
patible with pharmaceutical administration. In accordance
with the invention, water, saline, propylene glycol, glycer-
ine, Ringer’s solution, dextrose solution, solutions contain-
ing human serum albumin, as well as fixed oils can be
employed as suitable carriers. The use of these carriers is
well-known to a person skilled in the art.

[0038] According to one embodiment of the invention, the
pharmaceutical composition is formulated for parenteral
administration. For example, the composition can be for-
mulated for administration by injection. Compositions suit-
able for injectable use commonly comprise sterile aqueous
solutions or dispersions. For intravenous application, suit-
able carriers include bacteriostatic water, or phosphate buff-
ered saline. The composition can further comprise agents for
preventing microbial growth.

[0039] Alternatively, the pharmaceutical composition can
be formulated for topical administration. These composi-
tions usally comprise penetrants like detergents or other
substances which are useful for enabling the active com-
pound to permeate through the barrier to be passed, e.g. the
transdermal barrier of the skin. For topical administration,
the pharmaceutical compositions can be formulated in form
of ointments, salves, gels or creams according to standard
methods.

[0040] Otherwise, the pharmaceutical composition can be
formulated for oral administration. These compositions gen-
erally comprise an inert or an edible carrier. The composi-
tions for oral administration can be provided, for example,
in the form of tablets, pills, or capsules.
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[0041] According to a preferred embodiment of the
present invention, the pharmaceutical composition is formu-
lated in dosage unit form.

[0042] As used herein, “dosage unit form” relates to a
physically discrete unit suited as unitary dosage for the
mammal to be treated. A unit contains a predetermined
quantity of the pharmaceutical composition which is suffi-
cient for generating the desired therapeutic effect. The exact
amount of a given active compound which contributes to a
unit dosage form clearly depends on the specific compound
as well as on the carrier employed.

[0043] The invention further relates to method of diag-
nosing of a condition which is caused by altered expression
of the insulin receptor in a mammal comprising in vitro
analysing the amount of an insulin receptor splice variant in
the penile tissue of said mammal.

[0044] In a preferred embodiment of the invention, the
insulin receptor splice variant to be determined in the penile
tissue is the Ex117-variant and/or the Ex11*-variant.

[0045] The condition to be diagnosed can be an erectile
dysfunction. Preferably, it is an acute, ageing-dependent, or
a predisposition for an erectile dysfunction.

[0046] The diagnostic method can further comprise with-
drawing a sample, such as penile tissue, a blood or serum
sample from the mammal and analysing the amount of the
insulin receptor splice variant within the sample.

[0047] The amount of an insulin receptor splice variant to
be analysed can be a relative or an absolute amount. Accord-
ing to a preferred embodiment, the amount of the insulin
receptor splice variant to be analysed is a relative amount
determined by comparison of the amount of the Ex117-
splice variant to the amount of the Ex11*-splice variant or to
the amount of GAPDH in the sample.

[0048] Like for the method described above, analysis can
comprise the analysis of a nucleic acid encoding an insulin
receptor variant, €¢.g. an mRNA encoding an insulin receptor
variant, as well as the analysis of an insulin receptor protein
by means of PCR, RT-PCR, Southern-, Western- or Northern
blot, or immuno-binding assays.

[0049] According to the invention, the mammal to which
diagnosis is applied to can be a mammal, and, more pref-
erably, a human.

[0050] According to an alternative embodiment of the
invention, the amount of insulin receptor splice variant
determined in a mammal is compared with the amount of the
insulin receptor splice variant of a control mammal which
does not suffer from erectile dysfunction. To detect ageing-
dependent erectile dysfunction, a control mammal is advan-
tageously used, which is younger than the mammal which is
to be diagnosed. Preferably, the control mammal should be
of an age at which substantially a maximum of sexual
activity can be predicted with respect to its biological
species. As far as diagnosis should be applied to a human,
the control mammal should preferably be between 18-25
years old.

[0051] Inthe course of the present invention, it was shown
that the Ex11*-variant is predominantly expressed in young
rats (3 months old), while the Ex11™-variant represents the
most abundant splice variant in old rats of 23 months (FIG.
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2a). Morcover, it was shown that this alteration is specific
for the penis tissue, since it cannot be observed in other
tissues like heart, liver or muscle (FIG. 3). Essentially the
same expression pattern was found for young castrated rats
(3 months).

