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Means for inhibiting the expression of protein kinase 3

The present invention is related to a double-stranded nucleic acid suitable to inhibit the

expression of protein kinase 3 (PKN 3) and use thereof

Oncogenesis was described by Foulds (Foulds, 1958) as a multistep biological process, which is
presently known to occur by the accumulation of genetic damage. On a molecular level, the
multistep process of tumorigenesis involves the disruption of both positive and negative
regulatory etfectors (Weinberg, 1989). The molecular basis for human colon carcinomas has
been postulated, by Vogelstein and coworkers (Fearon and Vogelstein, 1990), to involve a
number of oncogenes, tumor suppressor genes and repair genes. Similarly, defects leading to the
development of retinoblastoma have been linked to another tumor suppressor gene (Lee et al.,
1987). Still other oncogenes and tumor suppressors have been identified in a variety of other
malignancies. Unfortunately, there remains an inadequate number of treatable cancers, and the

etfects of cancer are catastrophic - over half a million deaths per year in the United States alone.

Cancer 1s fundamentally a genetic disease in which damage to cellular DNA leads to disruption
of the normal mechanisms that control cellular proliferation. Two of the mechanisms of action
by which tumor suppressors maintain genomic integrity is by cell arrest, thereby allowing for
repair of damaged DNA, or removal of the damaged DNA by apoptosis (Ellisen and Haber,
1998). Apoptosis, otherwise called "programmed cell death," is a carefully regulated network of
biochemical events which act as a cellular suicide program aimed at removing irreversibly
damaged cells. Apoptosis can be triggered in a number of ways including binding of tumor
necrosis factor, DNA damage, withdrawal of growth factors, and antibody cross-linking of Fas
receptors. Although several genes have been identified that play a role in the apoptotic process,
the pathways leading to apoptosis have not been fully elucidated. Many investigators have
attempted to 1dentify novel apoptosis-promoting genes with the objective that such genes would
atford a means to induce apoptosis selectively in neoplastic cells to treat lancer in a patient.

An alternative approach to treating cancer involves the suppression of angiogenesis with an

M

agent such as Endostatin'™ or anti-VEGF antibodies. In this approach, the objective 1s to prevent
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further vascularization of the primary tumor and potentially to constrain the size of metastatic

lesions to that which can support neoplastic cell survival without substantial vascular growth.

A particular group of cancer diseases are those cancer diseases which are aggressive in terms of
growth rate of the tumor, invasion into normal tissue, resistance to chemotherapy or other
conventional treatments and the formation of metastasis throughout the body. In the case of more
aggressive cancer, the cancer tissue is more different from the normal tissue and the tumor is
more hikely to spread. Therefore one objective in current cancer research is to develop agents

which are inhibiting tumor growth and/or reducing the spreading of cancer cells throughout the
body.

Detfinitions for what 1s an aggressive cancer disease may be taken from the homepage of the
National Cancer Institute which 1S
http.//www.cancer.gov/Templates/db_alpha.aspx?CdrID=46053. Also, for the description of the
aggressivity of a cancer disease, typically grading is used which is a system for classifying
cancer cells in terms of how abnormal they appear when examined under a microscope. The
objective of a grading system 1is to provide information about the probable growth rate of the
tumor and its tendency to spread. The systems used to grade tumors vary with each type of

cancer. Grading plays a role in treatment decisions.

Such grading systems are known to the ones skilled in the art. One of them is the Gleason score
which 1s a system of grading prostate cancer tissue based on how it looks under a microscope.
Gleason scores range from 2 to 10 and indicate how likely it is that a tumor will spread. A low
Gleason score means the cancer tissue is similar to normal prostate tissue and the tumor is less
likely to spread; a high Gleason score means the cancer tissue is very different from normal and

the tumor 1s more likely to spread.

PKN3 which is also referred to as protein kinase N beta or PKN beta, is a valuable target in
connection with cancer and tumours. As described in international patent application WO
2004/019973 protein kinase N beta is a downstream target of the PI-3 kinase/PTEN pathway
which 1s linked to tumorigenesis and metastasis. Particularly the latter effect seems to be strongly
related to the loss of suppressor function, more particularly PTEN tumour suppressor function.

As is shown in WO 2004/019973, protein kinase N beta will be up-regulated under conditions
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where PTEN which 1s an inhibitor to the PI-3 kinase pathway, is not active. Due to the up-
regulation of protein kinase N beta the cells where such up-regulation occurs, will show an
increase In metastatic behaviour and migrational behaviour. This means that an inhibitor of
protein kinase N beta 1s a suitable means for controlling metastatic and migrational behaviour of
cells and this 1s a suitable means for the treatment of tumors and cancers, more particularly those
tumors and cancers which are metastatic and the cells of which show a metastatic and/or

migrational behaviour.

There 1s an ongoing need in the art for means for the treatment of neoplastic diseases. There is
more specifically a need for a means suitable for those neoplastic diseases which are aggressive

and which show invasive behavior.
There 1s also a need for a mean suitable to affect angiogenesis, more specifically angiogenesis
involved in the pathological mechanism underlying a neoplastic disease. These needs define the

problem underlying the present invention.

The problem underlying the present invention is solved by the subject matter of the attached

independent claims. Preferred embodiments may be taken from the dependent claims.

The problem underlying the present invention is solved by a double-stranded nucleic acid

molecule,

- whereby the double-stranded structure comprises a first strand and a second strand,

- whereby the first strand comprises a first stretch of contiguous nucleotides and said first

stretch 1s at least partially complementary to a target nucleic acid, and

- whereby the second strand comprises a second stretch of contiguous nucleotides and said

second stretch 1s at least partially complementary to the first stretch, and

whereby the target nucleic acid is an mRNA coding for PKN3.
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More specifically, the problem underlying the present invention is solved in a first aspect by a

nucleic acid molecule comprising a double-stranded structure,

whereby the double-stranded structure comprises a first strand and a second strand,

whereby the first strand comprises a first stretch of contiguous nucleotides and said first

stretch 1s at least partially complementary to a target nucleic acid, and

whereby the second strand comprises a second stretch of contiguous nucleotides and said

second stretch 1s at least partially complementary to the first stretch,

whereby the first stretch comprises a nucleic acid sequence which is at least partially

complementary to a nucleotide core sequence of the nucleic acid sequence according to

SEQ.ID.No. 1 (NM 013355) or part thereof,

whereby the nucleotide core sequence comprises the nucleotide sequence

from nucleotide positions 482 to 500 of SEQ. ID.No. 1 (SEQ. ID.No. 2);
from nucleotide positions 1555 to 1573 of SEQ. ID.No. 1 (SEQ.ID.No. 4);
from nucleotide positions 1556 to 1574 of SEQ. ID.No. 1 (SEQ.ID.No. 6);
from nucleotide positions 1559 to 1577 of SEQ. ID.No. 1 (SEQ.ID.No. 8);
from nucleotide positions 1566 to 1584 of SEQ. ID.No. 1 (SEQ.ID.No. 10);
from nucleotide positions 2094 to 2112 of SEQ. ID.No. 1 (SEQ.ID.No. 12);
from nucleotide positions 2102 to 2120 of SEQ. ID.No. 1 (SEQ.ID.No. 14);
from nucleotide positions 2286 to 2304 of SEQ. ID.No. 1 (SEQ.ID.No. 16);
from nucleotide positions 2761 to 2779 of SEQ. ID.No. 1 (SEQ.ID.No. 18);
from nucleotide positions 2763 to 2781 of SEQ. ID.No. 1 (SEQ.ID.No. 20);
from nucleotide positions 2764 to 2782 of SEQ. ID.No. 1 (SEQ.ID.No. 22);
from nucleotide positions 2843 to 2861 of SEQ. ID.No. 1 (SEQ.ID.No. 24);
from nucleotide positions 2844 to 2862 of SEQ. ID.No. 1 (SEQ.ID.No. 26); or
from nucleotide positions 2846 to 2864 of SEQ. ID.No. 1 (SEQ.ID.No. 28),

preferably the nucleotide core sequence comprises the nucleotide sequence
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from nucleotide positions 1555 to 1573 of SEQ. ID.No. 1 (SEQ.ID.No. 4);
from nucleotide positions 1556 to 1574 of SEQ. ID.No. 1 (SEQ.ID.No. 6);
from nucleotide positions 1559 to 1577 of SEQ. ID.No. 1 (SEQ.ID.No. 8);
from nucleotide positions 1566 to 1584 of SEQ. ID.No. 1 (SEQ.ID.No. 10);
from nucleotide positions 2094 to 2112 of SEQ. ID.No. 1 (SEQ.ID.No. 12); or
from nucleotide positions 2286 to 2304 of SEQ. ID.No. 1 (SEQ.ID.No. 16),

whereby preferably the first stretch is additionally at least partially complementary to a region
preceding the 5’ end of the nucleotide core sequence and/or to a region following the 3’ end of

the nucleotide core sequence.

