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particular for the treatment of cancer, metastases, disease of the nervous system or immunosuppression, wherein said oligonucleotide
hybridizes with a messenger RNA of a TGF-beta2, TGF-betal, TGF-beta3, VEGF, interleukin- 10, c-jun, c-fos and/or prostaglandin
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Dosage of Oligonucleotides

Field of invention

The present invention is directed towards the preparation of a pharmaceutical
composition for the prophylaxis and/or treatment of diseases that are modulated by
TGF-betal, TGF-beta2, TGF-beta3, VEGF, interleukin-10, c-jun, c-fos and/or
prostaglandin E2 gene.

Introduction

An overall feature of pharmaceutical substances is their increasing efficacy
accompanied by an increase in amounts being administered. Particular substances
used in tumor therapy show a strong correlation between the total amount
administered and the inhibition of tumor growth.

Additionally, cellular uptake is a limiting factor for the efficacy of “in vivo”
administration of oligonucleotides, where conventionally high concentrations and high
amounts of oligonucleotides are administered to inhibit the production of the
respective protein.

Nevertheless, the clinical success of these substances is limited since an increase in
the concentration and the total amount of these substances, which can be administered
to a mammal suffering from tumor metastases, nerval disease and
immunosuppression, is correlated with a strong increase in severe side effects and
toxicity.

Up till now for the therapy of cancer, metastases, disease of the nervous system and
immunosuppression there are no results of clinical trials giving evidence of the
amount of oligonucleotides that are successful in tumor therapy.

EP 1008 649 and EP 0695354 teach that oligonucleotides hybridizing with the mRNA
of TGF-beta 1 and/or TGF-beta 2 can be used for manufacturing
pharmaceutical compositions. EP 1 089 764 further teaches that inhibitors of
substances negatively effecting the immune system in combination with
oligonucleotides hybridizing with the mRNA of TGF-beta, VEGF, interleukin 10, and
prostaglandin E2 and their respective receptors can be used for manufacturing a
pharmaceutical composition as well. But these patents offer a wide range of
concentrations in which the oligonucleotides can be administered.

The results of toxicological studies in mammals showed that it is possible to administer
high amounts of oligonucleotides to inhibit the production of the respective targets
without toxicological side effects (see Examples 1, 2, 3 and Schlingensiepen, R. et al,
2005). Consequently, it would have been obvious to administer high concentrations and
high amounts of oligonucleotides to inhibit the targets involved in the therapy of cancer,
metastases, disease of the nervous system and immunosuppression.

Summary of the invention

Surprisingly, we recognized during clinical trials, that pharmaceutical compositions
containing at least one oligonucleotide in lower concentration and/or administered with
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lower daily amounts inhibit tumor growth faster and with less symptoms during disease
progression than the higher concentrations and/or higher daily amounts.

Additionally these concentrations or daily amounts were 10 to 50 fold lower than the
maximal concentration tested in toxicological studies without severe side effects (see
also figure 4).

That at least one oligonucleotide used for manufacturing a pharmaceutical preparation
of this invention has a concentration of about 1 microM to about 25 microM and a
length of about 8 to about 30 nucleotide building blocks, is administered for the
prophylaxis and/or treatment of diseases that are modulated by TGF-betal, TGF-beta2,
TGF-beta3, VEGEF, interleukin-10, c-jun, c-fos and/or prostaglandin E2 and hybridizes
with the messenger RNA of a TGF-betal, TGF-beta2, TGF-beta3, VEGF, interleukin-
10, c-jun, c-fos, and/or prostaglandin E2 gene.

A further aspect of this invention is the administration of said pharmaceutical
preparation by infusion to a tissue, a body cavity or a tumor at a flow rate of about
0.1 microl./min to about 2 mL/min or by bolus injection.

Yet another aspect of this invention is the application of the at least one oligonucleotide
to a tissue, a tumor, a body cavity in amounts of about 0.15 nmol to about 3 micromol,
when administered to a tumor, a tissue or a body cavity selected from the group of joint
cavity or ventricular space, respectively in amounts of about 0.005 micromol to about
0.06 mmol, when administered to a large body cavity, such as intraperitoneal space or
the pleural space in amounts of bout 0.005 micromol to about 0.05 mmol

Further advantages of the embodiments of modifications described in this invention are
enhanced efficacy, enhanced affinity for nucleic acid target, enhanced cellular uptake,
enhanced safety, less side effects, and increased stability in the presence of nucleases.

Figures

Figure 1 shows the number of anaplastic astrocytoma patients with symptoms due to
the disease progression after treatment with 10 microM and 80 microM solutions (0.9%
sodium chloride) of the oligonucleotide hybrdized with the mRNA of TGF-beta2,
identified in the sequence listing with SEQ ID NO 5, administered intratumorally by
convection enhanced delivery CED at a flow rate of 4 microL/min. As can be seen in
Figure 1, the number of anaplastic astrocytoma patients with symptoms due to tumor
progression, as well as the grade and severity of these effects after treatment with the
10 MicroM solution of said oligonucleotide reduced compared to patients infused with
the 80 microM solution of said oligonucleotide. See more details in Example 3. Grades
were defined according to the NCI CTC Toxicity Scale Version 2.0. The SAEs
(= serious adverse events) were defined as any untoward medical occurrence as a result
of such dose, which e. g. results in life-threatening effects, requires patient
hospitalization, or prolongation of existing hospitalization.

Figure 2 shows the reduction of tumor size over a couple of months in four anaplastic
astrocytoma patients treated with a 10 microM (figure 2A, 2B, 2C,) and 80 microM
(figure 2D) solution (0.9 % sodium chloride, DAB7) of the antisense oligonucleotide
against mRNA of TGF-beta2, identified in the sequence listing with SEQ ID NO 5,
administered intratumorally by convection enhanced delivery. For more details see
Example 10. The three patients treated with 10 microM solution (figure 2A, 2B, 2C,) a
reduction of tumor size over a period of about 2 to 5 months was observed in the range
2
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of about 30 % to about 66 %, whereas the patient treated with 80 microM showed an
increase in tumor growth (Figure 2D). For more details see example 10.

Figure 3 depicts preferred oligonucleotides, able to hybridize with the mRNA of targets
such as TGF-betal (SEQ ID NO 1 to 4), TGF-beta2 (SEQ ID NO 5 to 8), TGF-beta3
(SEQ ID NO 9 t038), prostaglandin E2 (SEQ ID NO39 to 49), VEGF (SEQ ID NO 50
to 56), interleukin 10 (SEQ ID NO 57 to 76), c-jun (SEQ ID NO 78 to 83) and c-fos
(SEQ ID NO 85 to 93).

Figure 4 depicts qualitatively the efficacy and toxicity of oligonucleotides correlated
with the concentration. The vertical axis qualitatively shows toxicity and efficacy and
the horizontal axis shows the concentration of the oligonucleotide. It can be seen in the
figure, that a peak of efficacy is reached at a much lower concentration than
concentrations showing toxic effects.

Figure 5 represents the inhibition of TGF-beta2 secretion by A-172 cells treated with
5 microM, 10 microM, and 80 microM of the oligonucleotide identified with SEQ ID
NO 5 over 7 days, shown in percentage of untreated control (bar 1). Incubation of A-
172 cells with three different concentrations of this oligonucleotide resulted in a median
of inhibition by 61.1 % (5 microM, bar 2), 68.1 % (10 microM, bar 3), and 56.2 %
(80 microM, bar 4). Conclusively, 10 microM of the oligonucleotide identified by SEQ
ID NO 5 was found to be the best inhibitor of TGF-beta2 expression compared to 5 and
80 microM of this oligonucleotide. Secreted TGF-beta2 was quantified by ELISA.
Results are taken from four independent experiments. For more details see Example12.

Figure 6 shows the ratio of patients survived versus time for three treatment groups. In
one group SEQ ID NO 5 was administered in a concentration of 10 microM (straight
line) and 80 microM (dashed line). Patients of the control group (dotted line) on the
other hand received standard chemotherapy. For more details see example 11. Patients
who were still alive at time of evaluation, are shown as “censored” values with their
respective survival time until evaluation (dots in the curves). This kind of presentation
is known as “Kaplan-Meier Survival Curve”. The data show that patients treated with
10 microM of SEQ ID NO 5 have a much better chance of survival than those treated
with 80 microM and those of the control group.

Detailed Description of the Invention

The expression about in the context of this invention comprises deviations from the
absolute value given in the text from 0 to 100 %, more preferred from 1 to 80 %, even
more preferred from 2 to 60 %, more preferred from 3 to 40 %, more preferred from 4
to 20 %, and even more preferred from 5 to 10 % of the respective value.

