- I Inhibition of Protein Kinase C Al pha for the Treatnment of D abetes

Mel litus and Cardi ovascul ar Di seases The present invention relates to the
use of agents which reduce or inhibit the expression and/or activity of
protein kinase Ca (PKC- (x) for the treatnent and/or prevention of coronary
heart di sease, nyocardial infarction, peripheral occlusive disease, stroke,
renal diseases involving proteinuria, digbetic |ate effects and/or

cardi ovascul ar conplications in patients with diabetes nellitus,

cardi ovascular conplications in patients with hypertension, and

cardi ovascul ar conplications in patients with hyperchol esterol em a.

Di abetes nellitus is one of the nost frequent diseases in the Western world
and afflicts about 5% of the population. D abetes nellitus is subdivided
into diabetes type I, which usually occurs already in the youth, and

di abetes type Il, which is also referred to as adult-onset or

mat urity-onset diabetes. Due to a disorder in the glucose netabolism
permanently increased bl ood glucose | evels occur in both diabetes fornms,
which results in different conplications in the afflicted patients after
several years. The nost frequent and at the sane tinme nost feared
conplications are dighgitich bEPidtePAKiRY¥se AIPRares dhé Frédtntddtngness, diabetic
neur opat hy, which may Tead to foot or Teg anputatlons and di abetic
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Under the current therapeutic conditions, mcroal bum nuria will occur

about 25%@Tprlgatbuls d% patiepts with hypertension, and cardiovascular complications :n

patients with hypercholesterolemia.

Diabetes mellitus is one of the most frequent diseases in the Western world and
afflicts about 5% of the population. Diabetes mellitus is subdivided into diabetes
type I, which usually occurs already in the youth, and diabetes type 1I, which is
also referred to as adult-onset or maturity-onset diabetes. Due to a disorder in the
glucose metabolism, permanently increased blood glucose levels occur in both
diabetes forms, which results in different complications in the afflicted patients
after several years. The most frequent and at the same time most feared
complications are diabetic retinopathy, which results in blindness, diabetic

neuropathy, which may lead to foot or leg amputations, and diabetic nephropathy.

Diabetic nephropathy will develop in about 40% of all diabetes patients and is the
most frequent cause of chronic renal failure and dialysis treatment worldwide.
About 30 to 40% of all new dialysis patients exhibit diabetic nephropathy. Since
diabetic renal damage develops slowly, the early identification of patients who
have an increased risk of developing renal insufficiency is of great clinical impor-
tance for initiating suitable therapeutic steps. One of the first clinical signs of

beginning renal damage is the occurrence of & so-calied microalbuminuria. This



di abetes type | or type Il (Al zaid, D abetes Care, 19: (1996), 79-89; Klein
et al., Diabetes Care, 22 (1999), 743-751; Valjnadrid et al., Arch. Intern.
Med., 160 (2000), 1093-1100). The risk that renal insufficiency develops is
about 10 times higher in patients with mcroal bumi nuria as conpared to
patients with normal al bum n excretion. Diabetic nephropathy, which is
characterized by a proteinuria of nore-ghan 300 ng/day and/or restricted
renal function, will develop in about 5 to 10%of all patients with

di abetes and m croal bum nuria per year. The risk that diabetic retinopathy
wi Il deveiroplves arnsoemrgt\om@fa@tol-g’/oﬁl meg eefs étbumindiimbeéd i keurswicoliected urine.
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been confirmed in recent years by results obtained by ot her wor Ki ng groups.
-3- In the kidney, the urine is secreted in the renal corpuscles, the

so-cal | edas shown in long-term studies with more than ten years of follow-up, cardiovas-
cular mortality is increased about twice in type II and type I diabetics already in
the stage of microalbuminuria as compared to diabetics without microalbuminu-
ria, also after correction for conventional risk factors, such as cholesterol and
hypertension (Rossing et al.,, Bmj, 313 (1996), 779-784; Gerstein et al.,
Diabetes Care, 23 (2000), Suppl. 2: B35-39; Valmadrid et al., 2000). An
increased cardiovascular mortality can also be detected in patients with microal-
buminuria without diabetes mellitus (Gerstein et al., Jama, 286 (2001), 421-
426).

There are various hypotheses of why microalbuminuria is an extremely impor-
tant marker for the development of complications in patients with diabetes.
According to the so-called "steno hypothesis" (Deckert, Feildt-Rasmussen et al.,
Diabetologia, 32 (1989), 219-226), the loss of negatively charged, i.e., anionic,
molecules in the extracellular matrix is responsible for the formation of albumin-
uria, diabetic retinopathy and cardiovascular complications, for example,
coronary heart disease. This hypothesis is supported by data acquired in both
humans and anima!l model systems, and has been confirmed in recent years by

resuits obtained by other working groups.



glomeruli. To prevent the passage of proteins, for exanple, albumn, the
blood side is separated fromthe urine side by a nenbrane referred to as

t he basal nenbrane. The basal nenbrane has snmall pores which allow snaller
nol ecul es to pass through the basal nenbrane while protein nol ecul es cannot
pass the nenbrane due to their size. In patients wth mcroal bum nuria, the
passage of snmall proteins, such as al buBi-n, neverthel ess occurs although
the pore size is not increased at first. To account for this phenonenon, it
could be shown that nolecules with negative charge which repel the al so
negat i velly &harlgdmeyr othe nyinearie pr@sted inntheergpdl esprepseest Hbeedgeadedt he
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chains predominantly consist of heparan suifate and have a high negative
charge. The protecglycan which occurs most frequently in the body is perlecan.
Perlecan is a protein of 460 kD and has several polysaccharide side chains
(Murdoch and lozzo, Virchows Arch. A. Pathol. Anat. Histopathol., 423 (1993),
237-242; lozzo, Cohen et al., Biochem. J., 302 (1994), 625-639; Murdoch, Liu
et al., J. Histochem. Cytochem., 42 (1994), 239-249). In patients with diabetes
and microalbuminuria, heparan suifate is hardly present in the glomerular basal
membrane. Also in patients with advanced diabetic nephropathy, heparan sulfate
can no longer be detected in the basal membrane, even though the protein
chains are still present. This effect is accounted for by the fact that heparan
sulfate synthesis is reduced under hyperglycemic conditions, as occur in diabet-
ics (Parthasarathy and Spiro, Diabetes, 31 (1982), 738-741; Deckert, Feldt-
Rasmussen et al., 1988; Nakamura and Myers, Diabetes, 37 (1988), 1202-1211;
Nerlich and Schleicher, Am. J. Pathol,, 139 (1991), 889-899; Makino, Ikeda et
al., Nephron, 61 (1992}, 415-421; Scandling and Myers, Kidney Int., 41 (1992),
840-846; Vernier, Steffes et al., Kidney Int., 41 (1992), 1070-1080; Tamsma,
van den Born et al., Diabetologia, 37 (1994), 313-320; lozzo and San Antoniom,
J. Clin. Invest., 108 (2001), 349-355). Further, it could be shown that heparan

sulfate proteoglycans not only prevent the glomerutar filtration of albumin by



van den Born et at., D abetologia, 37 (1994), 313-320; lozzo and San
Antoniorn, J. din. Invest., 108 (2001), 349-355). Further, it could be
shown that heparan sulfate proteoglycans not only prevent the gl omerul ar
filtration of albumn by -4- their negative charge, but are probably also
responsible for the integrity of the pore size within the basal nenbrane
(Deckert, Kof oed-Enevol dsen et al., Diabetologia, 36 (1993), 244-251).

Thus, as the renal insufficiency proceeds, the |oss of heparan sulfate
proteogl ycans results in a gestruction of the mcrostruc- ture of the basal
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pr ot eogl ybah# HEPS) all mtherdergans. iThhk pthdrens ey cligP@dfiction of heparan sulfate
in the connective tissue of the retina, the skeletal muscle, the arterial walls and
the skin as well as on red blood cells. Endothelial cells also exhibit a reduced
synthesis of heparan sulfate (Yokoyama, Hoyer, et al., Diabetes, 46 (1997),
1875-1880; van der Pijl, Daha et al., Diabetologia, 41 (1998), 791-798). Since
heparan sulfate proteoglycans have important antithrombotic properties, the loss
of heparan suifate proteoglycans can contribute to the formation of mi-
crothrombi, for example, in the retinal vessels, and thus promote the formation
of diabetic retinopathy (Marcum, Fritze et al., Am. J. Physiol,, 245 (1983), H275-
33; Marcum, McKenney et al., J. Clin. Invest., 74 (1684}, 341-350; Marcum and
Rosenberg, Biochemistry, 23 (1984), 1730-1737; Marcum, Atha et al., ]J. Biol.
Chem., 261 (1986), 7507-7517). Further important anti-atherosclerotic func-
tions of heparan sulfate proteoglycans (HSPG) include the inhibition by HSPG of
the proliferation of vascular smooth muscle cells, which results in the formation
of arterial vascular lesions. HSPGs further inhibit the binding of monocytes
(inflammatory cells) to the subendothelial connective tissue. HSPGs also inhibit
the subendothelial binding and deposition of lipoprotein a and oxidize LDLs,
which play a critical role in the formation of atherosclerosis. HSPGs are also
important regulators in angiogenesis, i.e., in the formation of new vessels in

damaged body regions (Rosenberg, Shworak et al., 3. Clin. Invest., 100 (1997),



the proliferation of vascular snooth nuscle cells, which results in the
formation of arterial vascular |esions. HSPGs further inhibit the binding
of nonocytes (inflamatory cells) to the subendothelial connective tissue.
HSPGs al so inhibit the subendothelial binding and deposition of |ipoprotein
a and oxi dize LDLs, which play a critical role in the formation of

at heroscl erosis. HSPGs are al so inportaht regulators in angi ogenesis, i.e.,
in the fornation of neM/vesseIs in danaged body regions (Rosenber g, Shworak
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be enpl OyJEdee(r)ﬁntheugiotensin Aldosterone Syst.,, 1 (2000), 18-20; Crippa, J. Hum.
Hypertens., 16 (Suppl. 1} (2002), p. 74-7; Diercks, van Boven et al., Can. J.
Cardiol., 18 (2002}, 525-535). Accordingly, microalbuminuria is an independent
risk parameter of the development and prognosis of cardiovascular diseases. This
can be explained only by the fact that a change in the whole vascular system
occurs in patients with microalbuminuria. However, to date, it has been unclear

which disorder in patients with hypertension is the basis of microatbuminuria.

The object of the invention is to provide agents which can be employed for the
therapy of microalbuminuria, especiaily in patients with diabetes meliitus and
patients with hypertension in order to treat and/or prevent the late effects
associated with diabetes, especially diabetic retinopathy, diabetic nephropathy and
diabetic neuropathy, and cardiovascular complications as weli as the cardiovascular

complications associated with hypertension.

