SMB I nhibition of Protein Kinase C Al pha for the Treatnment of Diabetes
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-a) for the treatnent and/or prevention of
coronary heart disease, nyocardial infarction, peripheral occlusive

di sease, stroke, renal diseases involving proteinuria, diabetic |ate
effects and/ or cardi ovascul ar conplications in patients with diabe%ﬁﬁ3

mel litus, cardiovascular 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 Wstern
world and afflicts about 5% of the population. Diabetes nellitus is

subdi vided into diabetes type I, which usually occurs already in the
yout h, 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. Thdnmistiohofduelsin Kirhse ghcs Bovdhei
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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 a so-called microalbuminuria. This



di abetes type | or type Il (Al zaid, D abetes Care, 19: (1996), 79-89;
Klein et al., D abetes Care, 22 (1999), 743-751; Valjnadrid et al., Arch.
Intern. Med., 160 (2000), 1093-1100). The risk that renal insufficiency
devel ops is about 10 tines higher in patients with m croal bum nuria as
conpared to patients with normal al burd n excretion. D abetic nephropathy,
which is characterized by a proteinuria of nmore than 300 ng/day and/or
restricted renal function, wi|l develop in about 5 to 10%of all patients
with di atealees dhe exeresiinbofi 309 oer Oﬁe@iburr‘il"hemr i2¢k hounat calieatsst iurine.
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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, Feldt-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 animal model systems, and has been confirmed in recent years by

results 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 snall pores which allow

smal l er nol ecules to pass through the basal nenbrane while protein

nol ecul es cannot pass the nenbrane duedto their size. In patients with
m croal bum nuria, the passage of snall proteins, such as al bumn,
neverthele S ﬁic urs a thou%h t he pore S|ze is not increased at first. To

account 1f o NBherBReHBRE 1% SESTEIEDh shguienBlacorpptdes sae wia-Ralled
negat i V@ld?'ﬁé‘hgﬁ mlpc‘ravéﬁﬂoa%e td@:%sé‘éé%fr]:?r%@éuh!ewr ebarged Qllbghﬁh”%he %n@od

present in the pores or he edge of the pores (Kverneland, Feld
Rasnusséigieets aeparabﬁab‘é@m 6g¢airlr@95(d18996)a reepbeate refrked tto as the basal

Fel dt

el i ndeF\?%FHEﬁﬁﬂe Et'agjlgtsg mgﬂBVaHQ[faf fg@% ﬁggﬁwpﬁaﬁgﬁe%ﬁgﬁéﬁqgcu (‘g“s]e%\n th
negati véo q:rmsglﬂrsroagb preobasal ynemhnane Rridkee pgdteoamsolarelesorgriredt pass the
macr onol eculjes whij ¢ si st._ of ro&.ei S t WhIEQC?g pol. saccﬂqu de chal

ore covaiahpranaRbELrSRaRT e B PPLERES iyl RS hc i, BiiErgEe of
consi st safallhppsteais, ssudrake aﬂadnhavaeaehjh@tbg@,e@@um&aitmg@he Thee size is

pr ot eogl ycan whi ch occurs _nost frequently in the body i erl ecan.

Per | ecaf®t dngregsst ety figst. J@OBR@%df%a@‘%Wéﬂam%&Wéhé@H ibgeshgwie thAki ns

d
(1005) . "IRRIETH R (RRE I AGE Wt ebihe dEheath3e B Tee iy

Mur dochare i presentain the. ppres awhai tr@teﬂgeemf the fares4jKvepeland) Felidh-

pat i ent g Jott L dhabeb es o 800 A GL 03b BTy k3, bEpAtAR. s i kashacdly

pr esent gl onerular so'in pa rents w vanced
di abeti et méphcidpat Hint. manaaswmmms Cﬁﬂeﬂ@lérﬁd}gﬂelubdedﬂ@t ebiabetdlbe

basal nenbr n rot chains are sti resent

of foct B abbbuabEN ?QQWt HEesBuPofachies uresocin Fanges Reruereoqy”
reducedcgngepr 'I\G‘Ja)r‘@eﬁlél c@&frﬁieklm&&mmme@gmr wihicilicabeist dfCroteins to
(Part hasar at hy an |ro Di abetes, 31 (1982), 738-741; Deckert Fel dt -

Rnomio S BIGh  HPD/Soe g CAaREITE o SH dCRYIPSLY DPESRAEc: S7hE1 oRpysaccharide

1202- 12@ﬁa|nsN%rrEHGH1 ﬁé}‘#c'\}gcéﬂrf‘élé%h%? héParah 0ROl and ]J%%e( ]aq%bh ﬁg aed;
Maki no, |keda e hron, 61 (1992), 415-421; Scandl i ng ers,

Ki dney Fharge. 4TihQ mgggoglvream»\éu@ﬁ over s Brost Sreguentiyetn te bonwdﬁec;erlawn 41
(1992), p&PEQar 0RO, B?H&fm 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 sulfate 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, lkeda 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 glomerular filtration of albumin by



van den Born et al., D abetologia, 37 (1994), 313-320; |ozzo and San
Antoniom 3. 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, Kofoed-Enevoldsen et al., Diabetologia, 36 (1993), 244-251).
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Endothelial cells also exhibit a reduced”™ synthesis of heparan sulfate

( Yokoyan®, digbgtes patieats. Theetferesit 6 notoorprisine 12t gbe; lasanotidiepriran,

Daha et .l ] | 98),. 1.7 i f

or ot cog 2t AN by et e s auscd BT MRS taggE
hepar an rsesdregial @xprresdgrh.ycans can contribute to the formation of m -
crothronmbi, for exanple, in the retinal vessels, and thus pronote the
formation of diabetic retinopathy (Marcum Fritze et al., Am J.
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prot eoglt ga&sm(al‘-éSI;’vG" iagcénuq_gdtggohnché”psi. tgn%tﬁgliawscﬁaﬁsogiso 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 sulfate proteogiycans 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 (1984}, 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., J. 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 (inflammatory cells) to the subendothelial connective
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m croal bum nuria. The object of the invention is to provide agents whi ch
can be é"r’rﬁﬂ I&lﬁ fﬁ:éppl 1) (2002}, p. 74-7; Diercks, van Boven et al., Can. J.
Cardiol., 18 (2002), 525-535). Accordingly, microaibuminuria 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 microalbuminuria.