Adverse event in the context of this invention is understood as any untoward medical
occurrence in a patient or clinical investigation subject after the administration of a
pharmaceutical preparation that does not have a causal relationship with the treatment
of the respective pharmaceutical preparation. An adverse event can therefore be any
unfavourable and unintended sign (including an abnormal laboratory finding),
symptom, or disease e.g. due to disease progression. Another expression for adverse
event is symptom.
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Brain tumor used synonymously with tumor of the brain according to this invention is
any tumor of the brain including metastases, metastases derived from other parts of the
brain or derived from any other tumor in the body, and metastases of the medulla
spinalis. Brain tumor further comprises primary brain tumor, astrocytoma, including
glioblastoma and oligoastrocytoma, oligodendroglioma and gliosarcoma.
Cavity in the context of this invention implies, for example, colon, duodenum, ileum,
jejunum, joint cavity, pleural cavity, intraperitoneal space, lumen of the oesophagus,
larynx, maxilliary sinus, nasal cavity, pharynx, the rectum, the stomach, the intestinal
tract, the urinary duct, the urinary bladder, and the ventricular space.
In the present invention the expression disease comprises neoplasms, metastases,
neuronal injuries, and immunosuppression.
Hybridizing in the context of this invention implies, that two nucleotide chains at least
partly form a double strand by hydrogen bonding. The double strand develops
completely when the two nucleotide chains have exact antisense sequences. But even if
any nucleotide of an oligonucleotide, also referred to as nucleotide building block is
substituted by another nucleotide, the respective nucleotide is modified or even when a
spacer is in the place of the respective oligonucleotide, the oligonucleotide can still
hybridize with the target molecule, generally the mRNA of a protein, and with this
inhibit the production of said protein.
Metastasis in the context of this invention means that at least one cell separates or
dissociates from a tumor tissue and moves via e.g. the lymphatic system, the blood
vessels, and/or invading the surrounding tissue to another part of the body of a mammal,
preferably a human, where it settles down and forms new tumor tissue.
The term oligonucleotides of the invention encompasses any pharmaceutically
acceptable salts, esters, or any other compound that upon administration to a mammal is
capable of providing the biologically active metabolite or residue thereof. This is
accomplished by specific hybridization of the compounds with one or more nucleic
acids encoding TGF-betal, TGF-beta2, TGF-beta3, VEGF, and interleukin-10 and/or
prostaglandin E2.
The terms nucleic acids and oligonucleotides are used synonymously in the context of
this invention.
In some embodiments, the nucleic acids are not antisense nucleic acids, meaning that
they do not function by binding partly or completely to complementary genomic DNA
or RNA species within a cell and thereby inhibiting the function of said genomic DNA
or RNA species.
In one embodiment the oligonucleotides of this invention also comprise the
oligonucleotides as described in the patents EP 069 53 54 and EP 1008649 as well as
those of the international patent applications published under No. WO 01/68 146,
WO 98/33904, WO 99/63975 and WO 99/63975 herein incorporated by reference.
Oligonucleotides hybridizing with TGF-beta in one preferred embodiment include at
least one sequence set forth as SEQ ID NOs: 1 to 93.
Oligonucleotides or nucleic acids include oligonucleotides having non-naturally
occurring portions with similar function. Naturally occurring nucleotides as well as non-
naturally occurring nucleotides, modifications and spacers are also referred to as
nucleotide building block. The most common nucleotide building block is a nucleotide.
Modified or substituted nucleotides as well as spacers are also comprised by the
expression nucleotide building block.
These modified or substituted oligonucleotides are often preferred over native forms
because of desirable properties such as enhanced cellular uptake, enhanced affinity for
nucleic acid target (e.g. protein), altered intracellular localization and increased stability
4
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in the presence of nucleases. Modifications of the oligonucleotides as used herein
comprise any chemical modification of the sugar, the base moiety and/or the
internucleoside linkage.
In one embodiment, the ring structure of the ribose group of the nucleotides in the
modified oligonucleotide or polynucleotide has oxygen in the ring structure substituted
with N-H, N-R (with R being an alkyl, more preferred alkyl with 1 to 20 carbons, very
preferred alkyls are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, or R is an aryl
substituent), S and/or methylene.
Pharmaceutical preparation in the context of this invention comprises an
oligonucleotide of this invention within a pharmaceutically acceptable carrier.
In one embodiment nucleic acids or oligonucleotides with a covalently modified base
and/or sugar include for example nucleic acids having backbone sugars which are
covalently attached to low molecular weight organic groups other than a hydroxyl group
at the 3' and/or 27 position or a phosphate group at the 5' position. Thus modified
nucleic acids may additionally include at least one 2'-O-substituted ribose group. For
purposes of this invention, the term “2°-substituted” means substitution of the 2°-OH of
the ribose molecule. The O may be substituted with N, S and the substituent can further
comprise an alkyl with 1 to 20 carbons e.g. O-alkyl, S-alkyl, NH-alkyl, N-dialkyl, O-
aryl, S-aryl, NH-aryl, O-aralkyl, S-aralkyl, NH-aralky. Preferred embodiments of 2°-O-
alkyl-groups are methoxy-, ethoxy-, propyloxy-, isopropyloxy-, methoxy-ethoxy.
Further modifications of nucleotide building blocks are also given by patents US
6,143,881, US 5,591,721, US 5,652,355, US 5,962,425, US 5,969,116 and
US 5,914,396 herein incorporated by reference. Another preferred embodiment is a
nucleotide building block, comprising at least one deoxyribose, with an alkyl-group
bound to the 2”-carbon. The alkyl may have about 1 to about 30 carbons, 1 to about 20
carbons, 1 to about 10 carbons, or 1 to about 5 carbons. Preferred alkyl-groups are
ethyl-, propyl-, isopropyl-, butyl-group, highly preferred is the methyl-group.
In yet another embodiment, modified nucleic acids include sugars such as arabinose
instead of ribose. Thus the nucleic acids may be heterogeneous in backbone
composition thereby containing any possible combination of polymer units linked
together such as peptide-nucleic acids (which have amino acid backbone linked to
nucleic acid bases). In some embodiments the nucleic acids are homogeneous in
backbone composition.
The substituted purines and pyrimidines of the nucleic acids include standard purines
and pyrimidines such as cytosine as well as base analogs such as substituted bases
(Wagner et al. 1993). Purines and pyrimidines include, but are not limited to adenine,
cytosine, guanine, thymine, inosin, S-methylcytosine, 2-aminopurine, 2-amino-6-
chloropurine, 2,6-diaminopurine, hypoxanthine, and other naturally and non-naturally
occurring nucleobases, substituted and unsubstituted aromatic moieties.
The single nucleotides in each oligonucleotide may contain the same modifications,
may contain combinations of these modifications, or may combine these modifications
with phosphodiester linkages. Methods of rendering oligonucleotide nuclease resistant
include, but are not limited to, covalently modifying the purine or pyrimidine bases. For
example, bases may be methylated, hydroxymethylated, or otherwise substituted (e.g.,
glycosylated) such that the oligonucleotides or polynucleotides are rendered
substantially acid and nuclease resistant.
In a preferred embodiment, at least one end of the oligonucleotide is a biotin, biotin
analog, avidin, or avidin analog. These molecules have the ability to block the
degradation of the protected oligonucleotide and provide means for high affinity
attachment of the modified nucleic acids to the solid support. Avidin and biotin
5
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derivatives, which can be used to prepare the reagents of this invention include
streptavidin, succinylated avidin, monomeric avidin, biocytin (biotin-epsilon-N-lysine),
biocytin hydrazide, amine or sulfhydryl derivatives of 2-iminobiotin and biotinyl-
epsilon-aminocaproic acid hydrazide. Additional biotin derivatives, such as biotin-N-
hydroxysuccinimide ester, biotinyl-epsilon-aminocaproic acid-N-hydroxysuccinimide
ester, sulfosuccinimidyl 6-(biotin amido)hexanoate, N-hydroxysuccinimideiminobiotin,
biotinbromoacetylhydrazide, p-diazobenzoyl biocytin and 3-(N-maleimidopropionyl)-
biocytin, can also be used as end-blocking groups on the oligonucleotides of the present
invention.

In yet another embodiment, the base units are maintained for hybridization with an
appropriate nucleic acid target compound. One such oligomeric compound, an
oligonucleotide mimetic that has been shown to have excellent hybridization properties,
is referred to as a peptide nucleic acid (PNA). In PNA compounds, the sugar-backbone
of an oligonucleotide is replaced with an amide containing backbone, in particular an
aminoethylglycine backbone. The nucleobases are bound directly or indirectly to aza
nitrogen atoms of the amide portion of the backbone. Representative United States
patents that teach the preparation of PNA compounds include, but are not limited to,
U.S. Pat. Nos.: 5,539,082, 5,714,331, and 5,719,262, each of which is herein
incorporated by reference. Further teaching of PNA compounds can be found in Nielsen
et al. 1991.

Further backbone modified oligonucleotide includes, for example, phosphorothioates,
chiral phosphorothioates, phosphorodithioates, phosphorotriesters, aminoalkyl-
phosphorotriesters, methyl- and other alky-phosphonates including 3’-alkylene
phophonates and chiral phosphonates, phosphinates, phosphoramidates, including 3°-
aminophosphoramidate and aminoalkylphosphoramidates, thiono-phosphor-amidates,
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates having
normal 3°-57linkages, 2°-5"linked analogs of these, and those having inverted polarity
wherein the adjacent pairs of nucleoside units are linked 3°-57to 5°-37or 2°-5"to 57°-2".
Various salts, mixed salts, and free acid forms are also included. One preferred
embodiment is the sodium salt of the nucleic acid.