The present invention achieves this object by using agents which reduce or inhibit
the expression and/or activity of protein kinase C-o (PKC-o} for the treatment
and/or prevention of vascular diseases, cardiovascular diseases, renal diseases

involving proteinuria, diabetic late effects and/or cardiovascular complications in



therapy of mcroal bumnuria, especially in patients with diabetes nellitus
and patients with hypertension in order to treat and/or prevent the late
effects associated with diabetes, especially diabetic retinopathy, diabetic
nephropat hy and diabetic neuropathy, and cardi ovascul ar conplications as
wel | as the cardiovascul ar conplications associated wth hypertension. The
present invention achieves this object b§ -using agents which reduce or
inhibit the expression and/or activity of protein kinase C-a (PKC-a) for
the treatnment and/or prevention of vascul ar di seases, cardiovascul ar
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cardi ovascUl ar conplications 1n patienfs wt ypertension, and/or

car di ovastublmieonpl i cations in patients with hypercholes- terolema. In the
prior art, it has been supposed to date that the (32 isoformof protein
kinase C is responsible for the devel opnent of the diabetic conplications.
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expressi opaglay gl apeth @ @), @@o-ahpym nuria. According to the invention, the
further exam nation of t'he "knock out” animals showed conpletely
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hardly able to form heparan sulfate any | onger under diabetic conditions.
not able to form protein kinase C-a sufprisingly did not develop albuminuria after
the induction of diabetes by means of streptozotozin. In contrast, control animals
which were genetically substantially identical except for the change of protein
kinase C-a expression developed a clear albuminuria. According to the invention,
the further examination of the "knock out” animals showed completely surprisingly
that the animals were able to form heparan sulfate at a normal levei under diabetic
conditions. In contrast, the control animals were hardly able to form heparan

sulfate any longer under diabetic conditions.

Histological examinations performed according to the invention resulted in further
significant changes in the protein kinase C-a "knock out" mice. According to the

invention, using immunohistochemical methods, it could be shown that the lack of
protein kinase C-a entrains further significant differences in the expression of VEGF
(vascular endothelial growth factor) and the related recepter (VEGF-R 1I). While a
significant increase of the expressed amounts of VEGF and VEGF-R II receptor
could be detected in diabetic control animals, a significantly lower increase of the
expressed amounts of VEGF and VEGF-R 1I receptor was established in the protein

kinase C-a "knock out" animals. This result is of immense importance because

increased VEGF expression is considered one of the most important mediators for



Hi st ol ogi cal exam nations performed according to the invention resulted in
further significant chances in the protein kinase Ca "knock out" mce.
According to the invention, using i munohistochem cal nmethods, it could be
shown that the lack of protein kinase C-a entrains further significant
differences in the expression of VEG (vascular endothelial growh factor)
and the related receptor (VEG--R 11). Wiilte a significant increase of the
expressed amounts of VEG-F and VEG--R || receptor could be detected in

di abetic control animals, a significantly | ower increase of the expressed
amount s e ‘@@IMEWEGPHRHGIUCH@@QQP@W el gyl Ve Kidnendngr dteph, 77

Kk - \ b
nor oasct 2R i det: BROTENR, AL APHl . 158 GRg T E R e R P e o at or's

for -7- the devel opnment of diabetic retinopathy (Aiello and Wng, Kidney

Int. Sup %» Q0) e P m?_;lt% t%%re dllﬁﬁghtﬁlgﬁ s CAW be] s?&?‘kﬁé’ﬂ [[)rott1‘_§18%{'1%9(9 by

1181-118 rom e resul acco Séen 't hat

protein kifnase ke roR ayshe rlé@MIats@heoﬂ thet h@pé%ﬂBa&at@npﬂitebbﬁ/chﬁpﬁ)ﬁ'ﬁ@tlon
sul fate proteoglycan formation and in the nmanjfestation of proteinuria. The

resul ts AOEdRdiNFgMERIfeRERtaR ehPISRINAYSe ThEHER tth ACCRIBISItA the BYENEMaPay s

a signi fiseait iMatrBtdiAPRREIALC 1P faysN at BRynifE@AILeFicHE! Cp@rftaﬁf o rwrﬂh@ as
conpared to protein kinase C-p, wherein protein "kinase pis evidently

capabl e cﬁmami&kﬁta@oav@‘r peateinsaist a@awtm@ﬁretﬂh@ fomt@-m dirasef C-lpr vherginkproseie
Ca, ho re o h n
i nhi bi t| Yr% e EE@ ! r(é) g%ﬁtli} (fciag)se e?:%g tlg %opkﬁqgge g#l&t %fftgrgsmpl)\‘rcgwgt?fgn
from bot fprbifmn d&M&i@mnhowfevdr abiet iresuiet EC@:frﬁBfg So tBelGhv@rsti@h dbeherc show
neghr opat hy, diabetic r§t| nopat and/ or_ car di ovasc | ar gforrpl i cations, and

develtBpmér MiTbitensah4Be ‘W’?F%% 'ﬁf‘éseac?cé‘nﬁﬁmré@ Sﬁ)ﬁc& YiOhE F Lrofeiion
according. b8 § 4% {HEABYLIBRmd ecffedléﬁetﬁ)(f ?ﬂacrt@es%e Qfdlﬁ\%%[ ﬁewlg%%t duce

or inhibit rﬁhe expressi on and/ or acti VI rdtein | nase
the treaiamstic aetdﬁmatplyeamﬂbr cmrcdubvwmldaﬂ emmﬁh&ﬁ:amss archthth desslophsnt of
di seases, ,.renal eases invol wcrghgrot einuria, diabetic |ate effects

and/ or cff%‘?ﬁés‘%h'lc rTEATGPITERMS i ‘Bdif-ents with diabetes nellitus,

cardi ovascul ar conplications in patients wth hyperten5| on and/ or

cardi ovas&ulsaracggi[gl)‘ké %gtthgrllr%vén i a}t thé‘ s p\g\gotvtl]dewa'\ee 858 of agents which reduce
or inhibit the expression and/or activity of protein kinase C-o (PKC-a) for the
treatment and/or prevention of vascular diseases, cardiovascular diseases, renal
diseases involving proteinuria, diabetic late effects and/or cardiovascular complica-
tions in patients with diabetes mellitus, cardiovascular complications in patients
with hypertension and/or cardiovascular complications in patients with hypercho-

lesterolemia,

In the context of the present invention, "diseases” refers to disorders of the vital
processes in organs or in the whole organism which result in subjectively felt or
objectively detectable physical, psychic or mental changes. "Complications" or "late
effects” means consequential diseases or secondary diseases, i.e., a second

disease which occurs in addition to a primary clinical picture.

According to the invention, the diseases to be treated are, in particular, vascular
diseases, cardiovascular diseases, renal diseases involving proteinuria, diabetes
mellitus with and without associated iate effects and/or cardiovascular complica-

tions, hypertension with and without associated cardiovascular complications
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clinical manifestation of a primary coronary insufficiency in which the
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of the heart and circulation, for example, the filling state and tonus of the circula-
tory system, the output performance of the heart, the neural and humoral coupling
mechanisms between the heart and circulation etc. In a preferred embodiment of
the invention, the cardiovascular diseases are coronary heart disease, myocardial

infarction and stroke.

"Coronary heart disease" means the clinical manifestation of a primary coronary
insufficiency in which the constriction or occlusion of coronary vessels resulits in a
reduction of circulation and thus the supply of energy-delivering substrates and

oxygen to the cardiac muscle.

"Myocardial infarction” means the necrosis of a localized region of the cardiac
muscle which mostly occurs acutely as a complication in chronic coronary heart
disease. The cause of myocardial infarction is a continuing critical circulation
deficiency in coronary insufficiency and extended coronary spasms, especially in
the region of a pre-existing eccentric coronary stenosis. A myocardial infarction is
often manifested upon physical or psychic stress as a consequence of an increased

oxygen demand of the cardiac muscle or upcn an acute interruption of the blood

supply.
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proteins. Clinically, tubular proteinuria is of importance, in particular, when
associated with other defects of the proximal tubule. Tubular proteinurias occur,
inter alia, in diseases such as hereditary tubulopathy, renal-tubular azidosis,
interstitial nephritis induced by bacteria or medicaments, acute renal failure, heavy
metal poisoning, Bence-Jones nephropathy and in the postsurgical phase of kidney
transplantation. Mixed glomerulo-tubular proteinuria is often based on primary

glomerular diseases with pronounced secondary interstitial changes.

Therefore, in a preferred embodiment of the invention, the renal diseases involving
proteinuria are, in particular, minimal-change nephropathy, other glomerulc-
pathies, kidney amyloidosis, hereditary tubulopathy, renal-tubular azidosis,
interstitial nephritis induced by bacteria or medicaments, acute renal failure,

Bence-Jones nephropathy and the postsurgical phase of kidney transplantation.

In the context of the present invention, "diabetes mellitus" means various forms of
glycose metabolic disorders with different eticlogies and symptoms. A common
characteristic is a relative or absolute insulin deficiency. Diabetes mellitus diseases
are characterized by a permanent increase of blood glucose level (hyperglycemia)

or by a mistimed utilization of supplied glucose. Diabetes mellitus is subdivided
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also referred to as di abetic gl onerul oscl erosis, means damage to the

gl oner ul &enesgnep and in front of the retina with vitreous hemorrhage due to retinal
ischemia from vascular occlusion. Proliferative retinopathy may result in traction

retinal detachment, neovascular glaucoma and blindness.

In the context of the present invention, "diabetic nephropathy", which is also
referred to as diabetic glomeruloscierosis, means damage to the glomerular kidney
capillaries. Clinically, diabetic nephropathy is manifested by proteinuria, hyperten-
sion, edemas, a diffuse widening of the basal membrane, mesangial hypertrophy
and later nodular swellings in the loops of the glomerulus with constriction of the
vascular lumen as well as fibrinoid depositions in the capillary wall and microaneu-

rysms.

In the context of the present invention, "diabetic neuropathy" means a disease of
the peripheral nerves. In particular, it means symmetric distal sensomotoric
polyneuropathy and autonomous neuropathy. Peripheral neuropathy is typically
manifested in the lower extremities, beginning with the feet, and proceeds towards
proximal and not infrequently also affects the arms. The symptoms vary signifi-
cantly, and complaints such as pain, numbness and paresthesia often result in

exacerbation.
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creased cholesterol level in the blood, wherein the hypercholesteroiemia may occur

primarily or secondarily as a conseguence of diabetes. Hypercholesterolemia is a
risk factor of atheroscierosis. According to the invention, "cardiovascular complica-
tions associated with hypercholesterolemia” means cardiovascular and vascular
diseases, especially peripheral occlusive disease, coronary heart disease, myocar-

dial infarction and stroke, which occur as a consequence of hypercholesterclemia.

In the context of the present invention, a "protein kinase C" or "PKC" means a
family of proteins which plays an essential role in signal transmission, the PKC
proteins serving intracellutar regulatory functions by the phosphorylation of
substrates, such as enzymes, transcription factors and/or cytoskeleton proteins.
For example, activation of the PKC proteins results in an activation of further
protein kinases including mitogen-activated protein kinase (MAPK), which are thus
substrates of the PKC proteins. Protein kinase C proteins are the main phorbol
ester receptors. The protein kinase C family of proteins comprises at least twelve
isoforms in mammal cells which are subdivided into three different subfamilies.
The so-called conventional protein kinase C isoforms (cPKC) comprise the isoforms
PKC-o, PKC-BI and its splice variant BII as well as PKC-gamma. The so-called novel
protein kinase isoforms (nPKC) comprise the isoforms PKC-delta, PKC-epsilon,

PKC-eta and PKC-theta. The so-called atypical protein kinase C isoforms {aPKC)
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edge, while the PKC BII isoform is enriched in the actin-rich microfilaments of the
cytoskeleton. The substrate specificity of the PKC isoforms is mediated at least

partially by the subceliular distribution of the activated protein kinase C isozymes.