In an embodiment of the first aspect of the present invention the first stretch of the nucleic acid is

complementary to the nucleotide core sequence or a part thereof.

In an embodiment of the first aspect of the present invention the first stretch of the nucleic acid is
additionally complementary to the region following the 3’ end of the nucleotide core sequence

and/or to the region preceding the 5’ end of the nucleotide core sequence.

In an embodiment of the first aspect of the present invention the first stretch of the nucleic acid is
complementary to the target nucleic acid over 18 to 29 nucleotides, preferably 19 to 25

nucleotides and more preferably 19 to 23 nucleotides.

In a preferred embodiment of the first aspect of the present invention the nucleotides of the

nucleic acid are consecutive nucleotides.

In an embodiment of the first aspect of the present invention, the first stretch and/or the second
stretch of the nucleic acid comprises from 18 to 29 consecutive nucleotides, preferably 19 to 25

consecutive nucleotides and more preferably 19 to 23 consecutive nucleotides.

In an embodiment of the first aspect of the present invention the first strand of the nucleic acid
consists of the first stretch and/or the second strand of the nucleic acid consists of the second

stretch.
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The problem underlying the present invention is solved in a second aspect by a nucleic acid
molecule, preferably a nucleic acid molecule according to the first aspect, comprising a double-
stranded structure, whereby the double-stranded structure is formed by a first strand and a second
strand, whereby the first strand comprises a first stretch of contiguous nucleotides and the second
strand comprises a second stretch of contiguous nucleotides and whereby said first stretch is at

least partially complementary to said second stretch, whereby

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 3 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 2;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 5 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 4;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 7 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 6;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 9 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 8;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 11 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 10;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 13 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 12;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 15 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 14;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 17 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 16;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 19 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 18:;
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- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 21 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 20;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 23 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 22;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 25 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 24;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 27 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 26; or

the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 29 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 28;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 31 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 30;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 33 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 32;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 35 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 34;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 37 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 36;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 39 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 38;

preferably
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- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 5 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 4:

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 7 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 6;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 9 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 8:

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 11 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 10:

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 13 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 12;

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 17 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 16, or

- the first stretch consists of a nucleotide sequence according to SEQ.ID.No. 31 and

the second stretch consists of a nucleotide sequence according to SEQ.ID.No. 30:

In an embodiment of the first and the second aspect of the present invention the first stretch
and/or the second stretch of the nucleic acid molecule comprises a plurality of groups of
modified nucleotides having a modification at the 2’ position forming a regular, preferably
alternating, positional pattern, whereby within the stretch each group of modified nucleotides is
flanked on one or both sides by a flanking group of nucleotides, whereby the flanking
nucleotide(s) forming the flanking group of nucleotides is/are either an unmodified nucleotide or

a nucleotide having a modification different from the modification of the modified nucleotides.

In an embodiment of the first and the second aspect of the present invention the first stretch of
the nucleic acid and/or the second stretch of the nucleic acid comprises a pattern of groups of

modified nucleotides and/or a pattern of flanking groups of nucleotides.
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In an embodiment of the first and the second aspect of the present invention the first stretch of
the nucleic acid and/or the second stretch of the nucleic acid comprise at the 3’ end a

dinucleotide, whereby such dinucleotide 1s preferably TT.

In a preterred embodiment of the first and the second aspect of the present invention the length
of the first stretch of the nucleic acid and/or of the second stretch of the nucleic acid consists of

19 to 21 nucleotides.

In an embodiment of the first and the second aspect of the present invention the first and/or the

second stretch of the nucleic acid comprise an overhang of 1 to 5 nucleotides at the 3’ end.

In a preferred embodiment of the first and the second aspect of the present invention the length
of the double-stranded structure of the nucleic acid is from about 16 to 24 nucleotide pairs,

preferably 20 to 22 nucleotide pairs.

In an embodiment of the first and the second aspect of the present invention the first strand of the
nucleic acid and the second strand of the nucleic acid are covalently linked to each other,

preferably the 3’ end of the first strand is covalently linked to the 5’ end of the second strand.

In an embodiment of the first and the second aspect of the present invention the molecule of the
nucleic acid consists of each of the two following strands and whereby the underlined

nucleotides are 2’-O-methyl:

PKN3 (1):  agcugaagaucaaggaggg (SEQ. ID. No. 2)
ccecuccuugaucuucageu (SEQ. ID. No. 3)
PKN3 (2):  cuugaggacuuccuggaca (SEQ. ID. No. 4)
uguccaggaaguccucaag (SEQ. ID. No. 5)
PKN3 (3):  uugaggacuuccuggacaa (SEQ. ID. No. 6)
uuguccaggaaguccucaa (SEQ. ID. No. 7)
PKN3 (4): aggacuuccuggacaauge (SEQ. ID. No. 8)

gcauuguccaggaaguccu (SEQ. ID. No. 9)
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PKN3 (5):  ccuggacaaugccugucac
gugacaggcauuguccagg
PKN3 (6):  gggacacuuugggaagguc
gaccuucccaaagugucce
PKN3 (7):  uugggaagguccuccuggu
daccaggaggaccuucccaa
PKN3 (8):  cuccagccaugccugcuuu
daageaggeauggcuggag
PKN3 (9): auucagaagcuccuccaga
ucuggaggagcuucugaau
PKN3 (10): ucagaagcuccuccagaag
cuucuggaggageuucuga
PKN3 (11): cagaagcuccuccagaagu
acuucuggaggagcuucug
PKN3 (12): ucuucaggaccaccaacug
caguuggugguccugaaga
PKN3 (13): cuucaggaccaccaacugg
ccaguuggugguccugaag
PKN3 (14): ucaggaccaccaacuggca
ugecaguuggugguccuga
PKN3-23-vl: uuguccaggaaguccucaagucu

PKN3-23-v2:

PKN3-23-v3:

PKN3-23-v4:

PKN3-23-v5:

preferably

agacuugaggacuuccuggacaa

ggcauuguccaggaaguccucaa
uugaggacuuccuggacaaugee

auuguccaggaaguccucaaguc

gacuugaggacuuccuggacaau

cauuguccaggaaguccucaagu
acuugaggacuuccuggacaaug

gcauuguccaggaaguccucaag
cuugaggacuuccuggacaauge
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PKN3 (2):  cuugaggacuuccuggaca
uguccaggaaguccucaag
PKN3 (3):  uugaggacuuccuggacaa
uuguccaggaaguccucaa
PKN3 (4): aggacuuccuggacaaugc
geauuguccaggaaguccu
PKN3 (5):  ccuggacaaugccugucac
gugacaggcauuguccage
PKN3 (6):  gggacacuuugggaagguc
gaccuucccaaagugucce
PKN3 (8):  cuccagccaugccugcuuu
aaagcaggcaugocuggag
PKN3-23-vl:

The problem underlying the present invention is solved in a third aspect by a liposomal

uuguccaggaaguccucaagucu
agacuugaggacuuccuggacaa

11
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formulation comprising a nucleic acid according to the first or the second aspect.