In some embodiments at least one nucleotide of an oligonucleotide is modified as
described in one of the modifications above. The modification can either cover the
oligonucleotide continuously or irregularly.

In yet another embodiment, at least two modifications as described above are combined
within one oligonucleotide.

In another embodiment, 1 to about 12 or 1 to about 8 or 1 to about 4 or 1 to about 2
oligonucleotides and/or nucleotide linkages at the 3" and/or 57end of the oligonucleotide
are modified as described above.

In one embodiment the oligonucleotides of this invention hybridize with a target, e.g.
TGF-beta or its subtypes more preferred TGF-beta 1, TGF-beta 2, TGF-beta 3, VEGF,
IL-10, and low PGE,. These targets are well known to someone skilled in the art. The
antisense structure of the mRNA of said targets is also given in the
PCT/EP2004/053604, herein incorporated by reference.

Chain elongation means that oligonucleotides of the sequence listing and other

oligonucleotides, that have additional nucleotides of the sequence of the respective

antisense structure of the mRNA of said targets, are still within the scope of this

invention. The additional nucleotides in one embodiment are according to the coding

region of the mRNA, in yet another embodiment, the additional nucleotides are also

from the non-coding part of the mRNA, including introns and exons. The additional
6
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nucleotides comprise about 1 to about 10,000 nucleotides, about 1 to about 5,000
nucleotides, about 1 to about 3,000 nucleotides, about 1 to about 1,000 nucleotides,
about 1 to about 500 nucleotides, about 1 to about 100 nucleotides, about 1 to about 50
nucleotides, about 1 to about 25 nucleotides, about 1 to about 10 nucleotides, about 1 to
about 5 nucleotides or about 1 to about 2 nucleotides bound to at least one of the 3~
and/or 5" end, in another embodiment, to at least one of the 2” or 5’end. In yet another
embodiment, some nucleotide building blocks of these oligonucleotides or
polynucleotides may be modified or substituted by spacers and/or modifications as
described herein.
Pharmaceutically acceptable salts refer to physiologically and pharmaceutically
acceptable salts of the compounds used in the invention, which means that the salts
retain the biological activities of the parent compounds without undesired toxicological
effects.
In one embodiment the oligonucleotide or its active derivative is a single stranded
oligonucleotide, in yet another embodiment the oligonucleotide is double stranded,
which means that the oligonucleotide is hybridized completely or partly with a second
oligonucleotide that has about 50 % to about 100 % of the exact antisense structure of
said oligonucleotide. This may result in a double strand in which both oligonucleotides
hybridize with less bond strength or in double strand with overlapping ends. The two
oligonucleotides might have the same length, in other words they have the same amount
of nucleotide building blocks or their length might differ, also resulting in overlapping
ends on one or both ends.
The expression spacer in the context of this invention comprises any nucleotide building
block which is not obviously a derivative or a modification of a nucleotide, but connects
two nucleotide building blocks in a way, that the resulting oligonucleotide still
hybridizes with its target, e.g. mRNA of TGF-betal, TGF-beta2, TGF-beta3, VEGF,
prostaglandin E2, c-fos, c-jun or interleukin-10.
One embodiment of the invention is the use of at least one oligonucleotide with a length
of 8 to 30 nucleotide building blocks for manufacturing a pharmaceutical preparation
for the prophylaxis and/or the treatment of diseases that are modulated by TGF-betal,
TGF-beta2, TGF-beta3, VEGEF, interleukin-10, c-jun, c-fos, and/or prostaglandin E2 in
a mammal, wherein said oligonucleotide hybridizes with a messenger RNA of a TGF-
betal, TGF-beta2, TGF-beta3, VEGF, interleukin-10, c-jun, c-fos and/or prostaglandin
E2 gene and wherein said preparation comprises said oligonucleotide in a concentration
of about 1 microM to about 25 microM.
In other embodiments the pharmaceutical preparation of this invention comprises
oligonucleotides in a concentration of about 1 microM to about 15 microM, more
preferred of about 2.5 microM to about 14 microM, more preferred of about 4 microM
to about 13 microM, more preferred of about 5 microM to about 12.5 microM, most
preferred the concentration of the oligonucleotides is about 20 microM, about
10 microM or about 5 microM.
In yet another embodiment the pharmaceutical preparation of this invention comprises
oligonucleotides in a concentration of about 50 microM to about 150 microM, more
preferred in concentrations of about 60 microM to about 100 microM, even more
preferred of about 70 microM to about 90 microM and most preferred about 80 microM,
60microM or 100 microM.
Whereas the oligonucleotides of this invention are single stranded, in some
embodiments at least parts of the single-stranded nucleic acid are double-stranded.
Double-stranded molecules are more stable in vivo, while single-stranded molecules
have increased activity.

7
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In one embodiment the oligonucleotide has a length between about 6 to about 30
nucleotides and is complementary to the mRNA of the targets TGF-betal, TGF-beta2,
TGF-beta3, VEGF, interleukin 10, ¢-jun, c-fos, and prostaglandin E2. In more preferred
embodiments the oligonucleotides of this invention have lengths of about 7 to about 25
nucleotides, of about 8 to about 20 nucleotides, even more preferred of about 12 to 18
nucleotides. Preferred embodiments of oligonucleotides usable in this invention are
shown in the sequence listing under SEQ ID NOs 1 to 93, very preferred embodiments
are SEQ ID NOs 1 to 38, most preferred are SEQ ID NOs 2 and/or 5.

Other oligonucleotides usable in pharmaceutical preparations according to this
invention are oligonucleotides described in the sequence listing respectively the
examples of EP 1 089 764, EP 0 695 354, PCT/EP98/00497 and PCT/EP2005/002101
herein incorporated by reference.

In other embodiments the at least one oligonucleotide for the manufacturing of a
pharmaceutical preparation comprises at least one phosphorothioate linkage between
two nucleotide building blocks. The phosphorothioate linkage may cover 0 % - 5%, S %
to 10%, 10 % to 15 %, 15 % to 20 %, 20 % to 25 %, 25 % to 30 %, 30 % to 35%, 35 %
to 40 %, 40 % to 45 %, 45 % to 50 %, 50 % to 55%, 55 % to 60 %, 60 % to 65 %, 65 %
t0 70 %, 70 % to 75 %, 75 % to 80 %, 80 % to 85 %, 85 % to 90 %, 90 % to 95 % or 95
% to 100 % of the linkages. The phosphorothiate linkages may be scattered regularily or
irregularily over the oligonucleotide. In some embodiments the phosphorothioate is
accumulated at either one or both of the 3” and/or 5°ends of the oligonucleotide.
Another preferred embodiment is an oligonucleotide where all linkage between the
nucleotides are phosphorothioates.

In one embodiment the oligonucleotide is a single strand oligonucleotide. Single strand
means, that all oligonucleotide building blocks are in one line and do not hybridize with
a second oligonucleotide or antisense oligonucleotide and are not bound otherwise.

In yet other embodiments the oligonucleotides of this invention are used for the
prophylaxis and/or the treatment of a disease selected from the group of cancer,
metastases, disease of the nervous system, and immunosuppression.

In other embodiments pharmaceutical preparations of the oligonucleotides are
administered by infusion into a tissue, a tumor or a body cavity. In more preferred
embodiments the tissue is selected from the group of bile duct, bladder, bone, bone
marrow, brain, breast, colon, endometrium, epithelium, gall bladder, head, head and
neck, heart, intestine, joints, kidney, larynx, liver, lung, lymphatic node, lymphatic
vessels, muscle, oesophagus, ovary, pancreas, prostate, rectum, urinary duct, skin and
its layers, spleen, stomach, testis, thymus, thyroid, tonsil, or uterus and/or is
administered to the respective tumor of this tissue.

In a more preferred embodiment the pharmaceutical preparation is administered to the
tumor in the brain, preferably the brain tumor is selected from the group of astrocytoma
including glioblastoma and oligoastrocytoma.

In another embodiment the pharmaceutical preparation of oligonucleotides is
administered into a body cavity, selected from the group of bile duct, bladder, colon,
gall bladder, joint cavity, pleural cavity, intraperitoneal space, the rectum, the intestinal
tract, the urinary duct, the urinary bladder, and the ventricular space.

In yet other embodiments of this invention the pharmaceutical preparations comprising
at least one oligonucleotide of this invention are administered to a tumor or a tissue, the

~ joint cavity or the ventricular space with a flow rate of about 0.1 microL/min to about

0.1 mL/min. Further preferred are flows of about 0.5 microL/min to about 0.05 mL/min,
more preferred of about 0.8 microL/min to about 0.04 mL/min, more preferred of about
8
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1 microL/min to about 0.02 mL/min, more preferred of about 2 microL./min to about 10
microl/min, most preferred are about 4 microL/min. In a very preferred embodiment
the pharmaceutical preparation is administered at these flow rates into a tumor of the
brain, more preferred into astrocytoma, including glioblastoma and oligoastrocytoma.