The object of the invention is to provide agents which can be employed for the
therapy of microalbuminuria, especially in patients with diabetes mellitus 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 well 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-a (PKC-a) 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,

di abeti c nephropat hy and dlabetlc neur opat hy, and cardi ovascul ar
conplications as well as the cardi ovasc@ilFar conplications associated with
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J. Mol. Med., 76 (1998), 21-31; Koya et _ al Faseb J. 2000),
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substantially identical except for the change of protein kinase Ca
expression devel o ed a cl ear al bum nurl a. According to the inventjion, the
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condi ti ARich 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 animais were able to form heparan sulfate at a normal level under diabetic
conditions. In contrast, the control animails 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 receptor (VEGF-R II). 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 II 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 changes in the protein kinase Ca "knock out" mce.
According to the invention, using i munohi stochem cal nmethods, it could
be shown that the lack of protein kinase C-a entrains further significant
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hyper chgreatment 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 late effects and/or cardiovascular complica-

tions, hypertension with and without associated cardiovascular complications
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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 corgnary vessels results 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 conseguence of an increased
oxygen demand of the cardiac muscie or upon an acute interruption of the blood
supply.
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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 invoiving
proteinuria are, in particular, minimal-change nephropathy, other glomerulo-
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 etiologies 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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retinal detachment, neovascular glaucoma and blindness.

In the context of the present invention, "diabetic nephropathy”, which is also
referred to as diabetic glomerulosclerosis, 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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heart dpsiessdy oryseamdarily as a consequence of diabetes. Hypercholesterclemia is a
risk factor of atherosclerosis. 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 hypercholesterolemia.

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 intracellular 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-a, 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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partially by the subcellular distribution of the activated protein kinase C isozymes.

"Protein kinase C-a" means a protein which is activated by calcium ions and
diacylglycerol, the activated protein kinase C-a 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-o protein has a similar domain
structure as the remaining cPKC 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 diacylglycerol, phorbol ester, phosphatidylser-

ine and calcium.

In the context of the present invention, "agents which reduce or inhibit the
expression of protein kinase C-o" 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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ployed with the PKC-a protein. The direct interaction between the agent and PKC-a
protein can be effected, for example, by covalent or non-covalent binding. The
interaction between the agent and PKC-a protein may also cause, for example,
chemical changes in the protein kinase, which results in a loss of the biological
activity of the protein kinase. The interaction may also 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-« 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 may be effected, for exanple, by a direct interaction
of the agent em ployed with the PKC-a protein. The direct interaction

bet ween the agent and PKC-a protein can be effected, for exanple, by
coval ent or non-coval ent binding. The- i1ynteracti on between the agent and
PKC-a protein may al so cause, for exanple, chem cal changes in the
protein kinase, which results in a |loss of the biological activity of the
pr ot ei n SPHAEHION PRE/IMmpeiviit PORKGmy kutgwt thedxpressien anp) er; attdviey oseeeirf i

degr adatpiy@niseforPKC+3 r nts which reduce or inhibit the activity
of protein Il?i noase 'C—ge%}fp\zg 'S%K%l%?t hose which nodify or elimnate or bind

to specific substrates, target structures or target nolecules of PKC-a in

such a -hat, 1 bi pcal, activity pf PKC-a_is reduced or conpletely
suppr es\f‘%‘?r&Ag@nE"s Qﬁ%h'ingkﬂgéﬁuége o195 WA ‘ﬁﬁ{Cht ﬁ%e%{@?ﬁl)ﬁ { ?réj‘éﬁ‘e BF OB EhRase
C- a nmy €xPEesshen ténsier vitivity pf dkéht: ahe sefeuted deain e afroBCeandigtirgy he
endopl asm g.; i r .to the e of the. cell after activation, for
exanpl e?]ugfcét'(lg \g/%ftd g%ﬁl’gbqﬁﬂﬂ?eb(?f '?W’gﬂﬁﬂﬁﬁﬁprw%ak thereetginckinase G-ataanget

Wi th it sesfeesidingainiis baiat Bsclei U hSdtr i i | ol @
parti cul er.I ,B%igf_aelr Hg% elnbodi %ﬁ&%fhﬁeééﬁl%\%ﬁt%?lgmé téé]'ge‘éegcé%s%@%ﬁ%i‘%%
accor di P‘@“‘E% IPRRIY AU SREHER threeXRyensionwai eroteprdinasealty, sebistosces whibh bi t
the - 14exier { i AYSR AY A, ression.
and/ or acti _Ivit?%sgf%g?ﬁgfrlgﬁ PC%CC[5 r:o\sf%lbo'fﬁrr]%?g:‘%gra ! eaxrgﬁé?@?{stg?’f §€.(EP'A§%%?'S& ﬁg“t 0
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expression and/or activity of PKC-a are selected fromthe group consisting
of nucleic acids which reduce or inhibit the expression of the protein

ki nase 6ceorging to thecingesticontle munigicacid ewpl@icd Bepbfel®s) serkted from

cont ai nj i [S, .Substances which inhibit or reduce the
express?ﬁggﬁ"%%ﬁ%%ﬁniioﬁase C-a, substances which inhibit the

transl ocation of protein kinase C-a, antagonists of protein kinase C (X
activity a,{]ﬂdé-grg i i r | Lnase C.a activity. Accarding to the
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group consi sting of