The problem underlying the present invention is solved in a fourth aspect by a lipoplex

comprising a nucleic acid according to the first or the second aspect, and a liposome.

In a preferred embodiment of the fourth aspect of the present invention the liposome of the

lipoplex consists of

b)

a) about 50 mol% p-arginyl-2,3-diaminopropionic acid-N-palmityl-N-oleyl-
amide trihydrochloride, preferably (B-(L-arginyl)-2,3-L-diaminopropionic acid-N-

palmityl-N-oleyl-amide tri-hydrochloride);

about 48
(DPhyPE); and

to 49 mol%

1,2-diphytanoyl-sn-glycero-3-phosphoethanolamine
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C) about 1 to 2 mol% 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-
polyethylen-glycole, preferably N-(Carbonyl-methoxypolyethyleneglycol-2000)-

1,2-distearoyl-sn-glycero-3-phosphoethanolamine sodium salt.

In a more preferred embodiment of the fourth aspect of the present invention the zeta-potential of

the lipoplex 1s about 35 to 60 mV, preferably about 45 to 50 mV.

In an embodiment of the fourth aspect of the present invention the lipoplex has a size of about 50

to 400 nm, preferably of about 100 to 140 nm, and more preferably of about 110 nm to 130 nm,
as determined by QELS.

The problem underlying the present invention is solved in a fifth aspect by a vector, preferably
an expression vector, comprising or coding for a nucleic acid according to the first and the

second aspect.

The problem underlying the present invention is solved in a sixth aspect by a cell comprising a
nucleic acid according to any of the preceding aspects or vector according to any of the

preceding aspects.

The problem underlying the present invention is solved in a seventh aspect by a composition,
preferably a pharmaceutical composition, comprising a nucleic acid according to the first or the
second aspect, a liposomal formulation according to the third aspect, a lipoplex according to the

tourth aspect, a vector according to the fifth aspect and/or a cell according to the sixth aspect.

In a preferred embodiment of the seventh aspect of the present invention the composition is a
pharmaceutical composition optionally further comprising a pharmaceutically acceptable

vehicle.

In a more preferred embodiment of the seventh aspect of the present invention the composition is
a pharmaceutical composition and said pharmaceutical composition is for the treatment of an
angiogenesis-dependent disease, preferably a diseases characterized or caused by insufficient,

abnormal or excessive angiogenesis.
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In a most preferred embodiment of the seventh aspect of the present invention the angiogenesis
of the composition is angiogenesis of adipose tissue, skin, heart, eye, lung, intestines,

reproductive organs, bone and joints.

In an embodiment of the seventh aspect of the present invention the disease is selected from the
group comprising infectious diseases, autoimmune disorders, vascular malformation,
atherosclerosis, transplant arteriopathy, obesity, psoriasis, warts, allergic dermatitis, persistent
hyperplastic vitrous syndrome, diabetic retinopathy, retinopathy of prematurity, age-related
macular disease, choroidal neovascularization, primary pulmonary hypertension, asthma, nasal
polyps, 1nflammatory bowel and periodontal disease, ascites, peritoneal adhesions,
endometriosis, uterine bleeding, ovarian cysts, ovarian, ovarian hyperstimulation, arthritis,

synovitis, osteomyelitis, osteophyte formation.

In an embodiment of the seventh aspect of the present invention the pharmaceutical composition
1s for the treatment of a neoplastic disease, preferably a cancer disease, and more preferably a

solid tumor.

In an embodiment of the seventh aspect of the present invention the pharmaceutical composition
1s for the treatment of a disease selected from the group comprising bone cancer, breast cancer,
prostate cancer, cancer of the digestive system, colorectal cancer, liver cancer, lung cancer,
kidney cancer, urogenital cancer, pancreatic cancer, pituitary cancer, testicular cancer, orbital
cancer, head and neck cancer, cancer of the central nervous system and cancer of the respiratory

system.

The problem underlying the present invention is solved in an eighth aspect by use of a nucleic
acid according to the first or the second aspect, of a liposomal formulation according to the third
aspect, of a lipoplex according to the fourth aspect, of a vector according to the fifth aspect

and/or a cell according to the sixth aspect for the manufacture of a medicament.

In an embodiment of the eighth aspect of the present invention the medicament is used for the
treatment of any of the diseases as defined in connection with the seventh aspect of the present

invention.
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In a preferred embodiment of the eighth aspect of the present invention the medicament is used

in combination with one or several other therapies.

In a more preferred embodiment of the eighth aspect of the present invention the therapy is
selected from the group comprising chemotherapy, cryotherapy, hyperthermia, antibody therapy,

radiation therapy and anti-angiogenesis therapy.

In a most preferred embodiment of the eighth aspect of the present invention the therapy is
antibody therapy and more preferably an antibody therapy using an anti-VEGF antibody (such
as, €. g., the one provided by Genentech-Roche and marketed under the name of Avastin) or anti-

angiopoetin antibody.

In an embodiment of the eighth aspect of the present invention the anti-angiogenesis therapy
uses a kinase receptor inhibitor, preferably a tyrosine kinase receptor inhibitor, whereby such
receptor 1s selected from the group comprising VEGF receptor, PDGF receptor, Tie-2, FGFR
and EGFR. Examples for such kind of inhibitor are Sorafenib (Bayer) targeting VEGF-R and
PDGF-R, and the antibody Erbitux (Merck/serono) targeting EGFR. Both medicaments are

regarded as anti-angiogenic modalities.

In a preferred embodiment of the eighth aspect of the present invention the inhibitor is selected
from the group comprising siRNA, antisense molecules, aptamers, spiegelmers, high affinity

binding peptides, peptide aptamers, anticalines and antibodies.

In a preferred embodiment of the eighth aspect the medicament is used in combination with one

or several other therapies, preferably anti-tumor or anti-cancer therapies.

In a more preferred embodiment of the eighth aspect the therapy is selected from the group

comprising chemotherapy, cryotherapy, hyperthermia, antibody therapy and radiation therapy.

In an even more preferred embodiment of the eighth aspect the therapy is an antiagiogenic
therapy and more preferably an antibody therapy using an anti-VEGF or anti-angiopoetin

antibody.
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In a further preferred embodiment of the various aspects of the present invention the mRNA is a
human mRNA of PKN3. In an even more preferred embodiment the target nucleic acid is an

mRNA having a nucleic acid sequence in accordance with SEQ.ID.No.1.

As will be outlined in more detail herein, the nucleic acid molecules and the medicament and
formulation, respectively, containing the same, are particularly suitable to inhibit, or prevent or

treat invasive cancer, aggressive cancer and malignancies.

As preferably used herein, an invasive cancer is a cancer that has spread beyond the layer of
tissue in which 1t developed and is growing into surrounding, healthy tissues. Also called

infiltrating cancer.

As preterably used herein, an aggressive cancer is a quickly growing cancer.

As preferably used herein, a malignancy is a cancerous tumor that can invade and destroy nearby

tissue and spread to other parts of the body.

It 1s to be acknowledged by the ones skilled in the art that there may be one or several single
nucleotide changes in the mRNA in various individuals or groups of individuals, preferably in a
population, compared to the mRNA having the nucleotide sequence of SEQ.ID.No.1. Such
mRNA having one or several single nucleotide changes compared to the mRNA having a nucleic
acid sequence of SEQ.ID.No. 1 shall also be comprised by the term target nucleic acid as
preferably used herein. In a still further embodiment the nucleic acid molecule according to the
various aspects of the invention is suitable to inhibit the expression of PKN3 and the mRNA
coding thereof. More preferably such expression is inhibited by a mechanism which is referred to
as RNA 1nterference or post-transcriptional gene silencing. The siRNA molecule and RNAI
molecule respectively, according to the present invention is thus suitable to trigger the RNA
interference response resulting preferably in the knock-down of the mRNA for the target
molecule. Insofar, this kind of nucleic acid molecule is suitable to decrease the expression of a
target molecule by decreasing the expression at the level of mRNA. It will be acknowledged by
the one skilled 1n the art that there may be further mRNAs coding for PKN3 which shall also be

encompassed by the present application. More specifically, the particular nucleotide positions
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identified herein by reference to SEQ.ID.No. 1 can be identified in such further mRNAs by the
one skilled in the art based on the technical teaching provided herein.