In another embodiment the pharmaceutical preparation is administered into body
cavities that are not the ventricular space or joint cavity, eg. colon, pleural cavity,
intraperitoneal space, the rectum, the stomach, the intestinal tract, the urinary duct, or
the urinary bladder. In these embodiments the pharmaceutical preparation is
administered at flow rates of about 5 microL/min to about 2 mL/min, more preferably of
about 0.05 mL/min to about 1 mL/min, even more preferred of about 0.1 mL/min to
about 0.5 mL/min, even more preferred of about 0.3 mL/min to about 0.4 mL/min, most
preferred of about 0.35 mL/min.

In yet other embodiments the oligonucleotides of this invention are used for the
prophylaxis and/or the treatment of a disease selected from the group of cancer,
metastases, disease of the nervous system, and immunosuppression.

In preferred embodiments, cancer, metastasis, nervous system, and/or
immunosuppression are treated with the respective oligonucleotides hybridizing with
mRNA of the targets TGF-betal, TGF-beta2, TGF-beta3, VEGF, interleukin-10, c-jun,
c-fos and/or prostaglandin E2, even more preferred are sequences identified in the
sequence listing with SEQ ID NOs 1 — 93. Preferred sequences hybridizing with the
mRNA of TGF-betal are identified in the sequence listing with SEQ ID NOs 1 - 4, most
preferred is SEQ ID NO 2. Preferred sequences hybridizing with the mRNA of TGF-
beta2 are identified in the sequence listing with SEQ ID NOs 5 - §, most preferred is
SEQ ID NO 5. Preferred sequences hybridizing with the mRNA of TGF-beta3 are
identified in the sequence listing with SEQ ID NOs 9 - 38. Preferred sequences
hybridizing with the mRNA of prostaglandin E2 are identified in the sequence listing
with SEQ ID NOs 39 - 49. Preferred sequences hybridizing with the mRNA of
interleukin 10 are identified in the sequence listing with SEQ ID NOs 57 - 76. Preferred
sequences hybridizing with the mRNA of c-jun are identified in the sequence listing
with SEQ ID NOs 78 - 83. Preferred sequences hybridizing with the mRNA of c-jun are
identified in the sequence listing with SEQ ID NOs 85 - 93.

Another embodiment of a disease of the nervous system is the amyotrophic lateral
sclerosis. In a preferred embodiment the neuronal injuries are treated with the respective
oligonucleotides hybridizing with m-RNA of the targets c-jun or j-fos, even more
preferred are c-jun sequences identified in the sequence listing with SEQ ID NOs 78 —
83 respectively c-fos sequences identified in the sequence listing with SEQ ID NOs 85
-93.

In one embodiment the pharmaceutical preparation is administered with an application
system. A preferred application system comprises a portable pump, connected with
flexible tubes to a port system. The port system is connected to an infusion catheter
surgically implanted into the center of a tumor, a tissue or ending in a body cavity. In
another embodiment several infusion catheters are used for infusing the pharmaceutical
preparation. In yet other embodiments the infusion catheters are positioned not in the
center of the tumor or tissue, but are positioned in the margin of the tissue and/or tumor
infused with the pharmaceutical preparation. Application systems usable for this
invention are also described in the international patent application PCT/EP 2004/
004211 herein incorporated by reference.
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The total volume per day of the pharmaceutical preparation preferably infused into
tumors, tissues or the body cavities selected from joint cavity or ventricular space vary
from about 0.15 mL/d to about 0.15 L/d, more preferred from about 0.7 mL/d to about
0.07 L/d, even more preferred from about 1.2 mL/d to about 0.06 L/d, even more
preferred from about 2 mL/d to about 0.03 L/d, even more preferred from about 3 mL/d
to about 15 mL/d, and most preferred they are about 5.6 mL/d or about 11 mL/d.

In another embodiment the total volume of pharmaceutical preparation preferably
infused into large body cavities such as intraperitoneal space or the pleural space are
about 5 mL/d to about 3L/d, more preferred about 0.05 L/d to about 1.5 L/d, even more
preferred about 0.15 L/d to about 1 L/d, even more preferred about 0.4 L/d to about
0.6 L/d, most preferred are about 0.5 L/d.

In another embodiment the total amount of oligonucleotide applied into tumors, tissues
or the body cavities selected from joint cavity or ventricular space by means of this
invention is about 0.15 nmol to about 3 micromol, more preferred about 1 nmol to about
2 micromol, even more preferred about 0.01 micromol to about 1 micromol, even more
preferred about 0.02 micromol to about 0.1 micromol, and most preferred about 0.224
micromol, about 0.112 micromol, about 0.056 micromol, or about 0.028 micromol.

In the most preferred embodiment these amounts are administered into a brain tumor, in
one preferred embodiment the brain tumor is an astrocytoma, including glioblastoma or
is an oligoastrocytoma.

For the treatment of brain tumors, oligonucleotides that can hybridize with mRNA of
TGF-beta are preferred, more preferred are the sequences identified in the sequence
listing with SEQ ID NOs 1 to 38. More preferred are oligonucleotides hybridizing with
TGF-beta2, even more preferred are sequences identified in the sequence listing with
SEQ ID NOs 5 to 8. In a very preferred embodiment, the oligonucleotide is identified in
the sequence protocol by SEQ ID NO 5. In one preferred embodiment SEQ ID NO 5 is
administered in the form of its sodium salt having a molecular weight of 6142.4 g,
respectively 7115.3 g as hydrate, comprising about 54 molecules of crystal water per
oligonucleotide.

In yet another embodiment the total amount of oligonucleotide applied into large body
cavities such as intraperitoneal cavity or pleural cavity by a pharmaceutical preparation
of this invention is about 0.005 micromol to about 0.05 mmol, more preferred about
0.05 micromol to about 0.025 mmol, more preferred about 0.1 micromol to about
0.01 mmol, and most preferred about 10 micromol, about 5 micromol or about 2.5
micromol.

In another embodiment the total amount of oligonucleotide applied into tumors, tissues
or the body cavities selected from joint cavity or ventricular space by means of this
invention is about 7.5 nmol to about 22.5 micromol, more preferred about 50 nmol to
about 10 micromol, even more preferred about 0.1 micromol to about 5 micromol, even
more preferred about 0.4 micromol to about 1 micromol, and most preferred about
0.21 micromol, about 0.28 micromol or about 0.35 micromol.

In a more preferred embodiment the respective amount is administered into a brain
tumor, the most preferred embodiment of the brain tumor is astrocytoma, including
glioblastoma or oligoastrocytoma.

In yet another embodiment the total amount of oligonucleotide applied into large body
cavities such as intraperitoneal cavity or pleural cavity by a pharmaceutical preparation
of this invention is about 0.25 micromol to about 0.45 mmol, more preferred about 1
micromol to about 0.5 mmol, more preferred about 0.01 mmol to about 0.1 mmol, and
most preferred about 50 micromol, about 40 micromol or about 30 micromol.
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In one embodiment the pharmaceutical preparation of this invention is administered into
a tumor, a tissue or a body cavity for about 4 hours to about 8 hours, about 8§ hours to
about 16 hours, about 16 hours to about 24 hours, about 24 hours to about 36 hours,
about 36 hours to about 2 days, about 2 days to about 3 days, about 3 days to about
5 days, about 5 days to about 8 days, about 8 days to about 11 days, and about 11 days
to about 15 days. This period of time is also referred to as course. In a preferred
embodiment the pharmaceutical preparation is administered over about 3 to about 8
days. The period of 4 days and 7 days is preferred for the treatment of brain tumor,
where the most preferred embodiment of the brain tumor is astrocytoma, including
glioblastoma, or oligoastrocytoma.

In other embodiments the oligonucleotides in a pharmaceutical preparation are
administered at a plurality of times, in other words a course as defined above is repeated
at plurality of times, preferring 2 to 20 times. In preferred embodiments the procedure is
repeated one to twelve times, e.g. twice to three times, four times to five times, six times
to seven times, eight times to nine times, ten times to eleven times, twelve times to
thirteen times, fourteen times to fifteen times, sixteen times to seventeen times, eighteen
times to nineteen times, or twenty times.

All courses may have the same duration or may vary. In some embodiments the time
between two courses is between about 1 day to about 2 days, about 2 days to about 3
days, about 4 days to about 5 days, about 5 days to about 7 days, about § days to about
10 days, about 10 days to about 2 weeks, about 2 weeks to about 3 weeks, about 3
weeks to about 4 weeks, about 4 weeks to about 6 weeks, and about 6 weeks to about
12 weeks. In a preferred embodiment the time between two courses varies between
about 2 days and 8 weeks, more preferred about 4 days to about 4 weeks, even more
preferred about 6 days to about 12 days.

In one preferred embodiment the oligonucleotide dissolved in a physiological
(= isotonic) solution is administered over 7 days and then during the next 7 days no
oligonucleotide is administered. This course was repeated several times.