L}

"Protein kinase C-a" means a protein which is activated by calcium ions and
diacylglycerol, the activated protein kinase C-« becoming enriched, in particular, in
the endoplasmic reticulum and at the cellular edge. The amino acid sequence of
PKC-a and the nucleic acid sequence coding for PKC-a are described in Coussens et
al., Sciences, 233 (1986), 859-866. The PKC-a protein has a similar domain
structure as the remaining ¢PKC proteins. The protein comprises a pseudosub-
strate domain, a cysteine-rich region, a calcium-binding domain and a catalytic
domain. PKC-a can be activated by diacylgiycerol, phorbol ester, phosphatidylser-

ine and calcium.

In the context of the present invention, "agents which reduce or inhibit the
expression of protein kinase C-a" means those agents which completely prevent or

at least reduce the synthesis of a functional PKC-a protein under both in-vitro and

in-vivo conditions, said reduction or inhibition concerning the transcription of the
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activity of the protein kinase. The interaction may aiso lead, for example, to a
specific degradation of PKC-a. However, agents which reduce or inhibit the activity
of protein kinase C-a may also be those which modify or eliminate or bind to
specific substrates, target structures or target molecules of PKC-a in such a way
that the biological activity of PKC-a is reduced or completely suppressed. Agents
which reduce or inhibit the activity of protein kinase C-a may also be those which
prevent the translocation of PKC-a into the endoplasmic reticulum or to the edge of
the cell after activation, for example, activation by phorbol treatment, so that
PKC-a cannot interact with its specific substrates, target structures or target

molecules.

In a particularly preferred embodiment of the invention, the agents employed

according to the invention are agents which specifically reduce or inhibit the



in-vitro and in-vivo conditions. The conplete or partial inactivation of the
PKC-a protein nay be effected, for exanple, by a direct interaction of the
agent em ployed with the PKC-a protein. The direct interaction between the
agent and PKC-a protein can be effected, for exanple, by coval ent or
non-coval ent binding. The interaction between the agent and PKC-a protein
may al so cause, for exanple, chem cal-ghanges in the protein kinase, which
results in a loss of the biological activity of the protein kinase. The
interaction may also lead, for exanple, to a specific degradation of PKC a.
However , eagesrssombingdfor adiviy of PKGHi, it ndighactipression ahdpooadivitvkonaiber C- a
may al so ?@1 hfse \M}l ch m)dilfy 'g‘é elimnate or bind to specific substrates,
t ar get st Oéfgn%rc){ggaa}p olecites of PKC-a in such a way that the

bi ol ogi cal activity of PKC-a is reduced or conpletely suppressed. Agents

whi ch reduce gor inhibit, the _activitg of protein kinase C-a may al sg be those
whi ch  pASERIRING W tPENEVEREP N 0N S aVhifo SeeE eRltio pRAYTR O r BNt or

to the edgpréfsiod thdyel |l acdfvitg oRGKCLAL bAN selQite@XPO Bhe afbupatdMistNg of
phorbol treatnment, so that KC-a cannot interact with its specific

subst r at &siclaigpgisls whichdedres opinhibitgbe exppreden o§ the pretepakinasalGel gene,
preferred enbodi nent .of the invention, the agents. enployed _accaordi to the
Pivent | o eyt b i rer R hote G RRE R rp B Ve siBrs psiohcke
expr essi avhiamdhhibiaot i neiduye othePEGa{essiobutf mobdtdimeiexqy €58 anbstathces vaathvi ty
of other, PKC isoforng, for exanple, PKC- (3. According to the inventiqn, the
agent s wTGREs{s FRTBHCPYOP B BEPTBI KISB1 &t e 8RPIoGS SF GHOGR GRoSe LT i ¢y,
of PKC‘aa%{i@itz?ebﬁétir@ﬁibftb%ﬁ BRotEIOMBasO RS HckiD@yof  nucleic acids which
reduce or inhibit the expression of the protein kinase C-a gene, vectors

contai ning said nucleic acid, host cells containing said vectors, substances
whi ch i nhy bt e : ~EX I f ! I =
whi ch 1o B RS e o SR e R e e o By SRR A R
protei n Khaggeug-cansetingwfty, and inhibitors of protein kinase C-a activity.
According to the invention, the nucleic acid enployed is preferably sel ected
from the group consisting of

a) a nucleic acid coding for human protein kinase C-a, or a fragment thereof;

b) a nucleic acid which is complementary to the nucleic acid according to a), or a

fragment thereof;

¢) a nucleic acid which is obtainable by substitution, addition, inversion and/or
deletion of one or more bases of a nucleic acid according to a) or b), or a fragment

thereof; and

d) a nucleic acid which has more than 80% homology with a nucleic acid according

to a) through c), or a fragment thereof.

In the context of the present invention, a "nucleic acid coding for protein kinase

C-a, or a fragment thereof" means a nucleic acid which codes for a PKC-a protein
or a fragment thereof which comprises the functional domains, especially the
pseudosubstrate domain, the cysteine-rich region, the calcium-binding domain and
a catalytic domain of native protein kinase C-a. In a preferred embodiment of the
invention, the nucleic acid used according to the invention codes for human PKC-

alpha or parts thereof.



a) a nucleic acid coding for human protein kinase C-a, or a fragment
thereof; b) a nucleic acid which is conplenentary to the nucleic acid
according to a), or a fragnent thereof; c¢) a nucleic acid which is

obt ai nabl e by substitution, addition, inversion and/or deletion of one or
nore bases of a nucleic acid according to a) or b), or a fragnent thereof;
and d) a nucleic acid which has nore thagp .80i o honology with a nucleic acid
according to a) through c), or a fragnent thereof. In the context of the
present invention, a "nucleic acid coding for protein kinase C-a, or a

f ragment Ihheepenfitexeanshaimneckienc "acmod oy ciheeosesséqueraeRYEnttywbphEIdastOr a

f ragnent r eof ich conpri the functiaqnal domains, especially the
pseudosu@i){a/galp_éef&\é\%h?t Feﬁ’éjé ﬁ%e@%@-”??fh”%@f%\! TRE E%‘T"&iq?)r?{"bi ng/domai n
and a cahgl poos, ARl Nl tBdhi WeoRbRIG" MwKIdRASE irdivn 1t &he' Slikéd ﬁ;ﬂerson

enbodi ment of the invention, the nucleic acid used according to the
i nvent i oresgi@ses the Heatae PKEIadPmIEP detyaen $wWoher @ere nuchksdc arid miskeatitas, ext

of the in I . ) j i f at |least 80%
or ef or abity a0 11 BaisHAERH B he eRRE Rt BAFRET Sh BRI "a506 o796 and
99% Thus, the term "honol ogy" which is known to the skilled person

ot cou e UT e 12 ABegr TR RLARET0 P PRI . Be B REROBL Sedlidte i

nucl ei ¢ agbdciadedn achoest fagrt. oTHehauclaleaditl onaywe iselzaediNrarmaRire seaense,
especially in a linear form The nucleic ac'hg/ may be isolated from natural
S

sour ces, TOF §xapiRirem eYighyatikdisgues PreferahbsMasp s Hgsss mirfr P eleshigs,

nore prefefra dnah tReLbY lebSpatesyntpletipsgpar ed synthetically. According to
the invention, it is provided, in particular, that the nucleic acid used as

the agent, if inserted in a vector, especially an expression vector, can

inhibit theq & rt%sme%\/éktzbhsaitgigrteroqfde@mrbapfams'r,nthﬁatrtﬁéen&nécizsti@u@@ t

[
cell in antisenSe orientation to a pronmoter. \Wen the nucleic acid enployed
accor di nggsttret dgent; ifvpseiten in @ Vaster esgedialhy anedpoession yaciosengr inhibit the

orientati Qi elqibh of N gBRe BH hEHRRCprotein kinase C-a in a host cell in antisense
orientation to a promoter. When the nucleic acid employed according to the
invention is inserted in a vector in antisense orientation, i.e., when an antisense
construct of the nucleic acid employed according to the invention is employed, the
nucleic acid will be transcribed as an antisense nucleic acid, Then, when the native
PKC-alpha gene of the cell is transcribed, the antisense transcript produced of the
nucleic acid used according to the invention can bind threugh Watson-Crick base
pairing to the mRNA transcript of the native protein kinase C-a gene which is in
sense orientation to form a duplex structure. In this way, the translation of the
mRNA of the native PKC-a gene into a polypeptide is selectively suppressed, and
the expression of the native PKC-alpha is specifically inhibited without inhibiting

the expression of other cellular PKC isoforms.

In a preferred embodiment of the invention, it is provided that the nucleic acid
used for the production of antisense constructs does not comprise the entire
sequence coding for PKC-alpha, but only fragments thereof. Such fragments
comprise at least 10 nucleotides, preferably at least 50 nucleotides, more prefera-
bly at least 200 nucleotides, wherein the nucleotide regions of the sequence coding
for PKC-alpha which are spanned by the fragments are selected in such a way that,

when the fragments are expressed in antisense orientation in a cell, specific



construct of the nucleic acid enployed according to the invention is

enpl oyed, the nucleic acid will be transcribed as an anti sense nucleic

acid. Then, when the native PKC al pha gene of the cell is transcribed, the

antisense transcript produced of the nucleic acid used according to the

i nvention can bind through Watson-Crick base pairing to the nRNA transcri pt
of the native protein kinase C-a gene whéch is in sense orientation to form
a duplex structure. In this way, the translation of the nRNA of the native

PKC-a gene into a pol ypeptide is selectively suppressed, and the expression
of the nithikisiopkd- Eiepbxpiessioperfi FRCaIDHeL i aspebiallg dhuwhah AC-alphiabioccug, bubhe

went 1 oot i BB of el PR E5tar 8 BRarll S8R GYRE BRI oduct fon' of

anti sense constructs does not conprise the entire sequence coding for
PKC- al ph but only fragnments thereof., h fragnents onprjse .at |east 10
nuol ot AesSreind P kan 9RO S 4 1€ BENideT bt HSIBRE: BrerfRFBL RS i Bhas
200 nucl e isgaablenragehdntt thersofCiscipbededriag aastpfunde SRIbenNes 608t st f or
PKC- al pha which are spanned by the fragnments are selected in such a way
that, wRBR BHRYESFRFNERIYatPE YRpIeeds M 8rRIMARE JEHARC RGI@Rraits ofiagmeat dal | |
speci ficiys iAhd bit BFesS0 - alph i n
PKC- al phéﬁsei%cdurig?érﬁuétdt%nég?&i%ﬁ;@%tl%piegna@tlp g‘% eerCPE%CQ%@o?’é?ﬁ%g%ﬁo?é%%gﬁgﬁ,
t he PKC- e&traentsofldvuss. aftekctor dengrttms heemn rivenducey into & sefy doi ézdmiphstat he
above nentione nL!f| eic aclld Ob t he sii{i %l_?.b| e ir.a nent therfeof IS inseBt ed
ina vecl'gt™ erS'hE RGP PoP P (Elast"c SR garcé%sqroﬁsréwgm nc&n €

el ement, ewbeEsRied ihhehtieglsei atieathto®anidt b ukrageently iishibitneer égttesloAnDf the
antisense orientation with respect to said expression regulatin el enent s.
Thus, af MéFVeHKG et ohile selinPisferaiiucd® vetter & éé?'?s,mf%rméﬁ'él%pp@?teé'o"

mamal cebbgegiPRRial |y a human cell, the nucleic acid or its fragment can
be expressgg In antisense orientation and thus efficiently inhibit the
expression of the native PKCal pha of the cell. Preferably, the vector is a

plasm d, 16.@s&He, HRCHRIIAE if ;E)goélsairélé%es I@%{%&Bﬁwhﬁ%ﬁc%ﬁ?@% al AY@AET on

also relates to a vector whic nprises a nucleic acid sequence coding for
PKC- al phacit saqtencarentindh&redKCualgbe ethe fragceindrdkreof under the functional

control of at least one expression regulating element, wherein the nucleic acid or
its fragment is inserted in an antisense orientation with respect to said expression
regulating element. Said expression regulating element is, in particular, a pro-

moter, a ribosome binding site, a signal sequence or a 3' transcription terminator.