It 15 also to be acknowledged that the double-stranded nucleic acid according to this aspect of the
present invention may have any of the designs described herein for this kind of nucleic acid
molecule. It 1s furthermore to be acknowledged that the mechanism described above is, in a
preterred embodiment also applicable to the nucleic acids disclosed herein in connection with the

various aspects and design principles also referred to herein as sub-aspects.

RNA interference refers to the process of sequence specific post-transcriptional gene silencing in
animals mediated by short interfering RNAs (siRNAs) (Fire et al., 1998). The corresponding
process in plants 1s commonly referred to as post-transcriptional gene silencing or RNA silencing
and 1s also referred to as quelling in fungi. The process of post-transcriptional gene silencing is
thought to be an evolutionarily-conserved cellular defence mechanism used to prevent the
expression of foreign genes which is commonly shared by diverse flora and phyla (Fire, 1998
#263). Such protection from foreign gene expression may have evolved in response to the
production of double-stranded RNAs (dsRNAs) derived from viral infection or the random
Integration of transposon elements into a host genome via a cellular response that specifically
destroys homologous single-stranded RNA or viral genomic RNA. The presence of dsRNA in
cells triggers the RNAI1 response though a mechanism that has yet to be fully characterized. This
mechanism which is also existing in animal cells and in particular also in mammalian cells,
appears to be different from the interferon response that results from dsRNA-mediated activation
of protein kinase PKR and 2’, 5’-oligoadenylate synthetase resulting in non-specific cleavage of

mRNA by ribonuclease L.

The basic design of siRNA molecules or RNAi molecules, which mostly differ in the size, is
basically such that the nucleic acid molecule comprises a double-stranded structure. The double-
stranded structure comprises a first strand and a second strand. More preferably, the first strand
comprises a first stretch of contiguous nucleotides and the second stretch comprises a second
stretch of contiguous nucleotides. At least the first stretch and the second stretch are essentially
complementary to each other. Such complementarity is typically based on Watson-Crick base
pairing or other base-pairing mechanism known to the one skilled in the art, including but not

limited to Hoogsteen base-pairing and others. It will be acknowledged by the one skilled in the
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art that depending on the length of such double-stranded structure a perfect match in terms of
base complementarity 1s not necessarily required. However, such perfect complementarity is
preferred in some embodiments. In a particularly preferred embodiment the complementarity
and/or 1dentity is at least 75%, 80%, 85%, 90% or 95%. In an alternative particularly preferred
embodiment, the complementarity and/or identity is such that the complement and/or identical
nucleic acid molecule hybridizes to one of the strands of the nucleic acid molecule according to
the present invention, more preferably to one of the two stretches under the following conditions:
1s capable of hybridizing with a portion of the target gene transcript under the following
conditions: 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C or 70°C hybridisation for
12 — 16 hours, followed by washing. Respective reactions conditions are, among others

described in European patent EP 1 230 375.

A mismatch 1s also tolerable, mostly under the proviso that the double-stranded structure is still
suitable to trigger the RNA interference mechanism, and that preferably such double-stranded
structure 1s still stably forming under physiological conditions as prevailing in a cell, tissue and
organism, respectively, containing or in principle containing such cell, tissue and organ. More
preferably, the double-stranded structure is stable at 37 °C in a physiological buffer. It will be
acknowledged by the ones skilled in the art that this kind of mismatch can preferably be
contained at a position within the nucleic acid molecule according to the present invention

different from the core region.

As preferably used herein, the term that a nucleic acid molecule or a stretch or part thereof is
partially complementary to a target nucleic acid molecule preferably means that if such target
nucleic acid 1s either directly or indirectly targeted by a RNA interference (mediating) nucleic
acid the complementarity between the target nucleic acid and said nucleic acid, stretch or part
thereof, or the double-stranded structure formed because of such complementarity, is capable of
triggering RNA interference. It will be understood that such complementarity requirement is not
restricted to the RNA interference mechanism but any mechanism which results in the down-
regulation or decrease in activity of a molecule such as a polypeptide encoded by the target
nucleic acid. In one embodiment, the nucleic acid molecule which is partially complementary to
another nucleic acid molecule comprises 1, 2, 3, 4 or 5 mismatches upon the base pairing of both
nucleic acid molecules. More preferably the double-stranded nucleic acid molecule thus formed

comprises 19 to 25 base pairs.
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The first stretch is typically at least partially complementary or at least partially identical to a
target nucleic acid and the second stretch is, particularly given the relationship between the first
and second stretch, respectively, in terms of base complementarity, at least partially identical or
at least partially complementary to the target nucleic acid. The target nucleic acid is preferably
an mRNA, although other forms of RNA such as hnRNAs are also suitable for the purpose of the
nucleic acid molecule as disclosed herein. As preferably used herein the target is PKN3 and the
target nucleic acid 1s more preferably the DNA or RNA which codes for PKN3, or a part thereof
provided that such part still has preferably at least the characteristic of the full-length PKN3 to

act as a kinase.

Although RNA 1nterference can be observed upon using long nucleic acid molecules comprising
several dozens and sometimes even several hundreds of nucleotides and nucleotide pairs,
respectively, shorter RNA1 molecules are generally preferred. A more preferred range for the
length of the first stretch and/or second stretch is from about 18 to 29 consecutive nucleotides,
preferably 19 to 25 consecutive nucleotides and more preferably 19 to 23 consecutive
nucleotides. More preferably, both the first stretch and the second stretch have the same length.
In a further embodiment, the double-stranded structure comprises preferably between 16 and 29,
preferably 18 to 25, more preferably 19 to 23 and most preferably 19 to 21 base pairs.

Although 1n accordance with the present invention, in principle, any part of the mRNA coding
for PKN3 can be used for the design of such siRNA molecule and RNAi molecule, respectively,
the present inventors have surprisingly found that the sequence starting with nucleotide positions
1555, 1556, 1559, 1566, 2094, 2286 of the mRNA of SEQ.ID.No. 1 having the nucleotide
sequence of SEQ.ID.No.l are particularly suitable to be addressed by RNA interference

mediating molecule(s).

More specifically, the present inventors have surprisingly found that although these sequences
and starting points are particularly preferred target sequence for expression inhibition of PKN3,
there 1s a core of nucleotides in the vicinity of these sequences which is particularly effective
insofar. This core is in one embodiment a sequence consisting of the about 9 to 11 last
nucleotides of the above specified nucleotide sequences. Starting therefrom, the core can be

extended such that a functionally active double-stranded nucleic acid molecule is obtained,
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whereby preferably functionally active means suitable to affect expression inhibition of PKN3.
For such purpose, the second stretch which is essentially identical to the corresponding part of
the mRNA, 1.e. the core sequence, 1s thus prolonged by one, preferably several nucleotides at the
5" end, whereby the thus added nucleotides are essentially identical to the nucleotides present in
the target nucleic acid at the corresponding positions. Also for such purpose, the first strand
which 1s essentially complementary to the target nucleic acid, is thus prolonged by one,
preferably several nucleotides at the 3’ end, whereby the thus added nucleotides are essentially
complementary to the nucleotides present in the target nucleic acid at the corresponding

positions, 1.e. at the 5’ end.