In yet another embodiment the pharmaceutical preparation comprises at least one
oligonucleotide and in addition at least one further adjuvant. For more details about
adjuvants, also referred to as immunostimulants, see also EP 1 089 764. In a preferred
embodiment the adjuvants is an oligonucleotide comprising an CpG-motiv. For further
details about CpG motives see also Krieg 2002.

Preferred embodiments of the pharmaceutical preparations of this invention are used in
mammals, where the preferred embodiment of mammal is a human. Besides being
useful in human treatment, the present invention is also useful for other subjects
including veterinary animals, exotic animals and farm animals, including mammals,
rodents, and the like. Mammals include humans, horses, dogs, pigs, cats, or primates
(for example, a monkey, a chimpanzee, or a lemur). Rodents include rats, mice,
squirrels, or guinea pigs.

In one embodiment the pharmaceutical preparation with the oligonucleotide of this
invention is administered to a mammal by first dissolving the oligonucleotide with a
concentration of about 1 to 150 microM in a pharmaceutically acceptable carrier to a
solution and then administering said solution at a flow rate of about 0.1 microL/min to
about 2 ml/min to a tissue, a tumor, or a body cavity of the mammal. Further preferred
concentrations, flows and sequences are given above in this invention.

In one embodiment the pharmaceutical preparation with at least one oligonucleotide of
this invention for the treatment of tumors and/or metastases is administered to a
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mammal at an amount resulting in a concentration of this oligonucleotide ranging from
about 1 to about 50 microgram per 1 cm’ of the respective tumor.

In yet another embodiment the pharmaceutical preparation is administered in a way that
the concentration of the oligonucleotide is about 2 to about 20 microgramm per 1 cm’ of
tumor tissue per day, more preferred are about 3 to about 10 microgramm per 1 cm’ of
tumor tissue per day.

The pharmaceutical preparation of the present invention may be administered in a
number of ways depending upon whether local or systemic treatment is desired and
upon the area to be treated. The pharmaceutical composition of the present invention
may be administered by infusion directly into a tissue, tumor and/or a body cavity.
Administering the pharmaceutical preparations of the present invention may be
accomplished by any means known to a person skilled in the art. Routes of
administration include but are not limited to parenteral (e.g. intramuscular),
intraperitoneal, intraventricular, intracerebral, intratumoral, intracerebroventricular,
intrathecal, intrauterine, infusion and injection into bladder, and pleura.

Pharmaceutical preparations include fluid pharmaceutical preparations containing the
oligonucleotide in a concentration of about 1 microM to about 25 microM. In another
preferred embodiment the pharmaceutical preparation contains the oligonucleotide in a
concentration of about 50 microM to about 150 microM. More preferred concentrations
are given above. Such preparations may include sterile aqueous solutions that may also
contain buffers, diluents and other suitable additives, such as, but not limited to,
penetration enhancer, acceptable carriers or excipients. The term pharmaceutical
preparation implies that the liquids or substances of this composition are pure and/or
combined with pharmaceutically acceptable carriers.

The term pharmaceutically acceptable carrier means one or more compatible liquid
filler, diluents or encapsulating substances that are suitable for administration to a
human or other mammal. The term "carrier” denotes an organic or inorganic ingredient,
natural or synthetic, with which the active ingredient is combined to facilitate the
application. The components of the pharmaceutical preparations also are capable of
being combined with the compounds of the present invention, and with each other, in
such a manner that there is no interaction which would substantially impair the desired
pharmaceutical efficacy. Such carriers enable the oligonucleotides of the invention to be
formulated as liquids, gels, syrups, slurries, suspensions, emulsions.

As described above the pharmaceutical compositions may also include microcapsules,
nanocapsules, micro- and nanospheres, emulsions and suspensions, oligonucleotides
coated onto microscopic gold particles or preparations with protracted release of
oligonucleotides, in whose preparation excipients and additives and/or auxiliaries such
as disintegrants, binders, coating agents, swelling agents, lubricants, or solubilizers are
customarily used.

For the infusion into the stomach, intestine, colon, or rectum an enema is useful.

For a brief review of present methods of drug delivery, see Langer (1990), which is
incorporated herein by reference.

In yet another embodiment, the oligonucleotides are present in pharmaceutical carriers
for parenteral administration by infusion. Formulations for infusion may be presented in
unit dosage form with an added preservative. The pharmaceutical compositions take
such forms as suspensions, solutions or emulsions in oily or aqueous vehicles, and
contain formulatory agents such as suspending, stabilizing and/or dispersing agents.