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

fragment thereof;

c) 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) & 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(x, or a fragnent
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 accordingito a) or b), or a fragnment

thereof; and d) a nucleic acid which has nore than 80% honol ogy with a
nucl ei ¢ aci d accordin to a) through c), or a fragnment thereof. In the
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exanpl e, from eukaryotic tissues, preferably nammal tissues, nore
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invention is mser‘ted 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 through Watson-Crick base
pairing to the mRNA transcript of the native protein kinase C-« 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 celiular 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 anti sense transcript produced of the nucleic acid used according to
the invention can bind through WAt son- G6i-ck base pairing to the nRNA
transcript of the native protein kinase Ca gene which is in sense
orientation to forma duplex structure. In this way, the transl ation of
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el ement, wherelin the nucleic acid or i'ts fragnent i's 1 nserted in an

ant i sengbageiogiatsion with respect to said expression regul ating

el ements. Thus, after the vector has been introduced into a cell, for
exanple, a manmal cell, especially a human cell, the nucleic acid or its
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sequencg (}odi ng for. PKIC% %I pha or .a fragmsnt t her Rf under, the functional
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 particutar, the host cell is a mammal cell, preferably a

human cell. In a particularly preferred form, the human cell is an adult 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 nuclectides, 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 celiular conditions. In a particularly preferred em-
bodiment, these PKC-a-specific antisense oligonucleotides are the product ISIS
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 oligonuclectides 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 term nager. Another enbodi nent of the
invention relates to a host cell which contains an above described
vector. In particular, the host cell is a mamual cell, preferably a human
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ressi on of PKC al pha.
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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 a concentration of preferably more than 1.6 KM over a period of
at least 15 h is provided in order to block 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 o is provided. In the context of the present invention,
"inhibitor" means a substance which competitively inhibits the biological activity of
protein kinase C-u, allosterically changes the spatial structure of PKC-a, or inhibits
PKC-a by substrate inhibition.

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

are essentially coded for by an immunoglobulin gene or genes or fragments



protein kinase al pha. Preferably, said activator is a phorbol conpound,

especially 12-Otetradecanoyl 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

conpl ete down regul ati on of PKC al pha-(Busutti et al., 3. Surg. Res., 63

(1996), 137-142). Also, it is known that treatnent with a higher TPA

concentrati or}, for exanple, 1.6 NM conpletely inhibits PKC al pha
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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 embodiment of the invention, it is provided that the inhibitor
employed according to the application for inhibiting PKC-alpha 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 alpha-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 antibody fragnents retain the ability to bind selectively to the
corresponding antigen. Methods for the preparation of antibodies or
fragments thereof are known in the prior art. In a preferred embodi ment
of the invention, the antibody enployed according to the invention for
inhibiting the activity of protein kindee Ca is a nonoclonal or

pol ycl onal antibody. According to the invention, the antibody may al so be
a huna |ze Rtlbod In a particularly preferred enbodi ment of the
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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
hurman 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-q may arise, for example,
from mutations, such as deletions, substitutions, insertions, additions, base ex-
changes and/or recombinations of the nuclectide 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 a natural way, or mutations which have been purposefully introduced into the



after binding to the substrate. The term "antagoni sts" also 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 PKG @bpha which can bind to the
substrates of the native PKC al pha, but wi thout causing the sane

bi ol ogical effect as native PKC al pha after binding thereto, is enployed
as the CQ.H@&B%W&@B FHSIVENGRE vt ¥ 1R ttheamrKkrawpha thetary, foy.examplee coemtiet

of the g i i p i vatives" means functional equivalents or
derivati egggg%n%/rb\gf@yﬁ Ilr?gggfle-a whi ch are obtained by substituting atons

or nol ecul ar groups or residues while retaining the PKC-a basic
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C-a, butegion of protein kinase C-a, but without possessing the same catalytic properties

as protein kinase C-a.

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-B (PKC-p). In ). 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 cyclosporine 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 lack the catalytic properti@d of PKC-a. Therefore, the protein
ki nase C-a anal ogues enpl oyed according to the invention may be, for
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di seases is provided. In another preferred enbodi nent of the invention, it
is provided that the agent which specifically reduces or inhibits the
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conbi nat,} | t ich specifically reduces or inhibits the
express?]g‘%ltllta}rgI ég?&%gff?&\;ﬁty%r%ﬂpoOéjisﬁt'f?ﬁrfgse C- (3. According to the
invention, "protein kinase C p" includes both protein kinase CBlI and the

splice ayarh@idick3id coding for human protein kinase C-, or a fragment thereof;

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

c) 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 ¢), 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 C-p is selected
fromthe group consisting of nucleic acids which reduce or inhibit the
expression of the protein kinase G 13 gene, vectors containing said
nucl eic acid, host cells containing sai2® - vectors, substances which _
inhibit or reduce the expression of protein kinase Gp, substances which
inhibit the translocation of protein kinase Cp, antagonists of protein
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an agent is selected fromthe group consisting of a) a nucleic acid
coding for human protein kinase C-p, or a fragnent thereof; b) a nucleic
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specifically inhibited without inhibiting the expression of other cellular PKC iso-
forms.

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-B, but only 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-{3 gene of the cell is transcribed, the antisense
transcri pt produced of the nucleic acid used according to the invention
can bind to the nRNA transcript of the native protein kinase Cp gene
which is in sense orientation to form-a&3uplex structure. In this way,
the translation of the nRNA of the native PKC-p gene into a polypeptide
is selectivel uppressed, and the expression of the native PKC-p is
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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 oligonucleotides 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-B 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 monoclonal 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-B 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-p 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 ribosonme binding site, a signal sequence or a
3" transcription term nator. Another enbodi nent of the invention rel ates
to a host cell which contains an above4described vector. In particular,
the host cell is a mammal cell, preferably a human cell. In a
particularly preferred form the human cell is an adult stemcell. In a
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is provided that an antihod which specifically reacts with protein
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and/or cardiovascular complications in patients with diabetes mellitus, cardiovascu-
lar complications in patients with hypertension, and cardiovascular complications in
patients with hypercholesterolemia. According to the invention, the cardiovascular
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 synthetically 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
phar maceuti cal conposition for the tredbment and/or prevention of
coronary heart disease, nyocardial infarction, peripheral occlusive
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In a preferred embodiment of the invention, it is provided that the pharmaceutical
composition is used for parenteral, especially intravenous, intramuscutar, 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 employed 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 emulsion, 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 -kbrase C-a, antagonists of protein
ki nase C-a activity, and inhibitors of protein kinase C-a activity. Mre
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protein kinase C-a.