In accordance with this design principle, the core sequences according to the present invention

can be summarized as follows:

PKN3 (2): cuugaggacuuccuggaca (SEQ. ID. No. 4)
uguccaggaaguccucaag (SEQ. ID. No. 5)
PKN3 (3):  uugaggacuuccuggacaa (SEQ. ID. No. 6)
uuguccaggaaguccucaa (SEQ. ID. No. 7)
PKN3 (4): aggacuuccuggacaauge (SEQ. ID. No. 8)
gcauuguccaggaaguccu (SEQ. ID. No. 9)
PKN3 (5):  ccuggacaaugccugucac (SEQ. ID. No. 10)
gugacaggcauuguccagg (SEQ. ID. No. 11)
PKN3 (6):  gggacacuuugggaagguc (SEQ. ID. No. 12)
gaccuucccaaagugucce (SEQ. ID. No. 13)
PKN3 (8):  cuccagccaugccugcuuu (SEQ. ID. No. 16)
aaagcaggcauggecuggag (SEQ. ID. No. 17)

More preferably, the above strand of each double-stranded molecule is, in this representation, the

sense strand, whereas the lower strand is the antisense strand, both depicted in 5’->3’ direction.
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Even more preferably, in the sense strand every second nucleotide starting with the second
nucleotide 1s modified at the 2’ position to preferably be a 2’-0-Me modified nucleotide and in
the antisense strand every second nucleotide starting with the first nucleotide is modified at the
2’ position to preferably be a 2°-0-Me modified nucleotide. This kind of modification or regular
or spatial modification pattern can be realized in preferred embodiments on any nucleic acid

molecule according to the present invention.

In a further embodiment thereof, the core sequence is identical to the nucleotide sequence of the
second stretch of the double-stranded nucleic acid molecule according to the present invention
and the first stretch essentially complementary thereto. In a still further preferred embodiment,
the length of the double-stranded nucleic acid molecule according to the present invention is
within the limits disclosed herein in connection with the various aspects and sub-aspects,

respectively.

It will be acknowledged by the ones skilled in the art that the particular design of the siRNA
molecules and the RNAI1 molecules, respectively, can vary in accordance with the current and
future design principles. For the time being some design principles exist which shall be discussed
and disclosed in more detail in the following and which shall be referred to as sub-aspects or
sub-aspects of the first aspect of the nucleic acid molecule according to the present invention. It
1s within the present invention that all features and embodiments described for one particular
sub-aspect, 1.e. design of the nucleic acid, are also applicable to any other aspect and sub-aspect

of the nucleic acid according to the present invention and thus form respective embodiments
thereof.

The first sub-aspect is related to nucleic acid according to the present invention, whereby the
first stretch comprises a plurality of groups of modified nucleotides having a modification at the
2’ position, whereby within the stretch each group of modified nucleotides is flanked on one or
both sides by a flanking group of nucleotides, whereby the flanking nucleotide(s) forming the
flanking group(s) of nucleotides is either an unmodified nucleotide or a nucleotide having a
modification different from the modification of the modified nucleotides. Such design is, among
others described in international patent application WO 2004/015107. The nucleic acid
according to this aspect is preferably a ribonucleic acid although, as will be outlined in some

embodiments, the modification at the 2’ position results in a nucleotide which as such is, from a
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pure chemical point of view, no longer a ribonucleotide. However, it is within the present
invention that such modified ribonucleotide shall be regarded and addressed herein as a

ribonucleotide and the molecule containing such modified ribonucleotide as a ribonucleic acid.

In an embodiment of the ribonucleic acid according to the first sub-aspect of the present
invention the ribonucleic acid is blunt ended, either on one side or on both sides of the double-
stranded structure. In a more preferred embodiment the double-stranded structure comprises or
consists of 18 to 25, preferably 18 to 23 and more preferably 19, 21 or 23 base pairs, whereby
such double-stranded structure is preferably blunt ended. In an still even more preferred

embodiment, the nucleic acid consists of the first stretch and the second stretch only.

In a further embodiment of the ribonucleic acid according to the first sub-aspect of the present
invention said first stretch and/or said second stretch comprise a plurality of groups of modified
nucleotides. In a further preferred embodiment the first stretch also comprises a plurality of
flanking groups of nucleotides. In a preferred embodiment a plurality of groups means at least

two groups.

In another embodiment of the ribonucleic acid according to the first sub-aspect of the present
invention said second stretch comprises a plurality of groups of modified nucleotides. In a
turther preterred embodiment the second stretch also comprises a plurality of flanking groups of

nucleotides. In a preferred embodiment a plurality of groups means at least two groups.

In a further preferred embodiment both the first and the second stretch comprise a plurality of
both groups of modified nucleotides and flanking groups of nucleotides. In a more preferred
embodiment the plurality of both groups of modified nucleotides and flanking groups of
nucleotides form a pattern, preferably a regular and/or a repeating pattern, on either the first
stretch and/or the second stretch, whereby it is even more preferred that such pattern is formed

on both the first and the second stretch.

In a preferred embodiment of the ribonucleic acid according to the first sub-aspect of the present
invention the group of modified nucleotides and/or the group of flanking nucleotides comprises a
number of nucleotides whereby the number is selected from the group comprising one nucleotide

to 10 nucleotides. In connection with any ranges specified herein it is to be understood that each
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range discloses any individual integer between the respective figures used to define the range
including said two figures defining said range. In the present case the group thus comprises one
nucleotide, two nucleotides, three nucleotides, four nucleotides, five nucleotides, six nucleotides,

seven nucleotides, eight nucleotides, nine nucleotides and ten nucleotides.

In another embodiment of the ribonucleic acid according to the first sub-aspect of the present
invention the pattern of modified nucleotides of said first stretch is the same as the pattern of

modified nucleotides of said second stretch.

In a preferred embodiment of the ribonucleic acid according to the first sub-aspect of the present

invention the pattern of said first stretch aligns with the pattern of said second stretch.

In an alternative embodiment of the ribonucleic acid according to the first sub-aspect of the
present invention the pattern of said first stretch is shifted by one or more nucleotides relative to

the pattern of the second stretch.

In an embodiment of the ribonucleic acid according to the first sub-aspect of the present
invention the modification at the 2’ position is selected from the group comprising amino, fluoro,

methoxy, alkoxy and alkyl.

In another embodiment of the ribonucleic acid according to the first sub-aspect of the present

invention the double stranded structure is blunt ended.

In a preterred embodiment of the ribonucleic acid according to the first sub-aspect of the present
invention the double stranded structure is blunt ended on both sides of the double-stranded

structure.

In another embodiment of the ribonucleic acid according to the first sub-aspect of the present
invention the double stranded structure is blunt ended on the double stranded structure’s side

which is defined by the 5’-end of the first strand and the 3’-end of the second strand.
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In still another embodiment of the ribonucleic acid according to the first sub-aspect of the
present invention the double stranded structure is blunt ended on the double stranded structure’s

side which 1s defined by at the 3’-end of the first strand and the 5’-end of the second strand.

In another embodiment of the ribonucleic acid according to the first sub-aspect of the present

invention at least one of the two strands has an overhang of at least one nucleotide at the 5’-end.

In a preferred embodiment of the ribonucleic acid according to the first sub-aspect of the present

invention the overhang consists of at least one deoxyribonucleotide.

In a further embodiment of the ribonucleic acid according to the first sub-aspect of the present

Invention at least one of the strands has an overhang of at least one nucleotide at the 3’-end.

In an embodiment of the ribonucleic acid of the first sub-aspect the length of the double-stranded

structure 1s from about 17 to 23 and more preferably 18 or 19 bases or base pairs.

In another embodiment of the ribonucleic acid of the first sub-aspect the length of said first
strand and/or the length of said second strand is independently from each other selected from the
group comprising the ranges of from about 15 to about 23 bases, 17 to 21 bases and 18 or 19

bases or base pairs and more preferably 19, 21 or 23 base pairs.

In a preterred embodiment of the ribonucleic acid according to the first sub-aspect the present

invention the complementarity between said first strand and the target nucleic acid is perfect.