[0052] Since the shift in the relative distribution of splic-
ing variants resulting from ageing and castration is a penis-
specific effect, the shift accounts for a lowered insulin
sensitivity of penile tissue leading to a local insulin resis-
tance and thereby affecting erectile function. Thus, the
specific pattern of the insulin receptor mRNA splicing offers
the possibility to diagnose erectile dysfunction in a mammal
using an in-vitro assay capable of detecting one or both of
the splice variants and to identify pharmaceutically active
compounds for the treatment of a conditions caused by
altered expression of the insulin receptor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG. 1: Expression of two alternatively spliced IR
mRNA transcripts in various tissues of rats as revealed by
RT-PCR. Amplification of cDNA was performed by using a
primer set flanking the alternatively spliced exon 11. The
two predominant amplification products are at 273 bp and/or
237 bp representing the two IR mRNA species with or
without exon 11, respectively. GAPDH mRNA was ampli-
fied as internal control. Reaction products wre analyzed by
electrophoresis in a 2.5% ethidiumbromid stained agarose
gel.

[0054] FIG. 2a: Expression of two alternatively spliced IR
mRNA transcripts in penile tissue of young (y), middle-aged
(ma) and old (o) rats as revealed by RT-PCR. Amplification
of cDNA was performed by using a primer set flanking the
alternatively spliced exon 11. The two predominant ampli-
fication products are at 273 bp and/or 237 bp representing
the two IR mRNA species with or without exon 11, respec-
tively. GAPDH mRNA was amplified as internal control.
Reaction products were analyzed by electrophoresis in a
2.5% ethidiumbromid stained agarose gel. M=100 bp DNA
ladder.

[0055] FIG. 2b: Relative abundance of the two insulin
receptor mRNAs spliced variants in penile tissue of young,
middle-aged and old rats. Percentage of exon 11 (EX11+
)JMRNA form is represented by

[0056] solid portion of bars, with means_SD of this per-
centage at left. *p<0,05 vs. young control animals.

[0057] FIG. 3a: Expression of two alternatively spliced IR
mRNA transcripts in penile tissues of young (y), and old (o)
rats as revealed by RT-PCR. Amplification of cDNA was
performed by using a primer set flanking the alternatively
spliced exon 11. The two predominant amplification prod-
ucts are at 273 bp and/or 237 bp representing the two IR
mRNA species with or without exon 11, respectively.
GAPDH mRNA was amplified as internal control. Reaction
products were analyzed by electrophoresis in a 2.5% ethidi-
umbromid stained agarose gel. M=100 bp DNA ladder.

[0058] FIG. 3b: Relative abundance of the two insulin
receptor mRNAs spliced variants in various tissues of young
(v), and old (o) rats. Percentage of exon 11 (EX11+)mRNA
form is represented by solid portion of bars, with means+SD
of this percentage at top. *p<0,05 vs. young control animals.
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[0059] FIG. 4a: Expression of two alternatively spliced IR
MRNA transeripts in penile tissues of young (y), old (o),
young castrated (ca) and castrated and testosterone-replaced
(te) rats as revealed by RT-PCR. Amplification of cDNA was
performed by using a primer set flanking the alternatively
spliced exon 11. The two predominant amplification prod-
ucts are at 273 bp and/or 237 bp representing the two IR
mRNA species with or without exon 11, respectively.
GAPDH mRNA was amplified as internal control. Reaction
products were analyzed by electrophoresis in a 2.5% ethidi-
umbromid stained agarose gel. M=100 bp DNA ladder.

[0060] FIG. 4b: Relative abundance of the two insulin
receptor mRNAs spliced variants in penile tissue of young,
old, young castrated (castrate) and young castrated but
testosterone-replaced (testo) rats. Percentage of exon 11
(EX114+)mRNA form is represented by solid portion of bars,
with means_SD of this percentage at top. *p<0,05 vs. young
control animals.

EXAMPLES
Example 1

Animals and Tissues

[0061] Male wistar rats (Charles River, Sulzfeld, Ger-
many) were maintained under standard conditions of hous-
ing (12 h light, 12 h dark cycle, 23° C.) with regular
laboratory rat food and water ad libitum.