In another preferred embodiment of the invention, the pharmaceutical composition
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-p.

Preferably, the agent which specifically reduces or inhibits the expression and/or
activity of protein kinase C-j 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-8, antagonists of protein kinase C-8 activity, and

inhibitors of protein kinase C-B 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 klnase Ca
subst ances which inhibit the translocafon of protein kinase Ca

ant agoni sts of proteln ki nase C-a activity, and inhibitors of protein
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gene cogieag for protei n kinase C-a, tocopherol, phorbol conpounds,

derivatives of protein kinase C-a, or anal ogues of protein kinase C-a. In
anot her preferred enbodi nent of the invention, the pharmaceuti cal
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wi t hout di abet es I'1tus SV129 mce wth etes and
wi t hout di abetes (control). The al bum n concentration was deter- mned by

using apgLRdi T aFlbwEL A isitadlar VeEGH Ui HEPIRSERL! BRRAIVELE mice
with diabetes mellitus and without diabetes mellitus (control) 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 immunofluorescence. The
significance was calculated by means of the Mann-Whitney U test. In diabetic
animals, the VEGF expression is significantly higher as compared to control

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 (control) and SV129
mice with diabetes and without diabetes (control). For each animal group, 40
glomeruli were evaluated semiguantitatively by means of immunohistochemical
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-diabetic SV129 and PKC- acl®
m ce have a conparable album n/creatinin quotient which is usually bel ow
10 g/mol. In contrast, the quotient for diabetic SV129 mice is
significantly higher (p = 0,004). The_values for the diabetic PKGa +-
nice are significantly lower than the %&lues for the diabetic SV129 nice
(p <_0.001). The transverse bar indicates the nedian value. The

signifi cal,cul at ed ns. of the Mann t - re2
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mellitus (control) and SV129 mce with diabetes and w thout diabetes
(controh%( f'£$ ach animal group, 40 gloneruli were eval uated

sem qua |y by neans of i mmunohi stochem cal nethods, and the

val ues were divided into weak, medium and strong i nmunofl uo- rescence. The
signifi C t. ans of the Mann-Wiitney U test. In

di abeti ol ?' S OI-'rTipr ession is significantly higher as
conpared to <control animals (p < 0.001). However, the VEGFR Il expression
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and w t hout Id| abet.es nel tt 6]& ontr and SV129 mce with diabetes and
wi t hout 2BIABER'E eftb%h?%l%‘lof' e EX&h =8Pt group, 40 glomeruli were

eval uated sem quantitatively by neans of imunohi stochem cal nethods, and

the 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 control 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 animals, the perlecan expression is significantly lower as
conpared to SV129 control animals (p < 0.001). Exanple 1 Experinental

di abetes induction Wth mice which werd® kept under standardi zed conditions
at 22 Cwith free access to feed and water, the foll ow ng experinents
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thereafter, the animals were kiled while under anesthesia. Subsequently, the

blood sugar levels were determined from the serum. The blood sugar levels 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) | 192 +/- 36 505 +/- 80*
PKC-o/ control (n = 6) 223 +/-27 197 +/- 21
PKC-a™" 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 still

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, tB2-animals were anesthetized with
the narcotic avertin. Under anesthesia, 400 | of blood was subsequently
taken fromthe venous plexus of the eye, and the whol e bl adder urine was
t aken f%&ﬁ‘\“i‘ﬂge Bl adder by a puncture with a 27 G needl e. Subsequently,

t he ki dneys were perfused with a Ringer |lactate solution through the
ventral _aorta, and the kidneys were renoved. Immediately thereafter, the
ani mal sBrtgreninatiopof glbumin, gaacentratigtesi a. Subsequently, the bl ood sugar
| evel s were determned fromthe serum The bl ood sugar |evels can be
found i Tﬁ@l{)/e 1. As can be seen, the diabetic animals have about 2.5 to 3
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a known_phenonenon. Therefore, the album n excretion in the urine of
PKGC- al pﬂgtermge’goramas gifeeted ippecordance with the manufacturer's instructions. To

be able to account for variations in the urine excretion, the albumin values

e n
i

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-o”~ mice have a
comparable albumin/creatinin quotient which is usually below 10 g/mol. In
contrast, the quotient for diabetic SV129 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-a”~ 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™~ control mice is
at 8.5 g/mol, The values for the diabetic PKC-a™”/~ mice is significantly lower than
the values for the diabetic SV129 mice (p < 0.001). The resuits are shown in Figure
1.

Example 3

Determination of VEGF and VEGF Receptor II 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 II

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



di abetes nellitus and w thout diabetes nellitus (control) and SV129 m ce

with diabetes and wi thout diabetes (control) was determ ned. For this

pur pose, the albumn concentration was determined in the collected urine.