In an embodiment of the ribonucleic acid according to the first sub-aspect the duplex formed
between the first strand and the target nucleic acid comprises at least 15 nucleotides wherein
there 1s one mismatch or two mismatches between said first strand and the target nucleic acid

forming said double-stranded structure.

In an embodiment of the ribonucleic acid according to the first sub-aspect both the first strand
and the second strand each comprise at least one group of modified nucleotides and at least one
flanking group of nucleotides, whereby each group of modified nucleotides comprises at least

one nucleotide and whereby each flanking group of nucleotides comprising at least one
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nucleotide with each group of modified nucleotides of the first strand being aligned with a
flanking group of nucleotides on the second strand, whereby the most terminal 5° nucleotide of
the first strand is a nucleotide of the group of modified nucleotides, and the most terminal 3’

nucleotide of the second strand is a nucleotide of the flanking group of nucleotides.

In a preterred embodiment of the ribonucleic acid according to of the first sub-aspect, each group
of modified nucleotides consists of a single nucleotide and/or each flanking group of nucleotides

consists of a single nucleotide.

In a further embodiment of the ribonucleic acid according to of the first sub-aspect, on the first
strand the nucleotide forming the flanking group of nucleotides is an unmodified nucleotide
which is arranged in a 3’ direction relative to the nucleotide forming the group of modified
nucleotides, and wherein on the second strand the nucleotide forming the group of modified
nucleotides 1s a modified nucleotide which is arranged in 5’ direction relative to the nucleotide

forming the flanking group of nucleotides.

In a another embodiment of the ribonucleic acid according to the first sub-aspect, the first strand
comprises eight to twelve, preferably nine to thirteen, groups of modified nucleotides, and
wherein the second strand comprises seven to thirteen, preferably eight to ten, groups of

modified nucleotides.

It 1s within the present invention that what has been specified above is also applicable to the first
and second stretch, respectively. This is particular true for those embodiments where the strand

consists of the stretch only.

The nibonucleic acid molecule according to such first sub-aspect may be designed is to have a
free 5” hydroxyl group, also referred to herein as free 5° OH-group, at the first strand. A free 5°
OH-group means that the most terminal nucleotide forming the first strand is present and is thus
not modified, particularly not by an end modification. Typically, the terminal 5’-hydroxy group
of the second strand, respectively, is also present in an unmodified manner. In a more preferred
embodiment, also the 3 -end of the first strand and first stretch, respectively, is unmodified such
as to present a free OH-group which is also referred to herein as free 3’ OH-group, whereby the

design of the 5’ terminal nucleotide is the one of any of the afore-described embodiments.



CA 02658550 2009-01-20
WO 2008/009477 PCT/EP2007/006492

25

Preferably such free OH-group is also present at the 3°-end of the second strand and second
stretch, respectively. In other embodiments of the ribonucleic acid molecules as described
previously according to the present invention the 3’-end of the first strand and first stretch,
respectively, and/or the 3'-end of the second strand and second stretch, respectively, may have

an end modification at the 3’ end.

As used herein the terms free 5°’OH-group and 3’ OH-group also indicate that the respective most
terminal nucleotide at the 5’end and the 3” end of the polynucleotide, respectively, i.e. either the
nucleic acid or the strands and stretches, respectively, forming the double-stranded structure
present an OH-group. Such OH-group may stem from either the sugar moiety of the nucleotide,
more preferably from the 5’position in case of the 5’OH-group and from the 3’position in case of
the 3°’OH-group, or from a phosphate group attached to the sugar moiety of the respective
terminal nucleotide. The phosphate group may in principle be attached to any OH-group of the
sugar moiety of the nucleotide. Preferably, the phosphate group is attached to the 5’OH-group of
the sugar moiety in case of the free 5’OH-group and/or to the 3’OH-group of the sugar moiety in
case of the free 3’ OH-group still providing what is referred to herein as free 5’ or 3> OH-group.

As used herein with any embodiment of the first sub-aspect, the term end modification means a
chemical entity added to the most 5° or 3’ nucleotide of the first and/or second strand. Examples
for such end modifications include, but are not limited to, inverted (deoxy) abasics, amino,
fluoro, chloro, bromo, CN, CF, methoxy, imidazole, caboxylate, thioate, C; to C;o lower alkyl,
substituted lower alkyl, alkaryl or aralkyl, OCF3, OCN, O-, S-, or N-alkyl; O-, S-, or N-alkenyl;
SOCHj3; SO,CHj; ONO,; NO,, Nj; heterozycloalkyl; heterozycloalkaryl; aminoalkylamino;
polyalkylamino or substituted silyl, as, among others, described in' European patents EP 0 586
520 B1 or EP 0 618 925 B1.

As used herein, alkyl or any term comprising “alky]l” means any carbon atom chain comprising 1

to 12, preferably 1 to 6 and more, preferably 1 to 2 C atoms.

A turther end modification is a biotin group. Such biotin group may preferably be attached to
either the most 5’ or the most 3’ nucleotide of the first and/or second strand or to both ends. In a
more preferred embodiment the biotin group is coupled to a polypeptide or a protein. It is also

within the scope of the present invention that the polypeptide or protein is attached through any
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of the other atorementioned end modifications. The polypeptide or protein may confer further
characteristics to the inventive nucleic acid molecules. Among others the polypeptide or protein
may act as a ligand to another molecule. If said other molecule is a receptor the receptor’s
function and activity may be activated by the binding ligand. The receptor may show an
internalization activity which allows an effective transfection of the ligand bound inventive
nucleic acid molecules. An example for the ligand to be coupled to the inventive nucleic acid

molecule 1s VEGF and the corresponding receptor is the VEGF receptor.

Various possible embodiments of the RNAI of the present invention having different kinds of

end modification(s) are presented in the following table 1.

Table 1: Various embodiments of the interfering ribonucleic acid according to the present

invention
1% strand/1%' stretch 2™  strand/ 2nd
stretch

1.) 5°-end free OH free OH

3 -end free OH free OH
2.) S -end free OH free OH

3°-end end modification end modification
3.)5-end free OH free OH

3’-end free OH end modification
4.) 5-end free OH free OH

3’-end end modification free OH
S.) S"-end free OH end modification

3-end free OH free OH

6.) S-end free OH end modification
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3°-end end modification free OH
7.) S"-end free OH end modification
3’-end free OH end modification
8.) 5°-end free OH end modification
3’-end end modification end modification

The various end modifications as disclosed herein are preferably located at the ribose moiety of a
nucleotide of the ribonucleic acid. More particularly, the end modification may be attached to or
replace any of the OH-groups of the ribose moiety, including but not limited to the 2°’OH, 3°’OH
and 5’OH position, provided that the nucleotide thus modified is a terminal nucleotide. Inverted
abasics are nucleotides, either desoxyribonucleotides or ribonucleotides which do not have a

nucleobase moiety. This kind of compound is, among others, described in (Sternberger et al.,
2002).

Any of the atorementioned end modifications may be used in connection with the various
embodiments of RNAIi depicted in table 1. In connection therewith it is to be noted that any of
the RNAi1 forms or embodiments disclosed herein with the sense strand being inactivated,
preferably by having an end modification more preferably at the 5’ end, are particularly
advantageous. This arises from the inactivation of the sense strand which corresponds to the
second strand of the ribonucleic acids described herein, which might otherwise interfere with an
unrelated single-stranded RNA in the cell. Thus the expression and more particularly the
translation pattern of the transcriptome of a cell is more specifically influenced. This effect is
also referred to as off-target effect. Referring to table 1 those embodiments depicted as
embodiments 7 and 8 are particularly advantageous in the above sense as the modification results
In an inactivation of the — target unspecific — part of the RNAi (which is the second strand) thus
reducing any unspecific interaction of the second strand with single-stranded RNA in a cellular
or similar system where the RNAIi according to the present invention is going to be used to

knock down specific ribonucleic acids and proteins, respectively.