In one embodiment, pharmaceutical carriers for parenteral administration include
aqueous solutions of the oligonucleotides in water-soluble form. In one preferred
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embodiment the oligonucleotide is dissolved in a physiological (isotonic) solution, more
preferred 0.9 % sodium chloride solution.
In yet another embodiment a suspension of the compounds is prepared as appropriate
oily infusion. Suitable lipophilic solvents or vehicles include fatty oils such as sesame
oil, or synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes.
Aqueous infusion suspensions comprise substances which increase the viscosity of the
suspension, such as sodium carboxymethyl cellulose, sorbitol, or dextran. Optionally,
the suspension may also contain suitable stabilizers or agents which increase the
solubility of the compounds to allow for the preparation of highly concentrated
solutions.
In yet another embodiment, the oligonucleotides may be in powder form for
reconstitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use. In
other embodiments the oligonucleotide is reconstituted with an isotonic solution.
Isotonic solution is any aqueous solution with an osmotic pressure as high as the
osmotic pressure of the body. Commonly used are solutions of salts, sugars and so on.
In preferred embodiments the isotonic solution is a 0.9 % sodium chloride solution or a
Ringer-lactate solution (e. g. DAB7).
In yet another embodiment, the active compounds may be in form of a concentrate for
dilution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.
In yet another embodiment, the compounds are formulated in rectal or vaginal
compositions such as suppositories or retention enemas or tablets, e.g., containing
conventional suppository bases such as cocoa butter or other glycerides.
In yet another embodiment, the compounds are formulated as a depot preparation. In
one embodiment such long acting preparations are formulated with suitable polymeric
or hydrophobic materials (for example as an emulsion in an acceptable oil) or ion
exchange resins, or as sparingly slow soluble derivatives, for example as a sparingly
slow soluble salt.
In other embodiments, delivery systems include time-release, delayed release, or
sustained release delivery systems. Such systems can avoid repeated administrations of
the compounds, increasing convenience to the subject and the physician. Many types of
release delivery systems are available and known to those of ordinary skill in the art.
In one embodiment, the delivery systems include polymer based systems such as
poly(lactide-glycolide), copolyoxalates, polycaprolactones, polyesteramides,
polyorthoesters, polyhydroxybutyric acid, and polyanhydrides, more preferred
polyanhydrides with molecular weight of more than 20.000 Da. In one preferred
embodiment the polyanhydride is a polycondensation of dicarbonic acids with high
molecular weight. More details see also EP 0260415. Microcapsules of the foregoing
polymers containing drugs are described in, for example U.S. Pat. No. 5,075,109.
In another embodiment, improvement of oligonucleotide uptake has been achieved with
different systems of vectorization including liposomes (neutral, cationic,
immunoliposome), micro- and nanoparticles, polymers, or covalent attachment to a
carrier (C. Lefebure et al. 1995). Lipid-mediated transfection has also been used to
deliver oligonucleotides (Wang and Martini 1996). In another embodiment the delivery
systems include non-polymer systems that are e.g. lipids including sterols such as
cholesterol, cholesterol esters and fatty acids or neutral fats such as mono-, di- and
triglycerides, hydrogel release systems, sylastic systems, peptide based systems, and the
like.
Specific examples include, but are not limited to: (a) erosional systems in which an
agent of the invention is contained in a form within a matrix such as those described in
U.S. Pat. Nos. 4,452,775, 4,675,189, and 5,736,152, and (b) diffusional systems in
13
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which an active component permeates at a controlled rate from a polymer such as
described in U.S. Pat. Nos. 3,854,480, 5,133,974 and 5,407,686.
In still other embodiments, the oligonucleotides are formulated with GELFOAM®, a
commercial product consisting of modified collagen fibers that degrade slowly.
In one embodiment the pharmaceutical compositions also comprise suitable solid or gel
phase carriers or excipients. Examples of such carriers or excipients include but are not
limited to calcium carbonate, calcium phosphate, various sugars, starches, cellulose
derivatives, gelatin, and polymers such as polyethylene glycols.
In one embodiment the oligodeoxynucleotides are administered neat or in the form of a
pharmaceutically acceptable salt. The salts have to be pharmaceutically acceptable, but
non-pharmaceutically acceptable salts may conveniently be used to prepare
pharmaceutically acceptable salts thereof. Such salts include, but are not limited to,
those prepared from the following acids: hydrochloric, hydrobromic, sulphuric, nitric,
phosphoric, maleic, acetic, salicylic, p-toluene sulphonic, tartaric, citric, methane
sulphonic, formic, malonic, succinic, naphthalene-2-sulphonic, and benzene sulphonic.
Also, such salts can be prepared as alkaline metal or alkaline earth salts, such as
sodium, potassium or calcium salts of the carboxylic acid group.
In another embodiment the pharmaceutical composition further comprises at least one
buffer and/or at least one preservative.
In one embodiment suitable buffering agents include but are not limited to acetic acid
and a salt (1-2% w/v), citric acid and a salt (1-3% w/v), boric acid and a salt (0.5-2.5%
w/v), and phosphoric acid and a salt (0.8-2% w/v).
Suitable preservatives include benzalkonium chloride (e.g. 0.003-0.03% w/v),
chlorobutanol (e.g. 0.3-0.9% w/v), parabens (e.g. 0.01-0.25% w/v), and thiomersal (e.g.
0.004-0.02% w/v).
In yet another embodiment the pharmaceutical compositions also include penetration
enhancers in order to enhance the alimentary delivery. Penetration enhancers may be
classified as belonging to one of five broad categories, i.e., fatty acids, bile salts,
chelating agents, surfactants, and non-surfactants (Lee et al. 1991, Muranishi 1990).
One or more penetration enhancers from one or more of these broad categories may be
included.
Various fatty acids and their derivatives which act as penetration enhancers include, for
example, oleic acid, lauric acid, capric acid, myristic acid, palmitic acid, stearic acid,
linoleic acid, linolenic acid, dicaprate, tricaprate, recinleate, monoolein (1-monooleoyl-
rac-glycerol), dilaurin, caprylic acid, araichidonic acid, glyceryl 1-monocaprate, 1-
dodecylazacycloheptan-2-one, acylcarnitines, acylcholines, mono- and di-glycerides
and physiologically acceptable salts thereof (i.e., oleate, laurate, caprate, myristate,
palmitate, stearate, linoleate, etc.) (Lee et al. 1991, Muranishi 1990, El-Hariri et al.
1992). Examples of some presently preferred fatty acids are sodium caprate and sodium
laurate, used singly or in combination at concentrations of 0.5 to 5%.
The physiological roles of bile include the facilitation of dispersion and absorption of
lipids and fat-soluble vitamins (Brunton 1996). Various natural bile salts, and their
synthetic derivatives, act as penetration enhancers. Thus, the term "bile salt” includes
any of the naturally occurring components of bile as well as any of their synthetic
derivatives. A presently preferred bile salt is chenodeoxycholic acid (CDCA) (Sigma
Chemical Company, St. Louis, Mo.), generally used in concentrations of 0.5 to 2%.
Complex formulations comprising one or more penetration enhancers may be used. For
example, bile salts may be used in combination with fatty acids to make complex
formulations. Preferred combinations include CDCA combined with sodium caprate or
sodium laurate (generally 0.5 to 5%).
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In one embodiment additionally chelating agents are used that include, but are not
limited to, disodium ethylenediaminetetraacetate (EDTA), citric acid, salicylates (e.g.,
sodium salicylate, 5-methoxysalicylate and homovanillate), N-acyl derivatives of
collagen, laureth-9 and N-amino acyl derivatives of beta-diketones (enamines) (Lee et
al. 1991, Muranishi 1990, Buur et al. 1990). Chelating agents have the added advantage
of also serving as DNase inhibitors.
In yet another embodiment additionally surfactants are used. Surfactants include, for
example, sodium lauryl sulphate, polyoxyethylene-9-lauryl ether and polyoxyethylene-
20-cetyl ether (Lee et al. 1991), and perfluorochemical emulsions such as FC-43
(Takahashi et al. 1988).
Non-surfactants include, for example, unsaturated cyclic ureas, 1-alkyl- and 1-
alkenylazacyclo-alkanone derivatives (Lee et al. 1991), and non-steroidal anti-
inflammatory agents such as diclofenac sodium, indomethacin, and phenylbutazone
(Yamashita et al. 1987).
In one embodiment, the pharmaceutical compositions of the present invention
additionally contain other adjunct components conventionally found in pharmaceutical
compositions, at their art-established usage levels. Thus, for example, the compositions
may contain additional compatible pharmaceutically active materials such as, e.g.,
antipruritics, astringents, local anesthetics or anti-inflammatory agents, or may contain
additional materials useful in physically formulating various dosage forms of the
composition of present invention, such as dyes, flavoring agents, preservatives,
antioxidants, opacifiers, thickening agents, and stabilizers. However, such materials,
when added, should not unduly interfere with the biological activities of the components
of the compositions of the invention.
The present invention can be used for the described drug application in any tissue of the
subject where this method is indicated. Such tissues include, for example, bile duct,
bladder, bone, bone marrow, brain, breast, colon, endometrium, epithelium, gall, gall
bladder, head, head and neck, heart, intestine, joints, kidney, larynx, liver, lung,
lymphatic node, lymphatic vessels, muscle, oesophagus, ovary, pancreas, prostate,
rectum, urinary duct, skin and its layers, spleen, stomach, testis, thymus, thyroid, tonsil,
or uterus.
The respective tumor of a tissue also referred to as tumor or neoplasm comprises
adamantinoma of long bones, adenoma, ameloblastoma, astrocytoma, bile duct
carcinoma, bladder carcinoma, bone carcinoma, bone marrow carcinoma, brain tumor,
breast cancer, bronchogenic carcinoma, cervical cancer, cervical cancer of uteri,
chondroma,, choriocarcinoma, colon carcinoma, colorectal carcinoma, cystadeno,
carcinoma, embryonal carcinoma, endometrial cancer, ependymoma, esophageal cancer,
fibroma, follicular thymoma, gallbladder cancer, gastric cancer, glioblastoma, glioma,
head and neck cancer, cancer of the heart, hepatocellular cancer, cancer in the
intraperitoneal cavity, cancer of the intestine, carcinoma of the kidney, larynx cancer,
lipoma, liver carcinoma, lung carcinoma, cancer of the lymphatic node, cancer of the
lymphatic vessels, malignant glioma, mesenthelioma,, menigioma, medullary
carcinoma, myoma, neuroblastoma, non-small-cell bronchogenic/lung carcinoma,
oesophagus cancer, osteosarcoma, ovarian cancer, pancreas carcinoma, papillary
carcinoma, papillary adenocarcinoma, papillar thymoma, pheochromocytoma, prostate
cancer, rectal cancer, renal cancer, renal cell carcinoma, urinary duct carcinoma,
sebaceous gland carcinoma, seminoma, skin cancer, small-cell lung carcinoma, small
intestine carcinoma, soft tissue cancer, spleen carcinoma, squamous cell carcinoma,
stomach carcinoma, teratoma, testicular carcinoma, testis carcinoma, thymoma, thyroid
cancer, thyroid gland tumors, and corpus cancer of the uterus.
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The expressions tumor, cancer, and neoplasm are used synonymously in the context of
this invention.

Examples

In this application the results of local toxicity studies in animals as well as clinical
studies in patients are reported. All these studies have been performed in accordance
with current Good Clinical Practice (GCP) guidelines and have been approved by local
ethics committees. Patient studies furthermore followed the current international
declaration of Helsinki for human experimentation.

Example 1

Local toxicity studies after intrathecal bolus injection in rabbits

The local safety and tolerability of a pharmaceutical preparation comprising the
antisense oligonucleotide against mRNA of TGF-beta2 identified by SEQ ID NO 5 was
demonstrated in local toxicity studies applying said oligonucleotide intrathecally into
rabbits as a bolus.

Two studies were carried out each with eight rabbits (2/gender/treatment group)
administering 0.1 ml of a 14 microM or a 500 microM solution of said oligonucleotide
in normal saline, respectively, by single intrathecal bolus injection into the
subarachnoidal space of the lumbar region. The control groups received 0.9% NaCl
solution in the same manner. Local reactions were inspected macroscopically 2, 6, and
30 hours after administration. Six and 30 hours after administration 1
animal/gender/group was sacrificed. Brain tissue samples (thickness approx. 5 microm)
were examined histologically.

In none of the rabbits any clinical signs of toxicity or macroscopically visible changes
were noted for both concentrations. In both studies the histopathological examination
revealed no substance-related histomorphological lesions in the subarachnoidal space of
the lumbar region. No substance-related changes were observed in the gray and white
matter of the spinal cord. The nerve trunk and nerve cells did not show any
abnormalities.

One control rabbit (0.9 % sodium chloride) showed moderate to marked hemorrhage in
the leptomeninx and in the nerve trunk, a mild malacia and infiltration of neutrophilic
granulocytes and moderate fibrinous deposits.

All animals except one control rabbit (0.9 % sodium chloride) revealed mild to
moderate hemorrhages in the white matter, lumen of the central canal, gray matter
and/or subarachnoidal space. All these changes are considered to be due to the
mechanical damage caused by the intrathecal injection and, hence, are not substance-
related.

Conclusively, the oligonucleotide identified with the sequence ID No. 5 revealed an
excellent local tolerability in rabbits after intrathecal bolus application up to a
concentration of 500 microM of the oligonucleotide solution.

Example 2

Local toxicity study after intrathecal bolus injection in cynomolgus monkeys

The intrathecal bolus application described in example 1 was repeated in cynomolgus

monkeys to investigate the safety and local tolerance of a solution of the antisense

oligonucleotide with sequence ID No. 5 in a higher developed animal. Due to the

excellent local tolerability of the 500 microM solution of the said antisense
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oligonucleotide against the mRNA of TGF-beta2 only this one concentration was
investigated.