To determine the albumin concentration, an indirect ELISA assay (Al buwel |

Mr) of Exocell Inc., Philadel phia, US4)- was used. This ELI SA assay is

specific for murine albumn. The determ nation was effected in accordance

with the manufacturer's instructions. To be able to account for
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(VEGFR-L1) in the renal corpuscles (gloneruli) of the diabetic contro

ani mal sflugrRscenss inkrnsiyr Was gvidadsinton §UeRGFRMEAIWR pRRe sveak wis dbbett ed
by i muBQhbst ashed £3imalsehh9dss | dney ad o
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With trig p‘l@ré%e ()F%%f egppés’i\g& Wa§ ﬁéﬁi%gzgntlyole%‘rs’ pl\rdonounced 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 proteogiycan
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 perlecan (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



NaCl, pH 7.6). The cryo-slices were subsequently incubated for 60 m nutes
in a noist chanber with a primary pol yclonal "rabbit" anti body agai nst
murine VEG- (Santa Cruz, A-20) or VEGFR- Il (Santa Cruz, C-1158). After
washing anew with TBS, the slices were incubated with a Cy3-1|abel ed
secondary "anti-rabbit" antibody (JacB2on | munresearch Laboratories,
711-165-152) for 30 mnutes at room tenperature and again washed with

TBS. Subsequenél t he Erep rations were evaluated and Bhotpgra_hed
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express%ggeMQ? fgﬂﬂgnﬁir%onpared to non-di abetic control animals. In
conpari son, Re I neresse of the expression was significantly | ess
pronounced in diabetic SV129 and PKC-a /- mce (p < 0.001). The results
are shown in Figures 2 and 3, Exanple 4 Determ nation of perlecan
expression Since the established difference in VEGF expression al one coul d
not account for the difference in albumnuria, the expression of the
heparan sul fate proteoglycan perlecan in the kidneys of diabetic and
non-di abeti ¢ ani mal s was exam ned by nmeans of i nmunohi stochem cal

met hods. Cryo-slices of the kidneys were prepared and enbedded as
described in Exanple 3. A nonoclonal rat antibody directed against mnurine
perlecan (RDI Systens, A7L6) was used as the primary antibody. A

Cy3-1 abel ed donkey anti-rat antibody (Jackson |Imrunresearch Laboratories,
712-165-153) was used as the secondary antibody. The i mruno- histochem cal
exam nation of the slices gave the conpletely surprising result that

perl ecan was no |onger or hardly any | onger detectable in diabetic control
animals (cf. Figure 4). Thus, perlecan could be detected neither in the

gl omeru- lus nor in the vascular wall of arterioles. In contrast, the
expression of perlecan - 32 was unchanged or but slightly reduced in
5V129 and PKC-a |- mce. Since the |ack of heparan sulfate is considered
one of the main nediators in the devel op-



ment of proteinuria, it is to be considered that this result can account
for the absence of albumnuria. - 33 CLAIMS: Use of agents which reduce
or inhibit the expression and/or activity of protein kinase C cc (PKC- a)
for the treatnment and/or prevention of vascular diseases, cardiovascul ar
di seases, renal diseases involving preti nuria, dia- betic late effects
and/ or cardi ovascul ar conplications in patients with diabe- tes nellitus,
cardi ovascul ar conplications in patients with hypertension, and/or

cardi ovascul ar conplications in patik#ft EMBt:h hyperchol esterol enia. 2. The
use according to claim1l1, wherein said vascul ar di seases and cardi ovas-

cul ar di seas a;_g sel ected fromthe group consisting of peripheral

occl usi ve di@“é‘%\ , 3MEnWhiEhh sedlucedios eimbidhit thecexplieakionnbaddn @tideg of
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wherei n sai d gj i e effects are diabetic retinopathy, diabetic
neur opat hy ant%J %ﬁ%gﬁ %gjg?‘itsca ‘&BHFBB‘?;{PH??C%E.F §9/0Plicationscipr RRGRNLE aviEh diahet,
wher ei n sai d teenalelituseaaediovas@ian REnPIREABAs M batieh& RARE nsidfiney

di seases. 6. ng? userqaccordlj__]ung to claimb5, wherein said proteinurirals’
gl onerul ar  pY6Y B Agr9'QVascHiRn i cmRicstiens in Patieptsmivith dypeorerlasterolemib ar
proteinuria. 7. The use according to claim5 or 6, wherein said renal

di seases,are_m ni mal - change nephropat hy, ot her gl onerul opathies, kidney
anyl oi do®i s, h&r & ?C‘f%aﬂf‘gtFPo'rE}Pg'Ba]trWherﬁéhéiP'dt\tﬂﬁguw diseasesiad cardiovas-

interstitial coephdibbases ardusgectby haf-thb&ro | ety eqlgnal
failure, Bence-Jones nephropathy or kid- edrlegpﬁog%?glngn |r3°nhe%-gpéﬁd“§."eThe
use accor di n§'t85SBnfOBINAEY hieast diseaser, mypeardiah infardicagand streeci fi cal |y
reduce or inhibit the expression and/or activity of protein kinase C a

3. The use according to claim 1, wherein said cardiovascular complications are

peripheral occlusive disease, coronary heait disease, myocardial infarction
and/or stroke.

4. The use according to claim 1, wherein said diabetic late effects are diabetic

retinopathy, diabetic neuropathy and/or diabetic nephropathy.

5. The use according to claim 1, wherein said renal diseases involving protein-

uria are parenchymal kidney diseases.

6. The use according to claim 5, wherein said proteinuria is glomerular

proteinuria, tubular proteinuria or mixed glomerulo-tubular proteinuria.

7. The use according to claim 5 or 6, wherein said renal diseases are minimal-
change nephropathy, other glomerulopathies, kidney amyloidosis, heredi-
tary tubulopathy, renal-tubular azidosis, interstitial nephritis induced by bac-

teria or medicaments, acute renal failure, Bence-Jones nephropathy or kid-
ney transplantation.