In a further embodiment, the nucleic acid according to the first sub-aspect has an overhang at the

5’-end of the ribonucleic acid. More particularly, such overhang may in principle be present at
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either or both the first strand and second strand of the ribonucleic acid according to the present
invention. The length of said overhang may be as little as one nucleotide and as long as 2 to 8
nucleotides, preferably 2, 4, 6 or 8 nucleotides. It is within the present invention that the 5’
overhang may be located on the first strand and/or the second strand of the ribonucleic acid
according to the present application. The nucleotide(s) forming the overhang may be (a)

desoxyribonucleotide(s), (a) ribonucleotide(s) or a continuation thereof.

The overhang preferably comprises at least one desoxyribonucleotide, whereby said one
desoxyribonucleotide is preferably the most 5'-terminal one. It is within the present invention
that the 3"-end of the respective counter-strand of the inventive ribonucleic acid does not have an
overhang, more preferably not a desoxyribonucleotide overhang. Here again, any of the
inventive ribonucleic acids may comprise an end modification scheme as outlined in connection

with table 1 and/or and end modification as outlined herein.

Taken the stretch of contiguous nucleotides a pattern, preferably a regular and/or repeating
pattern of modification(s) of the nucleotides forming the stretch may be realised in an
embodiment such that a single nucleotide or group of nucleotides which are covalently linked to
each other via standard phosphorodiester bonds or, at least partially, through phosphorothioate
bonds, show such kind of modification. In case such nucleotide or group of nucleotides which is
also referred to herein as group of modified nucleotides, is not forming the 5’-end or 3’-end of
said stretch a nucleotide or group of nucleotides follows on both sides of the nucleotide which
does not have the modification of the preceding nucleotide or group of nucleotides. It is to be
noted that this kind of nucleotide or group of nucleotides, however, may have a different
modification. This kind of nucleotide or group of nucleotides is also referred to herein as the
flanking group of nucleotides. This sequence of modified nucleotide and group of modified
nucleotides, respectively, and unmodified or differently modified nucleotide or group of
unmodified or differently modified nucleotides may be repeated one or several times. Preferably,
the sequence is repeated more than one time. For reason of clarity the pattern is discussed in
more detail in the following, generally referring to a group of modified nucleotides or a group of
unmodified nucleotides whereby each of said group may actually comprise as little as a single
nucleotide. Unmodified nucleotide as used herein means either not having any of the afore-

mentioned modifications at the nucleotide forming the respective nucleotide or group of
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nucleotides, or having a modification which is different from the one of the modified nucleotide

and group of nucleotides, respectively.

It 1s also within the present invention that the modification of the unmodified nucleotide(s)
wherein such unmodified nucleotide(s) is/are actually modified in a way different from the
modification of the modified nucleotide(s), can be the same or even different for the various
nucleotides forming said unmodified nucleotides or for the various flanking groups of

nucleotides.

The pattern of modified and unmodified nucleotides may be such that the 5°-terminal nucleotide
of the strand or of the stretch starts with a modified group of nucleotides or starts with an
unmodified group of nucleotides. However, in an alternative embodiment it is also possible that

the 5'-terminal nul€otide is formed by an unmodified group of nucleotides.

This kind of pattern may be realised either on the first stretch or the second stretch of the
interfering RNA or on both. It has to be noted that a 5' phosphate on the target-complementary
strand of the siRNA duplex is required for siRNA function, suggesting that cells check the
authenticity of siRNAs through a free 5 OH (which can be phosphorylated) and allow only such
bona fide siRNAs to direct target RNA destruction (Nykanen et al., 2001).

Preferably, the first stretch shows a kind of pattern of modified and unmodified groups of
nucleotides, 1. €. of group(s) of modified nucleotides and flanking group(s) of nucleotides,
whereas the second stretch does not show this kind of pattern or does not show a pattern at all.
This may be useful insofar as the first stretch is actually the more important one for the target-
specific degradation process underlying the interference phenomenon of RNA so that for
specificity reasons the second stretch can be chemically modified so it is not functional in

mediating RNA interference.

However, it 1s also within the present invention that both the first stretch and the second stretch
have this kind of pattern. Preferably, the pattern of modification and non-modification is the

same for both the first stretch and the second stretch.
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In a preferred embodiment the group of nucleotides forming the second stretch and
corresponding to the modified group of nucleotides of the first stretch are also modified whereas
the unmodified group of nucleotides of or forming the second stretch correspond to the
unmodified group of nucleotides of or forming the first stretch. Another alternative is that there
Is a phase shift of the pattern of modification of the first stretch and first strand, respectively,
relative to the pattern of modification of the second stretch and second strand, respectively.
Preferably, the shift is such that the modified group of nucleotides of the first strand corresponds
to the unmodified group of nucleotides of the second strand and vice versa. It is also within the
present invention that the phase shift of the pattern of modification is not complete but

overlapping.

In a preferred embodiment the second nucleotide at the terminus of the strand and stretch,
respectively, 1s an unmodified nucleotide or the beginning of group of unmodified nucleotides.
Preferably, this unmodified nucleotide or unmodified group of nucleotides is located at the 5’-
end of the first and second strand, respectively, and even more preferably of the first strand. In a
further preferred embodiment the unmodified nucleotide or unmodified group of nucleotide is
located at the 5°-end of the first strand and first stretch, respectively. In a preferred embodiment

the pattern consists of alternating single modified and unmodified nucleotides.

In a further preferred embodiment of this aspect of the present invention the interfering
ribonucleic acid subject comprises two strands, whereby a 2’-O-methyl modified nucleotide and
a non-modified nucleotide, preferably a nucleotide which is not 2’-O-methyl modified, are
incorporated on both strands in an alternate manner which means that every second nucleotide is
a 2’-O-methyl modified and a non-modified nucleotide, respectively. This means that on the first
strand one 2°-O-methyl modified nucleotide is followed by a non-modified nucleotide which in
turn 1s followed by 2°-O-methyl modified nucleotide and so on. The same sequence of 2’-O-
methyl modification and non-modification exists on the second strand, whereby there is
preferably a phase shift such that the 2’-O-methyl modified nucleotide on the first strand base
pairs with a non-modified nucleotide(s) on the second strand and vice versa. This particular
arrangement, 1. €. base pairing of 2’-O-methyl modified and non-modified nucleotide(s) on both
strands 1s particularly preferred in case of short interfering ribonucleic acids, i. e. short base
paired double-stranded ribonucleic acids because it is assumed, although the present inventors do

not wish to be bound by that theory, that a certain repulsion exists between two base-pairing 2’-
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O-methyl modified nucleotides which would destabilise such duplex, preferably short duplexes.
About the particular arrangement, it is preferred if the antisense strand starts with a 2°-O-methyl
modified nucleotide at the 5’ end whereby consequently the second nucleotide is non-modified,
the third, fifth, seventh and so on nucleotides are thus again 2’-O-methyl modified whereas the
second, fourth, sixth, eighth and the like nucleotides are non-modified nucleotides. Again, not
wishing to be bound by any theory, it seems that a particular importance may be ascribed to the
second, and optionally fourth, sixth, eighth and/or similar position(s) at the 5’ terminal end of the
antisense strand which should not comprise any modification, whereas the most 5’ terminal
nucleotide, 1. e. the first 5’ terminal nucleotide of the antisense strand may exhibit such
modification with any uneven positions such as the first, optionally third, fifth and similar
position(s) at the antisense strand may be modified. In further embodiments the modification and
non-modification, respectively, of the modified and non-modified nucleotide(s), respectively,
may be anyone as described herein. In a more specific embodiment, the double-stranded nucleic
acild molecule according to the present invention consists of a first strand of 19, 21 or 23
consecutive nucleotides and a second strand of 19, 21 or 23 consecutive nucleotides, whereby
the first strand and the second strand are essentially complementary to each other. Furthermore,
in said more specific embodiment the double-stranded structure is blunt-ended at both end. The
first strand which is essentially complementary to the target nucleic acid, i.e. an mRNA coding
for PKN3, starts at the 5’ end with a nucleotide which is methylated at the 2’OH group forming a
2’0-Me group. Every second nucleotide of this first strand has the same modification, i.e. is
methylated at the 2° OH group. Thus, the first, third, fifth and so on, i.e. any uneven nucleotide
position of the first strand 1s modified in such a way. The nucleotides at the even positions of the
first strand are either non-modified nucleotides or modified nucleotides, whereby the
modification 1s different from the modification of the nucleotides at the uneven nucleotide
positions of the first strand. The second strand also preferably comprising 19, 21 or 23
nucleotides, has a modified nucleotide at the second, fourth, sixth and so on, i.e. at any even
nucleotide position. Any of the other nucleotides are non-modified nucleotides or modified
nucleotides, whereby the modification is different from the modification of the nucleotides at the
even nucleotide positions of the first strand. Therefore the second strand starts at the 5° end with
a non-modified nucleotide in the above sense. In a more preferred embodiment, the modification
of the modified nucleotides of the first and the second strand is the same and the modification of
the non-modified nucleotides of the first and the second strand is also the same. In a preferred