[0062] The rats were divided into three groups each con-
taining four animals. Group A consisted of 3 months old,
group B consisted of 14 months old and group C included 23
months old rats. Tissue pieces of penis, heart, liver, brain and
muscle were collected immediately after the animals were
sacrificed. A portion of these tissues were eciter fixed in
Bouin’s solution for histological evaluation and another
portion was frozen in liquid nitrogen for RNA-preparation
later on. Blood was collected for the determination of total
and free testosterone using radioimmunoassay. The assay
was performed according to the instructions of the manu-
facturer (Testosterone *2°T RIA Kit, ICN Biomedicalls Inc.,
USA).

Example 2

RNA Preparation

[0063] Tissue samples (100-200 mg) were pulverized in
liquid nitrogen. Total RNA was isolated using guanidium
thocyanate, phenol-chloroform extraction (pecLab, Erlan-
gen, Germany). The RNA was precipitated with isopropanol
at =20° C. for 2 h, washed with 75% ethanol, dissolved in
diethylpyrocarbonate water and quantified spectrometrically
at 260 nm. The ratio of absorption of all preparations was
between 1.8 and 2.0. To ensure that concentration was
identical in each sample, the intensity of 28 sRNA was
compared on an 1% agarose gelectrophoresis after ethidium
bromide staining. Total RNA was stored at —80° C. until
further use.

Example 3

cDNA Synthesis and Polymerase Chain Reaction
Amplification

[0064] First strand cDNA synthesis was carried out using
a commercially available kit (Gibco BRL). Briefly, 4 ug of
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total RNA was primed with 0,5 ug of oligo(dT);, ;5 and
incubated 10 min at 70° C. For each sample Ix first strand
puffer, 0,2M DTT, 10 mM dNTP’s and 200U of Superscript
IT reverse transcriptase were added. Reverse transcription
was performed at 42° C. for 50 min and stopped by heating
for 15 min. at 70° C. The resulting ¢cDNA templates were
stored at —20° C. or directly used for PCR.

[0065] After a denaturation period of 3 min the PCR
reaction was followed by 35 cycles of 95° C. for 60 sec., 60°
C. for 60 sec. and 72° C. for 60 sec. PCR was performed
with 6 ul cDNA, 10 mM of each dANTP, 5U Tag-Polymerase
(Biotherm) and 50 pmol of both sense and antisense primers
in PCR buffer. The final volume of each reaction was 50 ul.
Reaction products (15 ul) were run on a 2.5% agarose gel.
Primers used for PCR were:

[0066] 5-AAGAAGCTTAGGCAGAGTGA-
CAAGTGAC-3' (SEQ ID NO: 1; antisense, comple-
mentary to insulin receptor cDNA sequence starting
at position 2438 (underlined) and also containing a
HindIII restriction site); and

[0067] 5-GAAGAATTCATTCAGGAAGACCT-
TCGA-3' (SEQ ID NO: 2; sense, identical to rat
insulin receptor cDNA sequence from position 2181

(underlines) and containing an EcoRI restriction site;
25).

[0068] Densitometric analysis of the insulin receptor
mRNA splice variant levels was performed using the Image
Quant 5.0 software.

[0069] For the proportion of the two insulin receptor
variant mRNA levels, significance of the difference of the
mean values was determined by unpaired student’s t-test.
The threshold for signigicance was set at p<0.05.

Example 4

Alternative Splicing of Insulin Receptor mRNA in
Diverse Tissues of Rats

[0070] RT-PCR analysis using total RNA from different
tissues of rats to determine the relative amounds of alterna-
tively spliced insulin receptor mRNA variants in diverse
tissues of young (3 months old) rats was performed accord-
ing to examples 1-3. Oligonucleotide primers which were
chosen to flank the corresponding domain of exon 11 splice
size of rat insulin receptor representing isoform Ex11* (273
bp) and isoform Ex11~ (237 bp). Modifications in the
splicing mechanisms were verified by quantitative analysis
employing densitometric evaluation. Glycerin aldehyde
3-phosphate-dehydrogenase (GAPDH) mRNA was used as
an internal control. PCR-Oligonucleotide primers used for
amplification of GAPDH were as follows:

primer GAPDH-1:
5'-TCCTGCACCACCAACTGCTTA-3"';
and

primer GAPDH-2:
5'-CGCCTGCTTCACCACCTTCTT-3".