(PKC-a). 9. The use according to claim8, wherein said agents are sel ected
fromthe group consisting of nucleic acids which reduce or inhibit the
expression of the protein kinase C-a gene, vectors containing said

nucl eic acid, host cells containing said vectors, substances which
inhibit or reduce the expression of pr3atein kinase Ca, substances which
inhibit the translocation of protein kinase C (x, antagonists of protein
ki nase C.a a IVIt and inhibitors of pro- tein kinase Ca activity. 10.
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sense orientation to a pronoter. 11. The use accor 6r

wherei n sai d (Ff&-@)c acid is selected fromthe group consisting of a) a

nucl eic acid coding for human protein kinase C-a, or a fragnent thereof;

b) a nucleic acid which is conplenmentary to the nucleic acid according to
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conpri ses at plre'aﬁm I&Jﬁaf,wtrt-%Qty%%ancEHseW@p'lﬁ(htht Jt@%Faréﬂad%‘t’@heBF pﬁig'&.’m

nore pref er% at. | east 200 nucl eoti des. . The use according t of
clainms 9 to Snerwi Ftegraiskuef er@tem:kmasg Cera DNV ityr, dﬂtlAmh]lzltorImf pme

accordi ng tOt@fWanEs&'Cﬁ&%%n%tgo 13, wherein said nucleic acid or fragnent
thereof is inserted Iin a vect under the control of at |east one ex-

10.  The use according to claim 9, wherein said nucleic acid can inhibit the
expression of the gene of human protein kinase C-a in a host cell in anti-

sense orientation to a promoter.

11.  The use according to claim 9 or 10, wherein said nucleic acid is selected

from the group consisting of

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

thereof;

D) 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) @ nucleic acid which has more than 80% homology with a nucleic acid

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



pression regulating elenent in antisense orientation thereto. 15. The use
according to claim 14, wherein said vector is a plasmd, cosmd,

bact eri ophage or virus. 16. The use according to claim 14 or 15, wherein
sai d expression regulating elenment is a pronoter, a ribosone binding
site, a signal sequence or a 3' trans@siption termnator. 17. The use
according to any of clains 14 to 16, wherein said vector is con- tained in
a host cell. 18. The use according to claim 17, wherein said host cell is
a mammal1Tel 1 The 8pcRGRrdingatanGipim &bl Whetein T4id frsement asfditegntoler] atin 9,

wherein said 1 i i ANkRLE r r es,the ressi on of
protein ki nas(z}m-gééihggg\rf]@z%ﬁdvgp Ellrébgge%r%ﬁeg?%%? Phis®e .””ﬁ%.o“ﬁﬁ‘éf e
accordi ng t o RefgraPhozt ighst @0A remiabtaesi vat or is a phorbol com pound. 21.
The use according to claim 20, wherein said phorbol conpound is 12-0-

t et radecanoyl phor bol - 13-acetate (TPA) or phorbol -12, 13-di butyrate (PDBu).
-36 22. the U aEeREPING dochry of $jaimise® ebnl Baivter¢ihi d¥id efudi&c atid is a
ant i body whi CEBNAro‘?aFﬁ{l/g with protein kinase C-a. 23. The use according to
claim 22, wherein said antibody is a nonoclonal or polyclonal antibody.
24. The use according to claim22 or 23, wherein said antibody is a

humani z ant ) - u cqrdin 0 aim9, wherein said,

i nhi bi tg(rj" ch$”£§9¥hae&§h%§§ﬁ8r 58" L Sate ]I?T %H]S'Eeéﬁ' Pald fuileie agid 26
The use accorfdigigenbtidrebfris2bsembaneianvebtuhobi id 86ntrs! $050RMEF Bhe il
The use accordiquﬁo C ein said antagonist is a derivative or

|l al.m 9, whe ! ]
anal ogue of prot rE?H‘&E‘E%‘%ﬁ”G@E!“ Hisense ieBadPngheestany of clains 1

to 7, wherein said agent which reduces
15.  The use according to claim 14, wherein said vector is a plasmid, cosmid,

bacteriophage or virus.

16. The use according to claim 14 or 15, wherein said expression regulating
element is a promoter, a ribosome binding site, a signal sequence or a 3'

transcription terminator.

17.  The use according to any of claims 14 to 16, wherein said vector is con-

tained in a host cell.

18. The use according to claim 17, wherein said host cell is a mammal cell,

especially a human ceil,

19. The use according to claim 9, wherein said substance which inhibits or
reduces the expression of protein kinase C-o is an activator of protein

Kinase C-o.

20.  The use according to claim 19, wherein said activator is a phorbol com-

pound.

21.  The use according to claim 20, wherein said phorbol compound is 12-0-

tetradecanoylphorbol-13-acetate (TPA) or phorbol-12,13-dibutyrate (PDBu).



or inhibits the expression and/or activity of protein kinase Ca is an
agent which at the sanme tinme reduces or inhibits the expression and/or
activity of protein kinase CP. 29. The use according to claim 28,
wherein said agent is cyclosporine A 30. The use according to any of
claims 1 to 27, wherein said agent whi@t -specifically reduces or inhibits
the expression and/or activity of protein kinase C-a is enployed in

conbi natjon with an agent which specifically re- duces or inhibits the
expr essi am%wssc%mrwgom seoePn Wienaipesaid BhitStor han useibaelgoweidhg

to claim 30, rehereivithSRHoteirdeMdsaMileh reduces or inhibits the expression
and/or activity of protein kinase G (3 is selected fromthe group

consi sting of nucleic acids which reduce or inhibit the expression of the
pr ot ei n 3 na 13e USR8 rdiheC .coptaining said nucleic. acid, host cells
cont ai nijr?g szliqhec\bjggt or sTd')sﬁgbﬁso?g%é@sa\%\h%erg'ﬁhf%'lgtaBtt‘b?%Vdﬂ%é’ fRnosiyize i on
of - 37 protRglyclenalaawitody. substances which inhibit the transl ocation of
protein kinase C 13, antagonists of protein kinase CE3 activity, and
inhibitors of pro- tein kinase C-p activity. 32. The use according to

cl ai m 324 wheihsi wse gicdonling &b claini d2ic 23| whtrdn fsaamehfiBod @hOHM GABSI-EHI Ng
of a) a nucl %in?ib%‘a;\:(d coding for human protein kinase C (3, or a fragnent
thereof; b) a nucléic acid which is conplenentary to the nucleic acid
according to a), or a fragnent thereof; c) a nucleic acid which is

obt ai nable b ' ' addition,. inversiaon .and/ or deletion of one or
nor e balszgé oﬁ%ﬂ%?%ﬁaﬁg ¥ gg%rsgi FELY 83idgphigytor C@‘F’”aﬁ tag pBasphory-

t her eof ; and latjorastatel ofiprotein kindsect-chas nore t han 80% honol ogy with a
nucleic acid according to a) through c¢), or a fragnent thereof. 33. The
use according to claim 32, wherein said fragnent of the nucleic acid
conpri s&§. at Theaste accardirigetut ¢ldies 25pmeferembiaid athibras s &RopHEFSOL i des,
nor e

27.  The use according to claim 9, wherein said antagonist is a derivative or
analogue of protein kinase C-a.

28.  The use according to any of claims 1 to 7, wherein said agent which reduces
or inhibits the expression and/or activity of protein kinase C-« is an agent

which at the same time reduces or inhibits the expression and/or activity of
protein kinase C-p.