embodiment the 5’ end of the antisense 1. e. the first strand has a OH-group which preferably
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may be phosphorylated in a cell, preferably in a target cell, where the nucleic acid molecule of
the present invention is to be active or functional, or has a phosphate group. The 5’ end of the
sense strand, 1. e. the second strand, i1s preferably also modified, more preferably modified as

disclosed herein. Any or both of the 3’ ends have, in an embodiment a terminal phosphate.

It 1s within the present invention that the double-stranded structure is formed by two separate
strands, 1.€. the first and the second strand. However, it is also with in the present invention that
the first strand and the second strand are covalently linked to each other. Such linkage may occur
between any of the nucleotides forming the first strand and second strand, respectively.
However, 1t 1s preferred that the linkage between both strands is made closer to one or both ends
of the double-stranded structure. Such linkage can be formed by covalent or non-covalent
linkages. Covalent linkage may be formed by linking both strands one or several times and at
several positions, respectively, by a compound selected from the group comprising methylene
blue and bifunctinoal groups. Such bifunctional groups are preferably selected from the group
comprising bis(2-chloroethyl)amine, N-acetly-N’-(p-glyoxylbenzoyl)cystamine, 4-thiouracil and

psoralene.

In a further embodiment of the ribonucleic acid according to any of the first sub-aspects of the

present invention the first strand and the second strand are linked by a loop structure.

In a preferred embodiment of the ribonucleic acid according to the first sub-aspects of the

present invention the loop structure is comprised of a non-nucleic acid polymer.

In a preferred embodiment thereof the non-nucleic acid polymer is polyethylene glycol.

In an embodiment of the ribonucleic acid according to any of the first sub-aspects of the present

invention the 5 -terminus of the first strand is linked to the 3’-terminus of the second strand.

In a further embodiment of the ribonucleic acid according to any of the aspects of the present

invention the 3 -end of the first strand is linked to the 5’-terminus of the second strand.

In an embodiment the loop consists of a nucleic acid. As used herein, LNA as described in

Elayadi and Corey (Elayadi et al., 2001); (Orum and Wengel, 2001); and PNA are regarded as
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nucleic acids and may also be used as loop forming polymers. Basically, the 5’-terminus of the
first strand may be linked to the 3’-terminus of the second strand. As an alternative, the 3’-end of
the first strand may be linked to the 5’-terminus of the second strand. The nucleotide sequence
forming said loop structure is regarded as in general not being critical. However, the length of
the nucleotide sequence forming such loop seems to be critical for sterical reasons. Accordingly,
a minimum length of four nucleotides seems to be appropriate to form the required loop
structure. In principle, the maximum number of nucleotides forming the hinge or the link
between both stretches or strands to be hybridised is not limited. However, the longer a
polynucleotide is, the more likely secondary and tertiary structures are formed and thus the
required orientation of the stretches affected. Preferably, a maximum number of nucleotides
forming the hinge is about 12 nucleotides. It is within the disclosure of this application that any
of the designs described above may be combined with any of the other designs disclosed herein
and known in the art, respectively, i. e. by linking the two strands covalently in a manner that a

back tolding can occur through a loop structure or similar structure.

The present inventors have surprisingly found that if the loop is placed 3’ of the antisense strand,
1. €. the first strand of the ribonucleic acid(s) according to the present invention, the activities of
this kind of RNAI1 are higher compared to the placement of the loop 5’ of the antisense strand.
Accordingly, the particular arrangement of the loop relative to the antisense strand and sense
strand, 1. €. the first strand and the second strand, respectively, is crucial and is thus in contrast to
the understanding as expressed in the prior art where the orientation is said to be of no relevance.
However, this seems not true given the experimental results presented herein. The understanding
as expressed in the prior art is based on the assumption that any RNALI is subject to a processing
during which non-loop linked RNAi is generated. However, if this was the case, the clearly
observed increased activity of those structures having the loop placed 3’ of the antisense could
not be explained. Insofar a preferred arrangement in 5° — 3’ direction of this kind of small
interfering RNAI is second strand - loop - first strand. The respective constructs may be
incorporated into suitable vector systems. Preferably the vector comprises a promoter for the
expression of RNAI1. Preferably the respective promoter is pol III and more preferably the

promoters are the U6, H1, 7SK promoter as described in Good et al. (Good et al., 1997).

The second sub-aspect of the first aspect of the present invention is related to a nucleic acid

according to the present invention, whereby first stretch and/or the second stretch comprise at the
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3’ end a dinucleotide, whereby such dinucleotide is preferably TT. In a preferred embodiment,
the length of the first stretch and/or of the second stretch consists of either 19 or 21 or 23
nucleotides and more preferably the double-stranded structure comprises 18 to 22 and more
preferably 19 to 21 base pairs. The design of the nucleic acid in accordance with this sub-aspect

1s described in more detail in e.g., in international patent application WO 01/75164.

The third sub-aspect of the first aspect of the present invention is related to a nucleic acid
according to the present invention, whereby the first and/or the second stretch comprise an
overhang of 1 to 5 nucleotides at the 3 end. The design of the nucleic acid in accordance with
this sub-aspect 1s described in more detail in international patent application WO 02/44321.
More preferably such overhang is a ribonucleic acid. In a preferred embodiment each of the
strands and more preterably each of the stretches as defined herein has a length from 19 to 25
nucleotides, whereby more preferably the strand consists of the stretch. In a preferred
embodiment, the double-stranded structure of the nucleic acid according to the present invention
comprises 17 to 25 base pairs, preferably 19 to 23 base pairs more preferably 19, 21 or 23 base

pairs.

The fourth sub-aspect of the first aspect of the present invention is related to a nucleic acid
according to the present invention, whereby the first and/or the second stretch comprise an

overhang of 1 to 5 nucleotides at the 3’ end. The design of the nucleic acid in accordance with

this sub-aspect 1s described in WO 02/44321.

In a fifth sub-aspect of the first aspect of the present invention the nucleic acid according to the
present invention 1s a double-stranded nucleic acid which is a chemically synthesized double-
stranded short interfering nucleic acid (siNA) molecule which directs cleavage of a CD31
mRNA, preferably via RNA interference, wherein each strand of said siNA molecule is 18 to 27
or 19 to 29 nucleotides 1n length and said siNa molecule comprises at least one chemically
modified nucleotide non-nucleotide. The design of the nucleic acid in accordance with this sub-
aspect 1s described in more detail in international patent application W003/070910 and UK
patent 2 397 062.

In one embodiment thereof the siINA molecule comprises no ribonucleotides. In another

embodiment, the siNA molecule comprises one or more nucleotides. In another <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>