Two cynomolgus monkeys were treated with 0.1 mL of a 500 microM solution (0.9 %
sodium chloride) of an oligonucleotide hybridizing with the mRNA of TGF-beta2
identified in the sequence protocol by SEQ ID NO 5 by single intrathecal bolus
injection into the subarachnoidal space of the lumbar region. Local reactions were
inspected macroscopically 2, 6 and 30 hours after administration and then the animals
were sacrificed. Brain tissue samples (thickness approx. 5 microm) were examined
histologically.

No clinical signs of toxicity and no macroscopically visible changes were noted in the
monkeys. The histopathological examination revealed no substance-related
histomorphological lesions in the subarachnoidal space of the lumbar region. No
changes were noted in the gray and white matter of the spinal cord. The nerve trunk and
nerve cells did not show any abnormalities. Both monkeys revealed a mild focal mixed-
cell infiltration of the leptomeninx, associated with a mild focal mineralization in the
region of the inflammation. The changes are not considered to be substance-related but
due to the mechanical damage caused by the intrathecal injection.

Conclusively, as observed before in the experiments with rabbits described in example 1
the said oligonucleotide revealed also in monkeys an excellent local tolerability when
applied as a highly concentrated 500 microM solution. Local toxic effects could not be
observed.

Example 3

Local toxicity study after continuous intracerebral infusion in rabbits

Based on the excellent local tolerability of the 500 microM solution of the
oligonucleotide identified by the SEQ ID NO. 5 after intrathecal bolus application in
rabbits and monkeys described in example 1 and 2, a long-term continuous intracerebral
infusion of a 500 microM solution of said oligonucleotide over seven days was
investigated in rabbits with regards to local toxicity.

Eight rabbits (2/gender/treatment group) were treated with a 500 microM solution (0.9
sodium chloride) of an antisense oligonucleotide against the mRNA of TGF-beta2
identified in the sequence listing by SEQ ID NO 5 by continuous infusion into the
cerebral parenchyma of the brain or with 0.9% sodium chloride solution as control,
respectively. The infusion was performed at a flow rate of 1 microL/h for a period of 7
days employing a subcutaneously implanted osmotic pump. Clinical signs and mortality
were checked and recorded daily. 6 and 30 hours after the end of infusion 1
animal/gender/group was sacrificed. Brain tissue samples (thickness approx. 5 microm)
were examined histologically.

In none of the rabbits any clinical signs of toxicity or macroscopically visible changes
were noted.

In both groups, substance-treated and control group, focal degeneration and necrosis of
the nervous tissue with proliferation of the glial cells, and the occurrence of a
homogeneous yellow-green material and dark neurons as well as mild to moderate
haemorrhages were noted. These lesions are considered to be related to the continuous
infusion process and to the immersion fixation and, therefore, are not substance-related.
There was no difference between the sacrifice 6 and 30 hours after the end of the
application.

Conclusively, a 500 microM solution of said oligonucleotide when applied
intracerebrally with a flow of 1 microl/h was well tolerated in rabbits.

17



10

15

20

25

30

35

40

WO 2006/117400 PCT/EP2006/062067

Example 4

Effect of oligonucleotide concentration in the treatment of malignant glioma
patients

The evaluation herein was performed to compare the 40 microM and the §0 microM
dosing of TGF-beta2 specific oligonucleotide in malignant glioma patients refractory to
or recurrent after standard therapy (surgery, radiotherapy, and different therapies with
antineoplastic substances).

The antisense oligonucleotide against the mRNA of TGF-beta2 identified by SEQ ID
NO 5 was administered by a catheter intratumorally into the center of the targeted tumor
lesion. Patients were treated with a 40 microM (4 patients) and a 80 microM
(13 patients) solution of said oligonucleotide (0.9% sodium chloride) at a flow rate of
4 microl/min and 8 microL/min, respectively.

Table No. 1 shows the comparison between the mean survival of the patients and the
number of patients with complete remission after treatment with the 40 microM and the
80 microM solution of the antisense oligonucleotide against the mRNA of TGF-beta2
identified in the sequence protocoll by the SEQ ID NO 5.

Table No. 1:
Dose Number of | Survival after Number of
patients start of patients with
AP 12009 complete
(median, weeks) remission
40 microM 4 9.6 0
80 microM 13 35.9 1

Patients treated with the 40 microM solution showed a median of about 9.6 weeks of
survival after start of the treatment with said oligonucleotide, whereas patients treated
with the 80 microM solution showed a median of about 35.9 weeks of survival after
start of the treatment with said oligonucleotide. However, only in the group treated with
the 80 microM solution patients with complete remission were observed.

The chosen concentrations of the oligonucleotide solutions as well as the flow rates
were much lower compared to the conditions used in the animal experiments described
in the example 3 where up to a oligonucleotide solution with 500 microM and a flow
rate of 1 microL/h no local toxic effects were observed.

Example 5

Effect of low concentrated oligonucleotide solutions in the treatment of malignant
glioma patients

The evaluation herein was performed to compare the low concentrated 2.5 microM and
the 10 microM dosing of TGF-beta2 specific oligonucleotide in malignant glioma
patients refractory to or recurrent after standard therapy (surgery, radiotherapy, and
different therapies with antineoplastic substances).

The antisense oligonucleotide against the mRNA of TGF-beta2 identified by the SEQ
ID NO 5 was administered by a catheter intratumorally into the center of the targeted
tumor lesion. Patients were treated with a 2.5 microM (3 patients) and a 10 microM
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(4 patients) solution of said oligonucleotide (0.9% sodium chloride) at a flow of
4 microl/min.

Table No. 2 shows the comparison between the mean survival of the patients and the
number of patients with complete remission after treatment with the 2.5 microM and the
10 microM solution of the oligonucleotide hybridizing with the mRNA of TGF-beta2
identified in the sequence protocoll by SEQ ID NO 5.

Table No. 2:
Dose Number of | Survival after Number of
patients start of AP patients with
12009 complete
(mean, weeks) remission
2.5 microM 3 52 0
10 microM 4 44 1

Surprisingly, the low concentrated solutions of said oligonucleotide showed a high
mean survival of the treated patients when the solution at the flow rate of 4 microL/min
was administered. Patients treated with the 2.5 microM solution showed a mean of
about 52 weeks of survival after start of the treatment with said oligonucleotide.
Patients treated with the 10 microM solution showed a mean of about 44 weeks of
survival after start of the treatment with said oligonucleotide. However, only in the
group treated with the 10 microM solution patients with complete remission were
observed.

Example 6

Effect of oligonucleotide concentration in the treatment of anaplastic astrocytoma
patients

The evaluation herein was performed to compare the 2.5 microM, 10 microM and the
80 microM dosing of TGF-beta2 specific oligonucleotide in anaplastic astrocytoma
patients refractory to or recurrent after standard therapy (surgery, radiotherapy, and
different therapies with antineoplastic substances).

The antisense oligonucleotide against the mRNA of TGF-beta2 identified in the
sesquence protocoll by SEQ ID No. 5 was administered by a catheter intratumorally
into the center of the targeted tumor lesion. Patients were treated with a 2,5 microM, a
10 microM and a 80 microM solution of said oligonucleotide (0.9% sodium chloride) at
a flow rate of 4 microL/min and 8 microL/min, respectively. The oligonucleotide has a
molecular weight of 6142.4 g/M as sodium salt and 7115.3 g/M as sodium salt hydrate.
Therefore, the total amount of the oligonucleotide applied was about 344 microg/d
(sodium salt), respectively 398 microg/d (sodium salt comprising crystal water).

Case reports:

Patient #1 diagnosed with anaplastic astrocytoma was treated with a 2.5 microM
solution (0.9 % sodium chloride) of the antisense oligonucleotide against the mRNA of
TGF-beta2 with the SEQ ID No. 5 applied with a continuous flow of 4 microL/min for
4 days (2 cycles) directly into the tumor by a catheter. Patient #1 showed a survival of
about 146 weeks after treatment which was surprisingly high compared to the standard
therapy with temozolomide resulting in a median survival of about 42 weeks
(Theodosopoulos et al. 2001).
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Patient #4 diagnosed with anaplastic astrocytoma (4 tumor lesions/metastases, including
two on the contralateral side) was treated with a 10 microM solution (0.9 % sodium
chloride) of the antisense oligonucleotide against the mRNA of TGF-beta2 with the
SEQ ID NO 5 which was applied at a continuous flow rate of 4 microL/min for 4 days
directly into the largest tumor by a catheter. Patient #17 diagnosed with anaplastic
astrocytoma was treated with an 80 microM solution (0.9 % sodium chloride) of the
oligonucleotide hybridizing with the mRNA of TGF-beta2 identified in the sequence
protocoll by the SEQ ID No. 5 at a flow rate of 8 microl/min.