Another embodiment of the invention relates to a host cell which contains an
above described vector. In particular, the host cell is a mammal cell, preferably a

human cell. In a particularly preferred form, the human cell is an aduit stem cell,

In a preferred embodiment of the invention, synthetically prepared antisense
oligonucleotides which comprise at least 10 nucleotides, preferably at least 50
nucleotides, more preferably at least 200 nucleoctides, are employed for inhibiting
the expression of PKC-alpha. Such antisense oligonucleotides can be directly
employed for inhibiting PKC-alpha expression, i.e., need not be inserted into a
vector and expressed under cellular conditions. In a particularly preferred em-
bodiment, these PKC-a-specific antisense oligonucleotides are the product 1SIS
3521 from Isis Pharmaceuticals, which is a strong selective inhibitor of protein
Kinase alpha expression. In a further particularly preferred embodiment of the
invention, the PKC-a-specific antisense oligonuclieotides employed according to the



control of at |east one expression regulating elenent, wherein the nucleic
acid or its fragnent is inserted in an antisense orientation with respect
to said expression regulating elenent. Said expression regul ating el enent
is, in particular, a pro- noter, a ribosone binding site, a signal sequence
or a 3 transcription termnator. Another enbodi nent of the invention
relates to a host cell which contains an7 above described vector. In
particular, the host cell is a mammal cell, preferably a hunman cell. In a
particularly preferred form the human cell is an adult stemcell. 1In a

pr ef er r edneabdoh et thef attieengey eligddanxysyniehities aldsgripee far disatii ieteaisel.

ol i gonucl got i de i i | east 10 nucl eotides, preferably at | east
50 nucl 5%%3??“%#@%?@@&%%%% | east 200 nucl eoti des, are enpl oyed for
inhibiting the expression of PKC-al pha. Such antisense oligonucl eotides can
be direct nmpl oyed_for inhibitjng PKC al pha expression, i,e., heed not be
Phser ted Ar0s0H8 Tt Nty Sb8 abRIETEBAPTER afaBhdEIdmsthd regters
parti cul agdritahied eiucBdnefeid adideemt thé haset (G dosRethgl SudNesB¥Secan be

ol i gonucl eot i der(siaé are the product 1SIS 3521 fromlIsis Pharmaceuticals, which

i s a stro¥Hall estpioved ndt RGeHLs JPr pihet érartment aged/aIrpReevensioss §f ovescuipra
further p i - LEent: i J i.0R. . f
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i nvent i onarat/ertdaediandscdarsenrapligibesxassodbsat witbdidiestesirhellitiy, dudiovhsciet
al., J. Surg. Pathol., 63 996 137-142. According to,.the invention, the
above menéfl d plmioﬁscaﬁﬁc&#gt%@hv%ﬁ%?s'%n?ag EPr SRS re??fﬂagﬁis or
the host gehd sssauid@dnivity IBRchBEdteFSeraa, foe ex%@dg_ﬂb! Wiy edope GRS
for, the treatnment and/or prevention of vascul ar i seases, cardiovascul ar

di seases, thesaRY- di seases i nvol vi ng proteinuria, late effects and/or
cardi ovascul ar conplications associated with diabetes nellitus, cardi ovascu-
| ar conplications associated with ertensi on, and/or cardi ovascul ar

.th hyperte NG . _
conpl i ca-Ift ﬁBﬁ@"%s%r@@?ré‘?‘é@WQ%“WEé}fcmél‘B‘é@@f%)éh‘%?r?\ﬂ?e‘é%aﬁbﬁﬁ,acﬁh\’??ﬁ"n
the scopepPlyr8@Ne kihbBes any. id _RnifdtefoPishiBRiRd ot nikediciRNthefextdiession of
invention, it is provided that an activator of protein Kinase Ca is
enpl oyed pteimkinaiseialghar Prefeitabingsaithecexpiasisi aphefbol compound, especially

12-O-tetradecanoylphorbol-13-acetate (TPA) or phorbol-12,13-dibutyrate (PDBu).
It is known that the incubation of cells with, for example, PDBu over a period of
16 h to 24 h results in a complete down regulation of PKC-alpha (Busutti et al., J.
Surg. Res., 63 (1996), 137-142). Also, it is known that treatment with a higher
TPA concentration, for example, 1.6 uM, completely inhibits PKC-alpha expression.
Therefore, according to the invention, the treatment of afflicted tissues with
phorbol esters in & concentration of preferably more than 1.6 uM over a period of
at least 15 h is provided in order to biock the expression of PKC-alpha in the

respective tissues or organs partially or completely.

In another preferred embodiment, the use of an inhibitor for inhibiting or reducing
the activity of protein kinase « is provided. In the context of the present invention,

"inhibitor" means a substance which competitively inhibits the biological activity of
protein kinase C-o, allosterically changes the spatial structure of PKC-«, or inhibits

PKC-a by substrate inhibition.

In a preferred embodiment of the invention, the inhibitor is an antibody which
specifically reacts with protein kinase C-a. "Antibody"” means polypeptides which

are essenfially coded for by an immunogiobulin gene or genes or fragments



protein kinase al pha. Preferably, said activator is a phorbol conpound,
especially 12-0Otetradecanoyl phorbol -13-acetate (TPA) or

phorbol -12, 13-di butyrate (PDBu). It is known that the incubation of cells
with, for exanple, PDBu over a period of 16 h to 24 h results in a conplete
down regul ati on of PKC-al pha (Busutti et at., J. Surg. Res., 63 (1996),
137-142). Also, it is known that treatne®t- with a higher TPA concentration,
for exanple, 1.6 pM conpletely inhibits PKC al pha expression. Therefore,
according to the invention, the treatnment of afflicted tissues with phorbol
est er s i thereobreoenwhithi ere ebletefseralicyhnbired Bhdnretognighl avematytpet.egdamf

at | east ar"régé‘n! %p@que{aiﬂgdoﬁ Ehe%&%o&f;@bf{}%‘-‘am%ﬁéRﬁ%%ﬁ{;%icl%ﬁ a@%‘tﬁ'o??ﬁ‘e' :
the respective tissues”or organs partial 'y or conplétely” Tn another

pr ef er r ethterboticoedihg theheidevaitian thehabtibodiet argaimdti thd pagtedn Wireahec Chg
the activity of protein kinase a is provided. In the context of the present
i nvent i oMay SenBiNBlevd afdaFRCIdNYTHEPEREE IMRhidhaT npembarvel {raprmmBs tot he

bi ol ogi c Vi I i ahal t " )
pat i ol e O e o R SRR Ph i 1
pr ef er r ethee i dthienventibnt #leo i neladas itonmodifeed ahtibbdies, ifer amaeamté botiygomkiich

i ficall it h in ki -a.., "Antibody" | id
whioh - apatelER:IRRlbd BoPle bR iR Bh A TR o e o The °
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an analyte, i.e., an antigen. The binding of the antibody to PKC-a inhibits
the bi ol 83 caholgc@NVIPRPY ofoTt HE NPYR tWIth Wi dis8i Ab 6Oy EtA oRethagls.

ant i bodi LS r ' ."n&facﬁﬁ o= ; (Mg}

i mrunogl g@ﬁrggg&ogh%?gﬂn%@gbdﬁ r aaﬁse%t sb%g%{o‘??d ug@(?p%@#%ﬁa%é\"?agégmet i
various pepeofasesh aFifebt E(ab')aand Hodiveyth zenuyed tadberapitdphg detenrtisants.

i nvention,alsq rel at t di fi. i i es., [for e | i

ant 1 bod 46655 e BelY Had Beicie B S e P e RN H b s SRt os.
The terantigahi Medyddafeoheopiepesasorant abodydibe agfeadraeprsehared ®ict heswdy
nodi fyi ng t he whol e anti body, or de novo with the use of reconbi nant DNA
met hods. N #MePEPEREL: the term "antibody" conprises both intact nol ecul es and
fragnents thereof, such as Fab, F(ab')2 and FV, which can bind to the

i i rm nants.
epi top Clgee;[ %rglger't@et:iI %mbodiment of the invention, the antibody employed according to

the invention for inhibiting the activity of protein kinase C-« is @ monoclional or
polyclonal antibody. According to the invention, the antibody may also be a
humanized antibody. In a particularly preferred embodiment of the invention, the

antibodies used for inhibiting the activity of protein kinase C-a are those as
described by Goodnight et al., J. Biol. Chem., 270 (1995), 9991-10001.

In a further preferred embediment of the invention, it is provided that the inhibitor
employed according to the application for inhibiting PKC-aipha changes the
phosphorylation state of protein kinase C-a and thus inhibits or at least reduces
the activity of PKC-alpha. From Tasinato et al., Biochem. J., 334 (1998), 243-249,
it is known that aipha-tocopherol can inactivate the cellular protein kinase C-alpha
by changing the phosphorylation state of PKC-alpha. Therefore, in a particularly
preferred embodiment of the invention, the use of alpha-tocopherol for inhibiting
the activity of PKC-alpha and thus for the treatment and/or prevention of vascular
diseases, cardiovascular diseases, renal diseases involving proteinuria, diabetic late
effects and/or cardiovascular complications in patients with diabetes mellitus,
cardiovascular complications in patients with hypertension and/or cardiovascular

complications in patients with hypercholesterolemia is provided.



These anti body fragnents retain the ability to bind selectively to the
corresponding antigen. Methods for the preparation of antibodies or
fragnents thereof are knowmn in the prior art. In a preferred enbodi nent of
the invention, the antibody enpl oyed according to the invention for
inhibiting the activity of protein kinase C-a is a nonoclonal or polyclonal
anti body. According to the invention, the-anti body may al so be a hunmani zed
antibody. In a particularly preferred enbodi nent of the invention, the

anti bodi es used for inhibiting the activity of protein kinase C-a are those
as descin efdriyerGuefenrgherabodiment df tBe dghverCioemthe 256 qfE98850ni9BOdf- AOOO1.