(SEQ ID NO:3)

(SEQ ID NO:4)

[0071] The results of the PCR reaction were examined by
agarose gel electrophoresis. As can be seen in FIG. 1, it was
observed that in the liver only longer variants were
expressed, which is in agreement with already published
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data (25,26). In the heart, both variants were found to be
expressed, also the exll+isoform was predominant. In the
skeletal muscle both variants were expressed to an equal
extent. In the brain, exclusive expression of Ex11~ variant
was noted (FIG. 1).

Example 5

Relative Expression of Insulin Receptor Splice
Variants in the Penis and the Effect of Ageing

[0072] RT-PCR analysis of penis tissue was performed
according to examples 1-3. The results are shown in FIG.
24. In the penis of young (3 months old) rats, the longer
Ex11* isoform was found to be almost exclusively
expressed. In contrast, in the penile tissue of old (23 months)
rats there was a predominant expression of the shorter
Ex11~-variant. The distribution of the two splice variants in
middle-aged (14 months) animals was similar to the old
(FIG. 2a). However, the highest expression level of Ex11~
insulin receptor could be detected in old rats (FIG. 2a).

[0073] Quantitative measurement of insulin receptor Exll+
mRNA in penile tissue of yong versus old rats confirmed that
in young penis the most predominant insulin receptor form
is Ex117 (85.9%). In contrast, middle-aged and old rats were
characterized by a decrease in the relative expression of
Ex11* mRNA in the penis compared to young rats. This
switch of the insulin receptor isoform expression in favor of
the samller form was significant in both, middle-aged
(79.9.%) and old rats (78.4%) as shown in FIG. 2b.

[0074] 1t was of interest, therefore, to investigate if a
similar age-dependent variation in the pattern of insulin
receptor mRNa expression could be observed in other tis-
sues as well. However, in contrast to the penis, no such
age-dependent changes in isoform-specific distribution
could be observed in liver, heart, skeletal muscle and brain
(FIGS. 3a, 3b). Thus, the ageing associated changes in the
pattern of insulin receptor mRNA expression was specific to
penile tissue.

Example 6

Examination of Androgen-Dependency of
Ageing-Related Variation of the Pattern of Insulin
Receptor mRNA Expression in Rat Penis by
Castration and Testosterone Replacement

[0075] Pellets for testosterone-or placebo-implantation
were received from Innovative Research of America, Sara-
sota, Fla., USA. To evaluate the effects of castration and
testosterone replacement male wistar rats (3 months, n=21)
were divided into three groups: Group 1, intact (shame
operated, given a placebo-pellet by implantation under the
dorsal skin, n=7), group 2, castrated (implantation of pla-
cebo-pellet, n=7) and group 3, castrated, but given a test-
osterone-implantate of 15 mg (n=7). 3 weeks after treatment
rats were Killed and penile tissue as well as blood samples
were treated as described in example 1. The experimental
study was conducted in accordance with the general federal
law on the care and use of laboratory animals.

[0076] It was noted that the level of testosterone in the
serum of young versus old rats were 4.436x1.1 and
0.57+0.17 ng/ml (mean+SD, n=4) respectively, pointing to a
drop in the level of testosterone in circulation of aged
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animals. This is in agreement with Zirkins lab (Zirkin et al.,
Exp. Gerontol. 32:529-537 (1997); Zirkin and Chen, Biol.
Reprod. 63:977-981 (2000)). In order to discern if the
observed ageing related alteration in the expression of two
splice variants of insulin receptor mRNA could be due to a
declining androgen level in the ageing rats, we have per-
formed orchiedectomy on young rats. One group of cas-
trated rats received androgen releasing subcutanous implant.
After castration, the relative weight of the penis in relation
to the body weight were dramatically reduced compared to
the control animals (77.3£7.3 vs. 46.8+4.3 mg/100 g body-
weight). A similar effect was observed with the prostate
weight of controled and castrated animals (96.7+30.4 vs.
7.4x2.4; table 1). However, testosterone-replacement
induced a reversal of this effect in both organs (table 1). The
effect of castration and andorgen-replacement of the insulin
receptor mRNA expression in penile tissue of young rats is
presented in FIG. 4a. In intact animals, only the longer
variant was found to be expressed. Following castration, the
appearance of the smaller splice variant was observed, the
pattern resembling the old animals. It was noticed that this
isoform persisted even in those castrated animals that
received androgen supplementation.