29.  The use according to claim 28, wherein said agent is cyclosporine A,

30. The use according to any of claims 1 to 27, wherein said agent which

specifically reduces or inhibits the expression and/or activity of protein
kinase C-a is employed in combination with an agent which specifically re-

duces or inhibits the expression and/or activity of protein kinase C-B.

31.  The use according to claim 30, wherein said agent which reduces or inhibits
the expression and/or activity of protein kinase C-B 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



preferably at |east 200 nucl eotides. 34. The use according to any of
clainms 31 to 33, wherein said nucleic acid is a DNA or RNA. 35. The use
according to any of clainms 31 to 34, wherein said nucleic acid or

fragment thereof is inserted in a vector under the control of at |east one
ex- pression regulating elenment in antid¥ense orientation thereto. 36. The
use according to claim35, wherein said vector is a plasmd, cosmd,

bact eri ophage_or virus. -§8 37., The use according to claim35 or 36,

wher ei n said %5?6‘?'5's£(|r@ﬁer gul SYRFENCR dthieh inkiby Bhersersliocatian wdspmeein

bi ndi ng site, kinasé @] afRYHRN f L ot Lt j,nator. 38. The
use acgordi ng to _anyﬁof clai ﬁgcgg %rgt%%,k]%%pgicé}bg%\l”gﬂvée%{ ('tﬁh'%orﬁsoﬁgpm'
tained in a H&§t kingise C-Bactivity. use according to claim38, wherein said
host cell is a mammal cell, especially a human cell. 40. The use

according to claim 31, wherein said inhibitor is an antibody which reacts
wi th prctei n Rieuse accerding to Them izl vavereirdsag st aicnd d0selddelghshaiied

anti body is I |l 0 pol ycl onal anti body. 42. The use according to
claim40 or %@ﬁm@?gf%ﬁ“é‘aﬁgfd anti body is a humani zed antibody. 43. The

use according to claim 31, wherein said inhibitor changes the phos-

phoryl ation shatengf ' [ - 44, . The use according fo claim
31, wherein se%i d ant aeg{)%tcgdt Q:loiéli@age'f iq:]va ?Q/epré)rtemail](ma&&u 8# %Br gt é'laﬂ”kqnﬁase
C-p. 45. Use tberagents which reduce or inhibit the expression and/or
activity of protein kinase Ca (PKC-a) for the preparation of a

phar maceuti cal conposi- tion for the treatnent and/or prevention of

coronary heart) alnseéeacitwaian is domipldrméatay itothe PRICIIOBER aQEFHING 1),

di sease, stroke, .renal ,diseases involvin
ord fragmentcu]erecﬁ; g

¢) 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.

33. The use according to claim 32, wherein said fragment of the nucleic acid
comprises at least 10 nucleotides, preferably at least 50 nucleotides, more

preferably at least 200 nucleotides.

34. The use according to any of claims 31 to 33, wherein said nucleic acid is a
DNA or RNA,

35. The use according to any of claims 31 to 34, wherein said nucleic acid or
fragment thereof is inserted in a vector under the control of at least one ex-

pression regulating element in antisense orientation thereto.

36. The use according to claim 35, wherein said vector is a plasmid, cosmid,

bacteriophage or virus.




proteinuria, diabetic |late effects and/or cardi ovascul ar conplications in
pa- tients with diabetes nellitus, cardiovascul ar conplications in
patients with hypertension, and cardi ovascul ar conplications in patients
wi th hyperchol es- terolema. -39 46. The use according to claim45,
wherein said cardi ovascul ar conplicati-oygs- are coronary heart disease,
myocardi al infarction, peripheral occlusive dis- ease or stroke. 47. The
use accgﬂt;di ng_&\t)o claim45, wherein said diabetic |ate effects are diabetic
reti nopathy, UNABEE ecedingpae hyaian@dioakas, i wheephr epatdipredfon TRYuKtg

according to {4 erein _said agents are selected from the
gr oup consi st?%? 0 t 'ﬁﬁﬁ’éﬁ@%@aﬁﬂ%ﬁ%ﬂ‘% Qﬁﬁﬁ'&g SHS Andigne! sRRuengs essi 3

of the prot eimak$erigorCeaanygeater. vect ors cont ai ni ng sai d nucl ei ¢ acid, host
cells containing said vectors, substances which inhibit or reduce the
expres- sion of protein kinase Ca, substances which inhibit the

trans| ocHti onfyf useoacaoedingkinase & elairaftIEY eIt SwRErdi Qlgi r\‘feEhd"raiéec&i-a

activity, and_inhihitors, of, protein kinase C-a activity. 49. The use
accor di ng toqgfﬁam%%%o\ﬂ@?%i n said agents are antisense ol i gonu-
cl eotides of the gene coding for protein kinase Ca, tocopherol, phorbol

conpoun degivativ of. protein kinase C-a, or anal ogues of protein
ki nase (gf)é. gf&e itsghgfcr%g;g&t F%&?a’% oSVRETSIN 1581 st el dsnermaarmabcell,
preventi on ofespearabipar fukear delidi sease, nyocardi al infarction, peripheral

occl usi ve di sease, stroke, renal diseases involving proteinuria, diabetic
| ate effects and/or car- diovascular conplications in patients with

di abet estOel [THeusse Gacdidngsoudiaim 10MphéreM iSRS iHHbIBGH 1234 SnMHoly which
hypert ensi on,regptgnﬁgﬁdl ovasitér% ar éorrpl ica- tions in patients wth

hyper chol est ero . pé?)?ﬁﬁ?i 'Eﬁ& | east one agent which reduces or
inhibits the expression and/or activity of protein kinase C a (PKC-a) as

an acti § i ngredient, 51, Tk@ ghar maceuti cal caonposition according to
claim 50 'Wherhgi HS€ g0 (ﬂ@ﬂt laim 40, wherein said antibody is a monocional or

polyclonal antibody.