In a fur ref rred_enbodi t of t |nv nt.ion r ovi edth t he
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or at |east reduces the activity of PKC-al pha. From Tasinato et al
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patients wth diabetes mellitus, S_rg.@r di ovascul ar copplications in gatr ents
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hyper cholggterpbefdbted B aMiidstive céﬁfo'rfha%ohuéft Beﬂ‘K@fa%r% cpdcigrhedimn of
the invention, the use of antagonists of PKC- al pha for the treatnent and/or

prévent i dhied thedcsiractude epddberefors Bronent tie activalioeabihe syuksirtediysRiéEes

i nvol vi ng, Iﬂrot einuria, diabetic late effects and/or cardi o- vascul ar

conpl i catl ons in patients with diabetes mellitus, cardiovascular conplica-
tions in patients with hypertension and/or cardi ovascul ar conplications in

patients I Vi N -th
pr esent |Iﬁzge§???#§)r§'peed’ %mogﬁrﬁ;%:hgtﬁ%gdhgerggogr‘Ubéjt%gﬁgéﬂv%&gh cohgﬁaeg'%ﬁt ﬁan
PKC- al phaifdrtot thee tﬂulh:dtnagest of thePK&kad heC-sjpbai, fihut sitheut ataeisinguthevisahoeit
causing tb%oaﬁ:gja e%;efc%ce[s %Satrl\zf)gcm%par?&ﬂa after binding thereto, is employed as the

antagonist for inhibiting the PKC-alpha activity.

In the context of the present invention, "derivatives” means functional equivalents
or derivatives of protein kinase C-a which are obtained by substituting atoms or
molecular groups or residues while retaining the PKC-a basic structure, and/or
whose amino acid sequences differ from the naturally occurring sequence of

human or animal PKC-a molecules in at least one position, but which essentially

have a high degree of homology on the amino acid level. According to the inven-
tion, the term "derivative" also includes fusion proteins in which functional domains
of another protein, for example, another PKC-a inhibitor, are present in the N-

terminal or C-terminal portions.

The differences between a derivative and native PKC-a may arise, for example,
from mutations, such as deletions, substitutions, insertions, additions, base ex-
changes and/or recombinations of the nucleotide sequences coding for the PKC-a
amino acid sequences. Of course, these may also be naturally occurring sequence
variations, for example, sequences from another organism or sequences mutated

in @ natural way, or mutations which have been purposefully introduced into the



after binding to the substrate. The term "antagoni sts" al so includes
substances which are adapted to an inactive conformation of a

PKC- al pha-specific substrate due to their structure and therefore prevent
the activation of the substrate by PKC- al pha. In a preferred enbodi nent of
the invention, a derivative of PKC-al pha which can bind to the substrates
of the native PKC-al pha, but w thout capgi-ng the sane biological effect as
nati ve PKC-al pha after binding thereto, is enployed as the antagonist for

i nhi biting the PKC al pha activity. In the context of the present invention,
"deri vat coesbpomding famencenaly wwoual viadats snown idehe\at, foeexanpeptieemiddl nase
C-a which _are obtained by, substituting atons or nol ecul ar groups or

resi dues *@RNTe toéipg'lyﬁ { REEBRC- a basic structure, and/or whose amino acid
sequences differ fromthe naturally occurring sequence of human or ani nal

PKC-a nol ecul in af |east on osi tion, but which essenti al have a high
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mation and are therefore able to mimic the essential properties of the binding
region of protein kinase C-a, but without possessing the same catalytic properties

as protein kinase C-qa.

In another embodiment of the invention, it is provided that, for the treatment
and/or prevention of vascular diseases, cardiovascular diseases, renal diseases
involving proteinuria, late effects and/or cardiovascular complications in patients
with diabetes mellitus, cardiovascular complications in patients with hypertension,
and/or cardiovascular complications in patients with hypercholesterolemia, agents

are employed which reduce or inhibit not only the expression and/or activity of
protein kinase C-a (PKC-a), but at the same time the expression and/or activity of

protein kinase C-p (PKC-{). In J. Invest. Dermatol., 117 (2001), 605-611, Takaha-
shi and Kamimura describe that the immunosuppressant cyclosporine A reduces
the expression of the protein kinase C isoforms alpha, beta I and beta II at the
same time. Therefore, in a particularly preferred embodiment of the invention, the
use of cyclospoerine A for reducing the expression of PKC-alpha and PKC-beta and

thus for the treatment of the above mentioned diseases is provided.

In another preferred embodiment of the invention, it is provided that the agent

which specifically reduces or inhibits the expression and/or activity of protein



whose three-di nensional structure is highly simlar to that of protein

ki nase C-a. The anal ogues of PKC-a enpl oyed according to the invention
preferably have substrate specificity properties simlar to those of PKC a,
i.e., they can bind to the PKC al pha-specific substrates, but preferably

| ack the catalytic properties of PKC-a. Therefore, the protein kinase Ca
anal ogues enpl oyed according to the invention nmay be, for exanple,
conpounds which contain the am no acid residues responsi- ble for the

bi nding of protein kinase C-a to PKC-a substrates in a suitable confor-
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a) a nucleic acid coding for human protein kinase C-3, or a fragment thereof;

b} a nucleic acid which is complementary to the nucleic acid according to a), or a

fragment thereof;

¢) a nucleic acid which is obtainable by substitution, addition, inversion and/or
deletion of one or more bases of a nucleic acid according to a) or b), or a fragment

thereof; and

d) a nucleic acid which has more than 80% homology with a nucleic acid according

to a) through c), or a fragment thereof.

In a preferred embodiment of the invention, the nucleic acid used according to the

invention codes for human PKC-alpha or parts thereof.

The nucleic acid used according to the invention may be a DNA or RNA sequence,

especially in a linear form. The nucleic acid may be isolated from natural sources,



According to the invention, it is provided that the agent which reduces or
inhibits the expression and/or activity of protein kinase CGp is selected
fromthe group consisting of nucleic acids which reduce or inhibit the
expression of the protein kinase C-p gene, vectors containing said nucleic
acid, host cells containing said vectors, substances which inhibit or
reduce the expression of protein kinase2@-p, substances which inhibit the
transl ocation of protein kinase C-p, antagonists of protein kinase Cp
activity, and inhibitors of protein kinase C-p activity. In a preferred
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acid enp oye accordlng invention is inserted in a vector
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polypeptide is selectively suppressed, and the expression of the native PKC-B is

specifically inhibited without inhibiting the expression of other cellular PKC iso-

forms.

In a preferred embodiment of the invention, it is provided that the nucieic acid
used for the production of antisense constructs does not comprise the entire
sequence coding for PKC-j, but oniy fragments thereof. Such fragments comprise
at least 10 nucleotides, preferably at least 50 nucleotides, more preferably at least
200 nucleotides, wherein the nucleotide regions of the sequence coding for PKC-B
which are spanned by the fragments are selected in such a way that, when the
fragments are expressed in antisense orientation in a cell, specific inhibition of the
expression of PKC-B, especially human PKC-B, occurs, but not inhibition of other

PKC isoforms.

According to the invention, it is provided that the above mentioned nucleic acid or
the suitable fragment thereof is inserted in a vector under the control of at least
one expression regulating element, wherein the nucleic acid or its fragment is
inserted in an antisense orientation with respect to said expression regulating
elements. Thus, after the vector has been introduced into a cell, for example, a

mammal cell, especially a human cell, the nucleic acid or its fragment can be



nucleic acid wll be transcribed as an anti sense nucleic acid. Then, when
the native PKC-p gene of the cell is transcribed, the antisense transcript
produced of the nucleic acid used according to the invention can bind to
the mMRNA transcript of the native protein kinase C-p gene which is in sense
orientation to forma duplex structure. In this way, the translation of the
MRNA of the native PKC-p gene into a poRypeptide is selectively suppressed,
and the expression of the native PKC-p is specifically inhibited without

i nhibiting the expression of other cellular PKC iso- fornms. In a preferred
enbodi memikpodssekieini aviéserisemriaritatisn @navihdedefiitiantly fehibitahei expression usetef or

Seauence EONET o OERER (BRRRY” ks §RERY I prPERIC GolE, Paskiptooe

conpri segratrjseast 10 nucl eoti des, preferably at |east 50 nucl eotides, nore
preferably at |east 200 nucleoti des, wherein the nucl eotide regions of t he
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orientation and thus efficiently inhibit the expressmn of the native
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bacteri ophage or virus. Therefore, the present invention also relates to a
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In a preferred embodiment of the invention, synthetically prepared antisense
oligonucleotides which comprise at least 10 nucleotides, preferably at least 50
nucleotides, more preferably at least 200 nucleotides, are employed for inhibiting
the expression of PKC-B. Such antisense oligonucieotides can be directly employed

for inhibiting PKC-B expression, i.e., need not be inserted into a vector and

expressed under cellular conditions.

In another preferred embodiment of the invention, it is provided that an antibody
which specifically reacts with protein kinase C- or a suitable fragment thereof is
employed for inhibiting the activity of protein kinase C-B. According to the inven-
tion, the antibody may be a monocional or polyclonal antibody. The antibody

employed according to the invention may also be a humanized antibody.

In a further preferred embodiment of the invention, it is provided that a substance
which changes the phosphorylation state of protein kinase C-8 is employed for

inhibiting the activity of protein kinase C-p.

In another preferred embodiment of the invention, it is provided that a derivative
or analogue of protein kinase C-§ which acts as an antagonist of PKC-§8 is employed



fragment is inserted in an antisense orientation wth respect to said
expression regulating elenent. Said expression regulating elenent is, in
particular, a pro- noter, a ribosone binding site, a signal sequence or a 3
transcription term nator. Another enbodi nent of the invention relates to a
host cell which contains an above described vector. In particular, the host

cell is a manmal cell, preferably a hu2dn- cell. In a particularly preferred
form the human cell is an adult stemcell. 1In a preferred enbodi nent of
the invention, synthetically prepared antisense oligonucleotides which
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deri vati énasy Capal ogue of protein kinase C-p which acts as an antagoni st of
PKC- (3 is enployed - 24 for inhibiting the activity of protein kinase Cp.
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5,491, 242, US 5,661,173, US 5,481,003, US 5,668,152, US 5,672,618, WO
95/ 17182, anupopspi3yeationnd \IOro2dryaheagnplseped, myocardial infarction, peripheral
occlusive disease, stroke, renal diseases involving proteinuria, diabetic late effects
and/or cardiovascular complications in patients with diabetes mellitus, cardicvascu-
lar complications in patients with hypertension, and cardiovascular complications in
patients with hypercholesterolemia. According to the invention, the cardiovascuiar
complications are preferably coronary heart disease, myocardial infarction,
peripheral occlusive disease and stroke. The diabetic late effects are, in particular,

diabetic retinopathy, diabetic neuropathy and diabetic nephropathy.