[0077] A quantative analysis of relative expression of
insulin receptor MRNA variants in penis of intact, castrated,
castrated and androgen-replacement young rats are shown in
FIG. 4b. In the penis of the intact controls, almost all of the
mRNAs encoding the insulin receptor comprised of Ex11*
(85.9%) variant. In contrast, in the castrated rats the Ex11*
variant accounted for only 19.2% of the total receptor
mRNAs, while most (80.8%) of the insulin receptor mRNAs
was represented by Ex11™ variant. Androgen-supplementa-
tion of castrated rats could not alter the relative proportoin
of Ex11* to Ex11~ being 22.8% and 77.2%, respectively. In
both tissues the proportion of Ex11™ mRNA was signifi-
cantly decreased when compared to young control rats.

CON (mgf100 g CASTR (mg/100 g TESTO (mg/100 g
body weight) body weight body weight)

Penis 77373
Prostate 96.7 £ 30.4

46.8 £ 4.3
7424

78.55 = 5.54
92.37 = 33.89

Tab.1: Organ weights (mg/100 g body weight) of young controle (CON),
young castrated (CASTR) and young castrated but testosterone-replaced
(TESTO) rats in relation to the body weight.

[0078] An ageing-dependent alteration in insultin receptor
expression may lead to a situation where signalling mecha-
nisms coupled to insulin rceptors do not funtion optimally,
leading to a pathophysiology situation similar to that
described for insulin resistance syndrome. In such a syn-
drome, a diabetes like condition develops although tehre is
enough or even increased amaounts of insulin in circulation.
Diabetes is associated with an increased incidence of impo-
tence, which is also observed in ageing. It is proposed that
altered expression pattern of insulin receptor splice variants
in ageing leads to a local condition similar to insulin
resistance syndrom,e in the penis. Insulin resistance syn-
drome has not yet been effectively treated so far. However,
compounds like thiazolidinedione insulin sensitisers (sce
reports by Goldstein B J, Diabetes Technol. Ther., 3, 267-
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275 (1999); and Alicia di Rado, www.usc.edu/hsc/info/pr/
v17/721/insulin.html, 2001) have been proposed for
treatment of the insulin resistant syndrome. These drugs
have many side effects (see www.diabetis-drug.net, 2001)
and further research is necessary to develop related com-
pounds that are more effective but have less side effects.

[0079] 1t is conceivable, therefore, that a similar or an
improved treatment regimen based on newer compounds or
better formulation maybe used to improve the condition of
ageing related impotence, the pathophysiology of which
appears to be determined by a condition similar to insulin
resistant syndrome.
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We claim:

1. A method for identifying a pharmaceutically active
compound for the treatment of a condition caused by altered
expression of the insulin receptor, comprising the steps of

a) administering a potential pharmaceutically active com-
pound to a mammal; and

b) subsequently in-vitro analysing the amount of the
Ex11*-splice variant and/or the Ex11~-splice variant of
the insulin receptor in the penile tissue of said mammal;
and

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR oligonucleotide primer

<400> SEQUENCE: 1

aagaagctta ggcagagtga caagtgac

<210> SEQ ID NO 2

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR oligonucleotide primer

<400> SEQUENCE: 2

gaagaattca ttcaggaaga ccttcga

<210> SEQ ID NO 3

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: PCR oligonucleotide primer
<400> SEQUENCE: 3

tcctgcacca ccaactgctt a

<210> SEQ ID NO 4

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR oligonucleotide primer

<400> SEQUENCE: 4

cgcctgecttc accaccttct t

28

27

21

21
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¢) sclecting a compound which leads to an increase of the
amount of the Ex11*-splice variant and/or a decrease of
the amount of the Ex11™-variant of the insulin receptor.

2. The method according to claim 1, wherein said condi-
tion is an erectile dysfunction.

3. The method according to claim 2, wherein said erectile
dysfunction is acute, a pathologic condition, ageing-depen-
dent, or a predisposition for an erectile dysfunction.

4. The method according to claim 1, further comprising
withdrawing a sample, such as penile tissue, a blood or
serum sample from said mammal and analysing the amount
of the Ex11*-splice variant and/or the Ex11~-splice variant
within the sample.