42.  The use according to claim 40 or 41, wherein said antibody is a humanized
antibody.

43. The use according to claim 31, wherein said inhibitor changes the phos-
phorylation state of protein kinase C-p.

44.  The use according to claim 31, wherein said antagonist is a derivative or
analogue of protein kinase C-B.

45. Use of agents which reduce or inhibit the expression and/or activity of
protein kinase C-a (PKC-a) for the preparation of a pharmaceutical composi-
tion for the treatment and/or prevention of coronary heart disease, myocar-
dial infarction, peripheral occlusive disease, stroke, renal diseases involving
proteinuria, diabetic late effects and/or cardiovascular complications in pa-
tients with diabetes mellitus, cardiovascular complications in patients with

hypertension, and cardiovascular complications in patients with hypercholes-
terotemia.



are selected fromthe group consisting of nucleic acids which reduce or

in- hibit the expression of the protein kinase C-a gene, vectors

contai ning said nucleic acid, host cells containing said vectors,
substances which inhibit or reduce the expression of protein kinase C a,
substances whi ch inhibit the -40 transl3gcation of protein kinase Ca,
antagoni sts of protein kinase Ca activ- ity, and inhibitors of protein
kinase G a activity. 52. The pharnaceutical conposition according to claim
51, wher®'n sHI® Us§eRt@rdingetastaigedse whdrgbneaideosidimesasatilarheorgpheatiadi ng

for protein ki ~ = o] .bol _.coppounds, , deri vatives of

pr ot gi n ki nas%ﬂé?fgr,oggﬁ gtr?grt nggg{é’ h}yog?%[‘@i 'Hf%cﬁgge p&flghe?j’_oc—pﬁ]@.we dis-
phar maceut i ca¢aseompelsdké.on accordi ng to any of claims 50 to 52, _
conprising at |east one further active ingredient. 54. The pharmaceuti cal
conposition according to claim53, wherein said further active ingredient

is an adbht wHiehsepecordinte ylairedifeshermrin nhihbdiasgm@:aate@ﬁd@t;@tspé Qg or

activity of ' ' e.&0. 55  The pharmaceutical conposition

accor di ng toprrceﬁhlﬁkggﬁ},’ rbﬁbeeftéq et RAT Y d'ﬁ'&ﬁ%ﬁ@@@ Yor inhibits the

expression and/or activity of protein kinase G(3 is E_el ect ﬁd fromthe
roup ¢ i Sty [ c.acids i, C educe. or _inhibit the expression

aroup oo SUHLGL RUGIRE LACL MELENS S CL LB s Lhe expr eest

host cells cdheagmiupgeaaistingeot Ausleicsadlas wWHESs redi & of Wi@!ttt_ht@r%ﬁﬁ'ésgklﬁe

e

th [ f tein. kinase G R _substances which inhibijt .
Lrans! ocat i ort o P EEITh N iee CIERe: HCorietaniis pris HAe AESe fosta

activ- ity, aellsiddhtdinire Sai@fveRtdtsebibdthRASLwidSind®it ¥ F¥duce the expres-
sion of protein kinase C-a, substances which inhibit the translocation of pro-
tein kinase C-a, antagonists of protein kinase C-« activity, and inhibitors of
protein kinase C-a activity.

49.  The use according to claim 48, wherein said agents are antisense oligonu-
cleotides of the gene coding for protein kinase C-a, tocopherol, phorbol
compounds, derivatives of protein kinase C-a, or analogues of protein

kinase C-a.

50. A pharmaceutical composition for the treatment and/or prevention of
coronary heart disease, myocardial infarction, peripheral occlusive disease,
stroke, renal diseases involving proteinuria, diabetic Iate effects and/or car-
diovascular complications in patients with diabetes mellitus, cardiovascular
complications in patients with hypertension, and cardiovascular complica-
tions in patients with hypercholesterolemia, comprising at least one agent

which reduces or inhibits the expression and/or activity of protein kinase C-
a (PKC-a) as an active ingredient,

51.  The pharmaceutical composition according to claim 50, wherein said agents
are selected from the group consisting of nucleic acids which reduce or in-
hibit 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 expression of protein kinase C-a, substances which inhibit the



52.

53.

54,

55.
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translocation of protein kinase C-q, antagonists of protein kinase C-a activ-

ity, and inhibitors of protein kinase C-o activity,

The pharmaceutical composition according to claim 51, wherein said agents
are antisense oligonuclectides of the gene coding for protein kinase C-a, to-
copherol, phorbol compounds, derivatives of protein kinase C-«, or ana-

logues of protein kinase C-c.

The pharmaceutical composition according to any of claims 50 to 52,

comprising at least one further active ingredient.

The pharmaceutical composition according to claim 53, wherein said further

active ingredient is an agent which specifically reduces or inhibits the ex-
pression and/or activity of protein kinase C-.

The pharmaceutical composition according to claim 54, wherein said agent
which reduces or inhibits the expression and/or activity of protein kinase C-p
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 nu-
cleic acid, host cells containing said Qectors, substances which inhibit or re-
duce the expression of protein kinase C-B, substances which inhibit the
translocation of protein kinase C-B, antagonists of protein kinase C-p activ-

ity, and inhibitors of protein kinase C-p activity.