In the context of the present invention, a "pharmaceutical composition" or a
"medicament” means a mixture used for diagnostic, therapeutic and/or prophylac-
tic purposes, i.e., a mixture which promotes or restores the health of a human or
animal body, which comprises at least one natural or syntheticaily prepared active
ingredient which causes the therapeutic effect. The pharmaceutical composition
may be both a solid and a liquid mixture. For example, a pharmaceutical composi-
tion comprising the active ingredient may contain one or more pharmaceutically
acceptable components. In addition, the pharmaceutical composition may com-
prise additives usually employed in the art, for example, stabilizers, production
agents, separating agents, disintegrants, emulsifiers or other materials usually

employed for the preparation of pharmaceutical compositions.



for specifically inhibiting and reducing the expression and/or activity of
protein kinase C-p. Another preferred enbodi nent of the invention rel ates
to the use of agents which specifically reduce or inhibit the expression
and/or activity of protein kinase C a (PKC-a) for the preparation of a
pharmaceutical conposition for the treatnent and/ or prevention of coronary
heart di sease, nyocardial infarction, pé&bdipheral occlusive disease, stroke,
renal diseases involving proteinuria, diabetic late effects and/or
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In a preferred embodiment of the invention, it is provided that the pharmaceutical
composition is used for parenteral, especially intravenous, intramuscular, in-
tracutaneous or subcutaneous administration. Preferably, the medicament contain-
ing the agents employed according to the invention is in the form of an injection or

infusion.

In another embodiment of the invention, it is provided that the pharmaceutical
composition containing the agents empioyed according to the invention is adminis-
tered orally. For example, the medicament is administered in a liquid dosage form,
such as a solution, suspension or emuilsion, or in a solid dosage form, such as a
tablet.

Therefore, the present invention also relates to pharmaceutical compositions for
the prevention and/or treatment of coronary heart disease, myocardial infarction,
peripheral occlusive disease, stroke, renal diseases involving proteinuria, diabetic
late effects and/or cardiovascular complications in patients with diabetes mellitus,

cardiovascular complications in patients with hypertension, and cardiovascular



are selected fromthe group consisting of nucleic acids which reduce or
inhibit the expression of the protein kinase C-a gene, vectors containing
said nucleic acid, host cells containing said vectors, substances which
inhibit or reduce the expres- sion of protein kinase C-a, substances which
inhibit the translocation of protein Kkinase C-a, antagonists of protein

ki nase C-a activity, and inhibitors of -pbotein kinase C-a activity. Mre
preferably, the agents enpl oyed for the preparation of the pharmaceutical
conposition according to the invention are antisense oligonucl eotides of the
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protein kinase C-a.

In another preferred embodiment of the invention, the pharmaceutical compaosition
according to the invention contains at least one further active ingredient. In
particular, said further active ingredient is an agent which specifically reduces or
inhibits the expression and/or activity of protein kinase C-f.

Preferably, the agent which specifically reduces or inhibits the expression and/or
activity of protein kinase C-§ is selected from the group consisting of nucleic acids
which reduce or inhibit the expression of the protein kinase C-B gene, vectors
containing said nucleic acid, host cells containing said vectors, substances which
inhibit or reduce the expression of protein kinase C-B, substances which inhibit the
translocation of protein kinase C-3, antagonists of protein kinase C-§ activity, and

inhibitors of protein kinase C-§ activity.

Further advantageous embodiments of the invention can be seen from the

dependent claims.



tion are selected fromthe group consisting of nucleic acids which reduce or
inhibit the expression of the protein kinase C-a gene, vectors containing
said nucleic acid, host cells containing said vectors, substances which
inhibit or reduce the expres- sion of protein kinase C-a, substances which
inhibit the translocation of protein kinase C-a, antagonists of protein
kinase C-a activity, and inhibitors of-Bfotein kinase C-a activity. Mre
preferably, the pharnaceutical conposition according to the invention
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ki nase 3 activity. urt a vantag ous enbodi nents of the invention can
be seen fcpomash,ethejepehdrehforcdinabﬁsc SV1ZP mite id ageifidaohlyi ighar {her 0,004).
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the al bumin excretron in the urin K out
di abet es thel diabutic ad1 2@ trhimat ([@i<abadGEs). Mgd trtansvécscenbaoha]d:aatbssmé%mlea
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Figure 2 shows the glomerular VEGF expression in PKC-alpha "knock out" mice
with diabetes mellitus and without diabetes mellitus (contro!) and SV129 mice with
diabetes and without diabetes (control}. For each animal group, 40 glomeruli were
evaluated semiquantitatively by means of immunohistochemical methods, and the
values were divided into weak, medium and strong immunofiuorescence., The
significance was calculated by means of the Mann-Whitney U test, In diabetic
animals, the VEGF expression is significantly higher as compared to controi

animals (p < 0.001). However, the VEGF expression in diabetic SV129 animals is
significantly higher as compared to diabetic PKC-alpha™ animals (p < 0.001).

Figure 3 shows the glomerular VEGF receptor II expression in PKC-alpha "knock
out" mice with diabetes mellitus and without diabetes mellitus {contro!) and SV129
mice with diabetes and without diabetes (control}. For each anima! group, 40
glomeruli were evaluated semiguantitatively by means of immunohistochemicat
methods, and the values were divided into weak, medium and strong immunofluo-
rescence. The significance was calculated by means of the Mann-Whitney U test. In
diabetic animals, the VEGFR-II expression is significantly higher as compared to
control animals (p < 0.001). However, the VEGFR II expression in diabetic SV129

animals is significantly higher as compared to diabetic PKC-alpha” animals (p <
0.001).



based on the creatinin concentration. The non-di abetic SV129 and PKC-a i -

m ce have a conparable albumn/creatinin quotient which is usually below 10
g/nmol. In contrast, the quotient for diabetic SV129 mice is significantly
hi gher (p = 0,004). The values for the diabetic PKC-a i- mce are
significantly | ower than the values for_ _the diabetic SV129 mce (p <_
0.001). The transverse bar indicates théSmedi an val ue. The significance was
cal cul ated by neans of the Mann-Witney U test Figure 2 shows the

gl orrerul VE xpressi gn _in PKC-al pha "knock out ce. W th diabetes
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the VEGF e ession in 5V129 animal s, s nifica r,.as
conpar ed TS e IRFh oY Meinmes T YednoBlthey Figthes 31 RBREY Ehe
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di abetes mellitus and without di abetes mellitus (cont rol) and 5V129 m ce

with di aldtled? epnfral MBS &P ab@¥)(control ). For each animal group, 40

gl onmeruli were evaluated sem quantitatively by neans of imunohi stochem cal
nmet hods, and the values were divided into weak, nedium and strong

i munof | fxam@dednce. The significance was cal cul ated by neans of the
Mapn-Whitney U test. In diabetic animals, the VEGFR-11 expression is
significantly h| gher_ as corrpared to control animals (p < 0.001). However,

t he VEGFRAPETES gt ABeR i c SV129 animals is significantly hi gher
as conpared to di abetl ¢ PKC al pha-'- animals (p ¢ 0.001). - 28 Figure 4
shows the glonerul ar perlecan expression in PKC al pha "knock out”" mce wth
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gl onerul i "were eva sem q y by rreans of ohi' s hem cal
met hods, aarichat beotection authorities of Lower Saxony.

Before the start of the experiment, the blood sugar level from serum was deter-
mined for all animals. The results are shown in Table 1. In 16 SV129 contro! mice
and 14 SV129 protein kinase C-alpha knock-out (PKC-a™")} mice, diabetes was
induced by the injection of streptozotozin. Streptozotozin results in destruction of
the insulin-producing islet cells in the pancreas. The resulting insulin deficiency
causes permanently increased blood sugar levels, i.e., hyperglycemia, and thus
diabetes mellitus. To produce the hyperglycemia, the animals were administered
125 mg each of streptozotozin per kg of body weight intraperitoneally on days 1
and 4. For such purposes, the streptozotozin was dissolved in a 50 mM Na citrate
solution with a pH value of 4.5. For control, seven SV129 and six PKC-a™ mice
were administered only the solvent intraperitoneally on days 1 and 4. Subse-
quently, a drop of blood was taken from the tail of the mice every two days in
order to check the blood sugar level. The blood sugar measurement was performed
by means of the Bayer Glucometer Elite® measuring device. Glucometer Elite

Sensor® test strips were used for the determination.



val ues were divided into weak, nedium and strong inmunofl uorescence. The
significance was cal cul ated by neans of the Mann-Wiitney U test. In diabetic
SV129 aninals, the perlecan expression is significantly |lower as conpared to
SV129 control animals (p < 0.001). Exanple 1 Experinental diabetes induction
Wth mce which were kept under standardi zed conditions at 22 Cwth free
access to feed and water, the foll owing®experiments were performed after
approval by the animal protection authorities of Lower Saxony. Before the
start of the ex rlneB8 t. he bl ood sugar | evel %n1serun1 s deter- mned
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after thefig S‘Iee'd'lﬁ.e§hb@8quérﬁt$y,aﬂhé’rﬂi|§neys were perfused with a Ringer lactate
solution through the ventral aorta, and the kidneys were removed. Immediately
thereafter, the animals were killed while under anesthesia. Subsequently, the
blood sugar levels were determined from the serum. The blood sugar leveis can be
found in Table 1. As can be seen, the diabetic animals have about 2.5 to 3 times
higher glucose levels than they had at the beginning of the experiment and also as

compared with the non-diabetic control animals.
Table 1

Serum glucose in diabetic and non-diabetic mice before the beginning and at the

end of the experiment

Serum glucose before the beginning | Serum glucose at the end
of the experiment (mg/dl) of the experiment {mg/dl)
SV129 control {n = 7) 205 +/- 40 223 +/- 43
SV129 diabetic (n = 16) 1192 +/- 36 505 +/- 80*
PKC-o™" control (n = 6) 223 +/- 27 197 +/- 21
PKC-«~ diabetic (n = 14) {225 +/- 31 589 +/- 98%*

* p <0.001 as compared to non-diabetic control animals



wer e observed for further 8 weeks. During this tinme, the bl ood sugar was
checked every two weeks to ensure that the diabetic animals were stil

di abetic. During this period, the sugar |evels varied on average around
500-550 ng/dl for the diabetic animals and around 200 ng/dl for the

non-di abetic animals. After 8 weeks, the animals were anesthetized wth the
narcotic avertin. Under anesthesia, 408pl of bl ood was subsequently taken
fromthe venous plexus of the eye, and the whol e bl adder urine was taken
fromthe bladder by a puncture with a 27 G needle. Subsequently, the

ki dneys ®xampke used with a Ringer lactate solution through the ventral
aorta, and the kidneys were renoved. |Imediately thereafter, the aninals
were killed while under anesthesia. Subsequently, the blood sugar |evels
wer e det Betémehatiopnoft dibusén goncditeatidrood sugar | evel s can be found in.
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determination was effected in accordance with the manufacturer's instructions. To
be able to account for variations in the urine excretion, the albumin values
determined were based on the creatinin level in the urine. The results are shown in
Figure 1. It was found that the non-diabetic SV129 and PKC-a™/~ mice have a
comparable albumin/creatinin quotient which is usually below 10 g/mol. In
contrast, the quotient for diabetic $V129 mice is significantly higher (p = 0,004).
The median value is 21.5 g/mol vs. 7.48 g/mol for non-diabetic SV129 control
animals. In comparison, there is no significant increase of albuminuria in diabetic
PKC-o/~ mice. The albumin/creatinin quotient is always below 20 g/mol, and the
median is at 10.2 g/mol. The median for the non-diabetic PKC-a™~ contro! mice is
at 8.5 g/mol. The values for the diabetic PKC-a”~ mice is significantly lower than
the values for the diabetic $V129 mice (p < 0.001). The results are shown in Figure
1.