5. The method according to claim 1, wherein said amount
of the Ex11*-splice variant and/or the Ex11™-splice variant
of the insulin receptor is a relative or an absolute amount.

6. The method according to claim 5, wherein said amount
of the Ex11*-splice variant and/or the Ex11~-splice variant
of the insulin receptor is a relative amount determined by
comparison of the amount of the Ex117-variant to the
amount of the Ex117-variant or to the amount of GAPDH in
the sample.

7. The method according to claim 1, wherein in-vitro
analysing comprises the analysis of a nucleic acid encoding
the Ex11*-splice variant and/or the Ex11~-splice variant of
the insulin receptor.

8. The method according to claim 7, wherein in-vitro
analysing comprises the analysis of a mRNA encoding the
Ex11*-splice variant and/or the Ex11™-splice variant of the
insulin receptor.

9. The method according to claim 1, wherein in-vitro
analysing comprises the analysis of an Ex11*-splice variant
and/or the Ex117-splice variant protein.

10. The method according to claim 7, 8 or 9, wherein said
analysis is performed via PCR, RT-PCR, Southern-, West-
ern- or Northern blot, or immuno-binding assays.

11. The method according to claim 1, wherein said
mammal is a rodent.

12. The method according to claim 11, wherein said
rodent 1s a rat.

13. The method according to claim 1, further comprising
comparing the amount of the Ex11*-splice variant and/or the
Ex11™-splice variant of the insulin receptor with the amount
of the same splice variant as determined in the same mam-
mal before administration of the potential pharmaceutical
compound.

14. A method for preparing a pharmaceutical composition
for the treatment of a condition caused by altered expression
of the insulin receptor, comprising:

a) identifying a pharmaceutically active compound
according to claim 1; and

b) formulating said compound with a pharmaceutically
acceptable carrier.
15. The method according to claim 14; wherein said
pharmaceutical composition is formulated for parenteral
administration.
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16. The method according to claim 15, wherein said
pharmaceutical composition is formulated for administra-
tion by injection.

17. The method according to claim 15, wherein said
pharmaceutical composition is formulated for topical
administration.

18. The method according to claim 14, wherein said
pharmaceutical composition is formulated for oral adminis-
tration.

19. The method according to claim 14, wherein said
pharmaceutical composition is formulated in dosage unit
form.

20. A method of diagnosing of a condition caused by
altered expression of the insulin receptor in a mammal
comprising in-vitro analysing the amount of an insulin
receptor splice variant in the penile tissue of said mammal.

21. The method according to claim 20, wherein said
insulin receptor splice variant is the Ex11~-variant and/or the
Ex11*-variant.

22. The method according to claim 20, wherein said
condition is an erectile dysfunction.

23. The method according to claim 22, wherein said
erectile dysfunction is acute, ageing-dependent, or a predis-
position for an erectile dysfunction.

24. The method according to claim 20, further comprising
withdrawing a sample, such as penile tissue, a blood or
serum sample from the mammal and analysing the amount
of an insulin receptor splice variant within the sample.

25. The method according to claim 20, wherein said
amount of an insulin receptor splice variant to be analysed
is a relative or an absolute amount.

26. The method according to claim 25, wherein said
amount of an insulin receptor splice variant to be analysed
is a relative amount determined by comparison of the
amount of the Ex117-splice variant to the amount of the
Ex11*-splice variant or to the amount of GAPDH in the
sample.

27. The method according to claim 20, wherein in-vitro
analysing comprises the analysis of a nucleic acid encoding
an insulin receptor variant.

28. The method according to claim 27, wherein in-vitro
analysing comprises the analysis of an mRNA encoding an
insulin receptor variant.

29. The method according to claim 20, wherein in-vitro
analysing comprises the analysis of an insulin receptor
protein.

30. The method according to claim 27, 28 or 29, wherein
said analysis is performed via PCR, RT-PCR, Southern-,
Western- or Northern blot, or immuno-binding assays.

31. The method according to claim 30, wherein said
mammal is a human.

32. The method according to claim 20, further comprising
comparing the amount of the insulin receptor splice variant
with the amount of insulin receptor splice variant of a
control mammal not suffering from said condition.

* # * #® *
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