Example 3

Determination of VEGF and VEGF Receptor 11 Expression

As set forth above in Example 1, all the animals were killed when the experiment
was over. Immediately thereafter, the kidneys were removed and frozen at -70 °C.
A further analysis of the removed kidneys showed a significant increase of the
expression of the "vascular endothelial growth factor”" (VEGF) and VEGF receptor 11

(VEGFR-II) in the renal corpuscles (glomeruli} of the diabetic control animals. The



di abetes and w thout diabetes (control) was determ ned. For this purpose,
the albumn concentration was determned in the collected urine. To
determ ne the album n concentration, an indirect ELISA assay (A buwell Mr)
of Exocell Inc., Philadel phia, USA) was used. This ELI SA assay is specific
for nmurine albumn. The determi nation was effected in accordance with the
manuf acturer's instructions. To be ablejt.o account for variations in the
urine excretion, the album n values determ ned were based on the creatinin
| evel in the urine. The results are showmn in Figure 1. It was found that
t he non- detdatidrcoSVEEF amatl VIEKERATT expriesslohaNas affecmpav adnheunomstochemical
al bum n/ cr eat i ni uot bF t. .Whi c IS usuaz w 10 trast
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expression was found as compared to non-diabetic control animals. In comparison,

6) .

the increase of the expression was significantly less pronounced in diabetic SV129
and PKC-a™~ mice (p < 0.001). The results are shown in Figures 2 and 3,

Example 4

Determination of perlecan expression

Since the established difference in VEGF expression alone could not account for the
difference in albuminuria, the expression of the heparan sulfate proteoglycan
perlecan in the kidneys of diabetic and non-diabetic animals was examined by
means of immunohistochemical methods. Cryo-slices of the kidneys were
prepared and embedded as described in Example 3. A monoclonal rat antibody
directed against murine perfecan (RDI Systems, A7L6) was used as the primary
antibody. A Cy3-labeled donkey anti-rat antibody (Jackson Immunresearch
Laboratories, 712-165-153) was used as the secondary antibody. The immuno-
histochemical examination of the slices gave the completely surprising result
that perlecan was no longer or hardly any longer detectable in diabetic control
animals {cf. Figure 4). Thus, perlecan could be detected neither in the glomeru-

lus nor in the vascular wall of arterioles. In contrast, the expression of perlecan



noi st chanber with a primary polyclonal "rabbit" antibody agai nst nurine
VEG-F (Santa Cruz, A-20) or VEGFR- 1l (Santa Cruz, C-1158). After washing
anew with TBS, the slices were incubated with a Cy3-1abel ed secondary
"anti-rabbit" antibody (Jackson |Inmunresearch Laboratories, 711-165-152)
for 30 mnutes at room tenperature and again washed with TBS. Subsequently,
the preparations were evaluated and phd2ographed t hrough a Zei ss Axi opl an-2
m croscope (Zeiss, Jena, Germany). In all aninmals, 40 renal corpuscles each
were evaluated, and the fluorescence intensity was d|V|dep into strong,

nedlun1adﬂa%w%ﬂéhaﬂﬁeélabéﬁﬂcﬂﬂﬁN@QQEQHﬁﬁﬁﬁﬂ Si2PaPEd BKGigghi ficgan®NFAdhease
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non- di abet ¢ control ani ma n-conpari son, he i ncrease of thé expression
was si gnimeaturdfl prdtessiriar, ondsnrt@edelqbnindmeﬁlmaS\th@ resuttd cBKCaecduntnfioe ethgp <
0.001). The result are shown in Figures 2 and 3. Exanple 4 Determ nation of
perl ecan 58 Af HPENHUE 3 he establ i shed difference in VEGF expression
al one could not account for the difference in albumnuria, the expression
of the heparan sulfate proteoglycan perlecan in the kidneys of diabetic and
non-di abeti c ani mal s was exam ned by neans of inmunohi stochem cal nethods.
Cryo-slices of the kidneys were prepared and enbedded as described in
Exanpl e 3. A nonoclonal rat antibody directed against nurine perlecan (RD
Systens, A7L6) was used as the primary antibody. A Cy3-|abel ed donkey
anti-rat antibody (Jackson I mmunresearch Laboratories, 712-165-153) was
used as the secondary anti body. The i nmuno- histochem cal exam nation of the
slices gave the conpletely surprising result that perlecan was no | onger or
hardly any | onger detectable in diabetic control animals (cf. Figure 4).
Thus, perlecan could be detected neither in the glonmeru- lus nor in the
vascul ar wall of arterioles. In contrast, the expression of perlecan - 32
was unchanged or but slightly reduced in SV129 and PKC-a i- mice. Since the
| ack of heparan sulfate is considered one of the main nediators in the
devel op- nment of proteinuria, it is to be considered that this result can
account for the



absence of albumnuria. 33 CC AIMS: 1. Use of inhibitors of the activity of
protein Idnase Ca (PKC-a) for the preparation of a pharnmaceutical conposi -
tion for the treatnment and/or prevention of vascul ar di seases,

cardi ovascul ar di seases, coronary heart disease, diseases with reduced
heart output, nyo- cardial infarction, peripheral occlusive disease, stroke,
renal diseases Involv- ing protel nuria,33diabetic retinopathy, diabetic

neur opat hy and di abeti ¢ neph- ropathy, cardiovascul ar conplications in
patients with hypertension and/ or cardi ovascul ar conplications in patients
wi th hyperchol esterolema. 2. The use according to claim1, wherein said
renal di seases |Involving protein- uri@.l.é’.bﬂ&.i: enchymal ki dney di seases, said
proteinuria is glonerular pro- telnuria, tubular protelnuria or m xed

gl ornerul o-tubul ar protelnurla, said re- nal.diseases are m ni mal - change
nephr opat hy, bt heusglﬂﬁrmnbibpml?ﬁest dtied- ney anyl ol dosi s, her eddtivity yof

t ubul opat hy, rena Z rs ne hr|t|s ln ed Dby
bacteria or nedi céﬁ%ﬁﬁéﬁn%&g%?ﬂ%ﬁ fqr(% aFeéoa%@Hcog 6 or
ki dney transpl ant tén ﬁrrthetmibﬁentsaaquxaévhmgnto@vséo’ﬂdai‘IdiseaBéH Qardihvawmﬂrel n

sai d agents are selected fromthe grou onsi st i f nucleic acjids which
reduce or i nhi bi tg{sﬁ%seéxmrﬁ'f'%‘yé'leaff- Ee‘(i WFP’ ﬁﬁ%‘-’é freast gEREL MWt or s

contai ni ng sai d_ niggRh hidden, ﬂ%heﬁﬁbécﬁs?ﬁrﬂiﬁéa%”&rﬁ@ F'edé‘FGEQEs%s iNeRSE ances

which inhibit or reduce the expression rotein ki nase G a, substances
whi ch inhibit theingregIBgR; dlﬁbetl@req@mmbwndmbm@em@aﬂmnnagabeac sepit-

protein kinase C Y n

activity. , 34 4%@5*1568}5*1%%&@&8 ng Pﬁcayéﬁ{ﬁnﬁ;%ﬂmﬁhetﬂ@ sal P-Enaﬁg %ic
aci;d can inhibit tédicagmuissomplioitionhin patientowith hypercholesteraterslanase C-a In a
host cell In anti- sense orientation to a pronoter.

2.  The use according to claim 1, wherein said renal diseases involving protein-
uria are parenchymal kidney diseases, sald proteinuria is glomerular pro-
teinuria, tubutar proteinuria or mixed glomerulo-tubular proteinuria, sald re-
nal diseases are minimal-change nephropémy, other glomerulopathies, kid-
ney amyloidosis, hereditary tubulopathy, renal-tubular azidosis, interstitial
nephritis induced by bacteria or medicaments, acute renal failure, Bence-
Jones nephropathy or kidney transplantatibn.

3. The use according to claim 1 and/or 2, wherein said agents are selected
from the group consisting of nucleic acids which reduce or inhibit the ex-
{ pression of tha protein kinase C-a gene, vectors containing said nuclelc acid,
| host cells containing sald vectors, substances which inhibit or raduce the
expression of protein kinase C-a, substances which inhibit the transfocation
of protein kinase C-a, antagonists of protein kinase C-a activity, and Inhibi-

tors of protein kinase C-a activity.



5. The use according to claim1l to 4, wherein said agents are antisense

ol i gonucl eoti des of the gene coding for protein kinase C-a, derivatives of
protein ki nase C-a, or anal ogues of protein kinase C-a. 6. The, use
according to claim3 and/or 4, wherein said nucleic add is selected from
the group consisting of a) a nucleic add coding for human protein kinase
C-a, or a fragnent thereof; b) a nucleic add which is conplenentary to the
nucleic acid according to a), or a fragmept thereof; c) a nucleic acid
which i s obtainable by substitution, addition, inversion and/or deletion of
one or nore bases of a nucleic add according to a) or b), or a fragnment
thereof; and d) a nucleic acid which has nore than 80% honol ogy with a
nucleic acid according to a) through c¢), or a fragnent thereof. 7. The use

according to c.ai M udbefcebringtts! cfaira09E Whein 1BH RUEkER ScidTafl inABPEHeSES
at | east 10 nucleotides, preferably at |east 50 nucl eotides, nore
preferably at | eastXPpersion el the genesof mimam pratels ioase Branin achoahypelbin amthi ns 3

to 7, wherein sai ds\ﬁlggloﬁhﬁtaﬁgﬁﬁﬁg?or%@r. or RNA. 9. The use according to any

of claims 3 to 8, erein sard nucleic acid or fragnent thereof is Inserted
in a vector under the control of at |east one ex- pression regulating

The: use- accoad ng- Lo tha foritd tharuin s d: S P ety are andipore

The- use- accoadi ng- -t o- daar n--9,- wher el n-sal n-p
bact eri ophage or voligasucledtidesinf thecgenecardifign fprt proteini kindeol-o] Wervbtivesi of sai d

expressi on regul at} i [ [ ibosanme binding site, a
si gnal sequence orbrg&ém%nt%gg s%r"ﬁ'&ﬁﬁgﬁaég;éfﬂfﬂﬁbpf‘ai"zeﬂrhe use according to
any of clainms 9 to 11, wherein said vector is contained in a host cell,

such as a mam@l Cf{d 4o CTRGAIRY b a4 /64 whéRR S84 0003 acid is salected

from the group consisting of

a) a nudeic acd coding for human protein kinase C-a, or a fragment
thereof;

b) a nucleic acld which is complementary to the nucleic acid according to a),
or a fragment thereof;

c) a nuclelc acid which is obtainable by substitution, addition, inversion
and/or deletion of one or more bases of a nudeic acid according to a) or b),
or a fragment thereof; and

d) a nugleic acid which has more than 80% homology with a nucleic acid
according to a) through ¢}, or a fragment thereof.

7. Tha use according to claim 6, wherein said fragment of the nucleic acid
comprises at least 10 nucleotides, preferably at least 50 nucleotides, more
preferably at least 200 nucieotides,

8. The use accordiﬁg to any of diaims 3 to 7, wherein said nucleic acid is a DNA
or RNA,

9.  The use according to any of claims 3 to 8, wherein said nucleic acid or
fragment thereof is Inserted in a vector under the control of at least cne ex-
pression regulating element in antisense orientation thereto.



cell is not a human or animal in its natural state. 13. The use according to
claim3 to 5, wherein said substance which inhibits or reduces the
expression of protein kinase C-a is an anti body which reacts wth protein
ki nase C-a, especially a nonoclonal or polyclonal antibody, such as a
humani zed anti body; said inhibitor changes the phosphorylation state of
protein kinase G-a; said antagonist is a derivative or anal ogue of protein
ki nase C-a. 14. The use according to any oB5clains 1 to 13, wherein said
agent which reduces or inhibits the expression and/or activity of protein
kinase'C-a is an agent which at the same tine reduces or inhibits the
expression and/or ac- tivity of protein kinase C-p. 1S. The use according to
any of clainms 1 to 13, wherein said agent which specifically reduces or

inhibits the eppreshi QReahRfin? 8 iakithys,0 ShiB-vat Cranhs enpl ayed

I n conbination w t% an agent which séi‘ﬁ?'f%geﬁeé'g?%&ﬁ%ﬁhﬁ?%' he

expressi on and/ or Baetetiephageforyirgs.ei n ki nase C-p. 16. The use according to

claim 15, wherein said agent which reduces or inhibits the expression

and/ or activity of Tgrotei n kinase Gp is selected fromthe group consisting
whi

of nucleic ad & usedercording ite ildiint 9t dre 1@ mheresn aaldo xprielstorm reguatng

ki nase C-0 gene, Vv - | Sl Lo d, _host cells contgjning
said vectors, subs?%hgég "%\%Pé:rﬁh%h%?tgi &ogPH\'igt}Jﬁ@gg%’ B,F9N2L SPAENGE of it !tei n
ki nase C-p, subst aheescripioniteimihatort the transiocation of protein 36

--ki nase--p, -antagoni sts-of -protein icinase Cf-ad:ivity,-and inhibitors of
pro- - tein kinase C-p activity. 17. The use according to claim 16, wherein
sai d nucl ei c d@d i Iheuseeceding doraniof clgimad to dhswheieirgsaid vadtomisraontaines! aci d

acid whi ch 15 conprehDREe BER 35 meld cal bRy ARG ety and efld oSt ©

fragment thereof; cellis notahuman or animal in its natural state.

13. The use according to clalm 3 to 5, wherein sald substance which inhlbits or
reduces the expression of protein kinase C-u is an antibody which reacts
with protein kinase C-a, especially a monoclonal or polydonal antibody,
such as a humanized antibody; said inhibitor changes the phosphoryiation
state of protein kinase C-a; said antagonist is a derivative or anaiogue of
protein kinase C-a.

14, The use according to any of claims 1 to 13, whereln said agent which
reduces or inhibits the expression and/or activity of proteln kinase C-a Is an
agent which at the same time reduces or inhibits the expression and/or ac-
tivity of protein kinase C-B.

15. The use according to any of claims 1 to 13, wherein sald agent which
specifically reduces or inhibits the expression and/or activity of protein
kinase C-a Is employad in combination with an agent which specifically re-
duces or inhibits the expression and/or activity of protein kinase C-f.

16. The use according to claim 15, wharein sald agent which reduces or inhibits
the expressian andfor activity of protein kinase C-8 is selected from the
group consisting of nucleic aclds which reduce or inhibit the expression of
the proteln kinase C-p gene, vectors contalning said nuclei¢ acld, host cells
containing said vectors, substances which inhibit or raduce the expression of
protein kinase C-B, substances which inhibit the translocation of protein



c) a nucleic add which is obtainable by substitution, addition, inversion
and/ or deletion of one or nore bases of a nucleic acid according to a) or
b), - or a fragnent thereof; and d) a nudeic add which has nore than 80%
honol ogy with a nucleic acid according to a) through c), or a fragnent
thereof. 18. The use according to claim17, wherein said fragnent of the
nucl eic acid conprises at |east 10 nucl eotigles, preferably at |east 50
nucl eoti des, nore preferably at |east 200 nucl eotides; said nucleic acid
is, in particular, a DNA or RNA 19. The use according to any of clains 16
to 18, wherein said nucleic acid or fragnent thereof is inserted in a
vector under the control of at |east one ex- pression regulating el enent,
e.g., a pronoter, a ribosonme binding site, a signal sequence or a 3'-

Ceording. 1o ol ai meaere GibsPrBRRTE oflt RRa B aclif, Shi ipiptors F ore-®

bact eri ophage or vieinukinase G-p ackivigy.onoter, a ri bosone binding site, a signal
sequence or a 3' transcription termnator. 37 21. The.use according to any
of clainms 19 and/or 20, wherein said vector is contained in a host cell,
especi al |y a f@nmeTheesd accedimgicatiain 6 wivereincsald nuddl@ acldheselscted roay theng t o
claim 16, wherein said | nHi Rit is an antibody which reacts with protein
ki nase C-p, espemﬁl"l?ca onal or polyclonal anti- body, preferably a
humani zed anti body. 23. The use according to clai m 16, wherein said

I nhi bitor changes the phgs- phorylati tate of IEII’] ki nase C.a. 24. The
use according to c?)aiansﬂa?icvﬁfgé%ﬂmgaﬁ’(ﬁ S‘r‘fp%cﬁf? n g"’éed%rﬁr \Oft p\fEaggpent

anal ogue of proteigheagfase C-p. 25. A pharnmaceuti caI conposition conprising
the inhibitors according to claiml for the rranufacture of a medi canent for

the treatnent and/or prevention of .
b) a nucleic acid which Is oomplementary to the nudelc acid according to a),

or a fragment thereof;

c) a nucleic acid which is obtainable by substitution, addition, inversion
and/or delation of one or more bases of a nucleic acid according to a) or b),
or a fragment thereof; and

d) a nutleic acid which has more than 80% homology with a nucleic acid
according to a) through c), or a fragment thereof.

18, The use according to claim 17, wherein said fragment of the nucleic acid
comprises at least 10 nucleotides, preferably at lesst SO nucleotides, more
preferably at least 200 nucleotides; sald nucleic acid is, in particular, a DNA
or RNA.

19. The use according to 2ny of claims 16 to 18, wherein said nudeic acid or
fragment therecf is inserted In a vector under the control of at least one ex-
pression regulating element, e.g., & promoter, a ribosome binding site, a
signal sequence or 2 3' {ranscription terminator, in antisense orientation
thereto.

20. The use according to claim 15, wherein said vector is a plasmid, cosmid,
bacteriophage or virus, e.9., a promoter, a ribosome binding site, a signal
sequence or a 3' transcription terminator.



coronary heart disease, nyocardial Infarction, diseases with reduced heart
out put, peripheral occlusive disease, stroke, renal diseases involving pro-
teinuria, diabetic |ate effects and/ or cardiovascul ar conplications in
patients wth diabetes nmellitus, cardiovascular conplications in patients
wi th hyper- tension, and cardi ovascul ar conplications In patients with
hyperchol es- terol emia, conprising at | ead¥ one agent which specifically
reduces or inhib- its the expression and/or activity of protein kinase G a
(PKC-a) and protein kinase C-0 as an active ingredient. 26. The

phar maceuti cal conposition according to claim25, wherein said agents are
sel ected fromthe group consisting of nucleic acids which reduce or in-

hibit the expressi f ' i - vect ors ntai ni,ng said
nucl ei ¢ aci o} "hos Qg.;es |%&§@h@?‘;n§hg Aga{i%ﬁ\%e@ gpgj,eo??tpds‘?ﬁ?fgbss iV@?PFr‘ﬁ?bit
or reduce the expnteweddmadlospeel, espedilipaTramna! cell)kShedsiRca WingR ckmhi bi t

the translocation of protein kinase Ca, antagonists of protein kinase Ca
activ- ity, and inhibitors of protein kinase C-a activity, 27. The

phar maceutilcz_az. cdgrposgtaicoarda'@cwdaing16pwgl_a&irfrfsﬂ8,inmbmlf3isrhkr§amb Qﬂﬁiéf(\j are

t t iy t - a, -
Vet ves of profEre MtfaBen Kindle GaqAtaRlY 3 mBrocens a1 Pl 2htss 26
The- phar naceut i C%d?,%ﬁﬁﬂtﬁ'?ﬁﬁﬁrﬂﬁeﬂ@hr&iﬂo@.ai nms- 25 -to27Twhereln said

agent which reduces or inhibits the expression and/or activity of protein
kinase C-p is selected fromthe group consisting of nucleic adds which re-

duce or Inhijst tihe @ePseaiinyg tofcidime16) Rhareih S3IBARRIbDP cAfiles HECHYES Ccon-
taining said nucleic acid, host cells containing said vectors, substances

whi ch i nhibit oPhpBRtos sate of pretelndioasedBpr ot ei n ki nase C-a, substances
which in- hibit the transiocatlon of protein kinase C p, antagonists of

protein kinase C_ activity, and |Inphibitors of protein kinase C-rP activity.
24.  The use according to cleim 16, wherein said antagonist is a derivative or

analogue of protein kinase C-.
25, A pharmaceutical composition comprising the inhibitors

according to claim 1 for the manufacture of a medicament for
the treatment and/or prevention of

coropary heart disease, myocardial infarction, diseases with reduced heart
output, peripheral occlusive disease, stroke, renal diseases involving pro-
teinuria, diabetic late effects and/or cardiovascular complications in patlents
with diabetes meliitus, cardiovascular complications in patients with hyper-
tension, and cardiovascular complications in patients with hyperchotes-
terolemia, comprising at least one agent which specifically reduces or inhib-
its the expression and/or activity of protein kinase C-a (PKC-x) and protein
kinase C-B as an active ingredient.

26. The pharmaceutical composition according to ciaim 25, wherein sald agents
are selected from the group consisting of nucleic acids which reduce or in-
hibit the exprassion of the protein kinase C-a gene, vectors containing said
nuclelc acid, host ¢ells containing said vectors, substanges which inhibit or
reduce the expression of protein kinase C-a, substances which inhibit the
translocation of protein kinase C-q, antagonists of protein kinase C-a activ-
ity, and inhibitors of protein kinase C-a activity,

27. The pharmaceutical composition according to claim 25, wherein said agents
are antisense oligonudeotidas of the gene coding for protein kinase C-g, de-
rivatives of protein kinase C-a, or analogues of protein kinase C-a.
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The pharmaceutical-composition-according to claims 25 to 27, whetein sald ~
agent which reduces or inhibits the expression and/or activity of protein
kinase C-p Is selacted from the group consisting of nucleic aclds which re-
duce or inhibit the expression of the protein kinase C-pB gene, vectors con-
taining said nucleic acid, host cells containing sald vectors, substances which
inhibit or reduce the expression of protein kinase C-f, substances which in-
hibit the translocation of protein kinase C-f, antagonists of protein kinase C-

p activity, and (nhibitors of protein kinase C-f actlvity.