Table No. 3:
Patient Number of cycles | Concentration | Months (from baseline*) | Tumor volume after
number of maximal tumor size 17 months of
observation
#4 1 10 microM 2.5 12 ecm’
#17 12 80 microM 9.7 27 cm’

* baseline is the startpoint when treatment with the pharmaceutical preparation
comprising the oligonucleotide, identified in the sequence listing with SEQ ID NO 5,
was started.

Patient #4 treated with a pharmaceutical preparation comprising 10 microM of the
oligonucleotide identified in the sequence protocol with SEQ ID NO 5 as well as the
patient #17 treated with the same pharmaceutical preparation with 80 microM of said
oligonucleotide showed nearly the same tumor volume at the baseline. Patient #4
reached the maximum of tumor size of about 58 cm’ after about 2.5 month, whereas in
patient #17 tumor growth to a maximum of 66 cm’ could be observed up to about
9.7 months.

After about 17 months of observation the tumor volume of patient # 4 was reduced to
about 12 ¢cm’, whereas the tumor of patient #17 still had about double the volume
(27 cm?).

Additionally, compared to the 10 microM dosed patient (#4) already showing tumor
regression only after one application cycle, the 80 microM dosed patient (#17) needed
12 cycles to achieve tumor regression.

Example 7

Effect of oligonucleotide concentration in the treatment of malignant glioma
patients by application with a flow of 4 microL/min

The evaluation herein was performed to compare the 10 microM and the 80 microM
dosing of a TGF-beta2 specific oligonucleotide applied at a flow rate of 4 microL/min
in malignant glioma patients refractory to or recurrent after standard therapy (surgery,
radiotherapy, and different therapies with antineoplastic substances).

The antisense oligonucleotide against the mRNA of TGF-beta2 identified by SEQ ID
NO 5 was administered as a continuous intratumoral high-flow microperfusion. Patients
were treated with 10 microM (9 patients) and 80 microM (10 patients) oligonucleotide
solution (0.9 % sodium chloride) with a flow of 4 microL/min for seven days followed
by a seven day drug-free interval (= one cycle). Patients were treated with up to 12
cycles.
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Table No. 4:
Dose Number | Number of patients Patients with Difference tumor size to
of patients | with reduction in progressive disease baseline, last visit
tumor size (%) (median, mm?)
10 microM 9 5 33.3% -264
80 microM 10 2 50% 19940

Table No. 4 depicts a comparison of tumor size reduction between baseline and last
visit, the number of patients with progressive disease and with a reduction in tumor size
between malignant glioma patients treated with a 10 microM and a 80 microM solution
of the antisense oligonucleotide against the mRNA of TGF-beta2 identified by SEQ ID
NO 5 applied at a flow rate of 4 microL/min.

From the group of patients treated with the 10 microM solution of said oligonucleotide
administered at a flow rate of 4 microL/min only 33.3% of the patients showed a
progressive disease compared to 50% of the patients treated with the 80 microM
solution of said oligonucleotide at the same flow rate. Five from nine patients showed a
reduction in tumor size in the 10 microM group compared to only 2 from 10 patients in
the 80 microM group. The difference in tumor size between baseline and last visit was
reduced to —264 mm’ (median) in the 10 microM group. In contrast, the group receiving
the 80 microM solution showed an increase in tumor size to 19940 mm’ (median).

Example 8

Effect of oligonucleotide concentration in the treatment of anaplastic astrocytoma
patients

The evaluation herein was performed to compare the 10 microM and the 80 microM
dosing of a TGF-beta2 specific oligonucleotide in anaplastic astrocytoma patients,
refractory to or recurrent after standard therapy (surgery, radiotherapy, and different
therapies with antineoplastic substances). Patients were selected as described in
example 2.

The antisense oligonucleotide against mRNA of TGF-beta2 identified by SEQ ID NO 5
was administered as a continuous intratumoral high-flow microperfusion. Patients were
treated with 10 microM (11 patients) and 80 microM (11 patients) solution (0.9 %
sodium chloride) of said oligonucleotide at a flow rate of 4 microL/min for seven days
followed by a seven day drug-free interval (= one cycle). Patients were treated with up
to 12 cycles.

The number of anaplastic astrocytoma patients with symptoms due to disease
progression (Aes grade 1 to 4 and SAE) in the group of patients treated with the
10 microM solution of said oligonucleotide was surprisingly low compared to patients
infused with the 80 microM solution as shown in Figure 1. Only one patient out of
eleven of the 10 microM group was affected compared to nine out of eleven patients of
the 80 microM group. In the 10 microM group only grade 3 symptoms were observed.
In the 80 microM group 6 from the 9 symptoms were graded/judged as SAEs (serious
adverse events).
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Example 9

Compatibility of the flow rate in the treatment of malignant glioma patients

The antisense oligonucleotide against the mRNA of TGF-beta2 identified in the
sequence listing by SEQ ID NO 5 was administered as a continuous intratumoral high-
flow microperfusion. Patients were treated with a 10 microM solution of said
oligonucleotide at a flow rate of 4 microL/min, and 40 microL/min applying 5.75 mL
and 57 mL in 24 h, respectively. Each flow rate was well tolerated demonstrating the
safety of application of a 10 microM solution up 40 microl./min in patients.

Example 10

Effect of oligonucleotide concentration in the treatment of malignant glioma
patients

The evaluation herein was designed to test the 10 microM dosing of a TGF-beta2
specific oligonucleotide in anaplastic astrocytoma patients refractory to or recurrent
after standard therapy (surgery, radiotherapy, and different therapies with antineoplastic
substances).

The antisense oligonucleotide against the mRNA of TGF-beta2 identified by SEQ ID
NO 5 was administered as a continuous intratumoral high-flow microperfusion. Patients
were treated with 10 microM oligonucleotide solution (0.9 % sodium chloride) with a
flow rate at 4 microL/min for seven days followed by a seven day drug-free interval (=
one cycle). Patients were treated with up to 12 cycles.

Figure 2 shows the decrease in tumor size in three anaplastic astrocytoma patients
treated with a 10 microM solution of said oligonucleotide applied with at a flow rate of
4 microL/min. Patient #409 (Figure 2A) showed a reduction of tumor size of about 19
cm’ to about 7 cm’ after five months of treatment. The tumor of patient #412
(Figure 2B) shrunk of about 39 cm’ to about 26 cm’ after only two months of treatment
with the 10 microM solution of said oligonucleotide. The size of the tumor of patient
#413 (Figure 2C) reduced of about 19 cm’ to about 11 cm’ upon treatment with
10 microM solution of said oligonucleotide.

In contrast patient # 17 (Figure 2D), treated with a concentration of 80 microM of said
oligonucleotide and at a flow rate of 8 microL/min showed an increased tumor growth
during the first 5 months of about 8 cm’ to about 18 cm’.

Example 11

Survival data of patients with anaplastic astrocytoma

A multi-national randomized active-controlled clinical phase II study was performed.
Eligible patients had AA, WHO grade III refractory to or recurrent after standard
therapy (surgery, radio- and chemotherapy) and were not suitable for another tumor
resection. Patients had not received antitumor therapies for 10 days prior to study entry
(median: 42 days, range 10 to 295 days prior to start of treatment with the
oligonucleotide). Karnofsky performance status (KPS) was at least 70%. Patients with
clinically significant acute infections, major cardiovascular abnormalities or poorly
controlled seizures as well as pregnant and lactating females were excluded.

A catheter was implanted in every patient and the perforated part of the catheter was
placed into the solid, contrast enhancing area of the tumor lesion. The catheter was
inserted through a standard burr hole into the largest tumor lesion present.

A port system was implanted into a subcutaneous pouch on the anterior chest wall. The
port catheter was tunneled subcutaneously and connected to the tumor catheter, and the
port to an external pump.
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The oligonucleotide with SEQ ID NO 5 dissolved in 0.9 % of sodium chloride solution
was infused via the pump through the port into the tumor with a continuous flow.
During the seven-day interval between two cycles of treatment with oligonucleotide,
isotonic saline was infused at ImicroL/min. During the course of the study most of the
patients received prophylactic antibiotics preoperatively, but no prophylactic steroids.
The oligonucleotide was administered intratumorally as a continuous high-flow
microperfusion using external pump devices, PEGASUS® Vario (PEGASUS GmbH,
Kiel). The catheter and the application system were removed at the end of the whole
infusion period. For safety assessment, patient follow-up was performed for 28 days.
The investigators continued to collect survival data.

Survival data of 38 patients were evaluated out of which 12 patients treated with 10
microM oligonucleotide solution, 14 patients were treated with 80 microM and 12
patients in the control group received a standard chemotherapy with temozolomide or
PCV (a chemotherapeutic regiment, consisting of procarbazine, CCNU, and vincristin,
see below for more details).

In the 10 microM group 83.3 % of the patients were under the age of 55, in the 80
microM group 85.7 % and in the control group 91.7 %. As age is known to be a
prognostic factor influencing a patient’s outcome, the control group with over 90%
younger patients had a better chance of survival compared to the groups treated with the
oligonucleotide, especially the group with the 10 microM concentration of
oligonucleotide. Despite this worse baseline situation the group with the oligonucleotide
with SEQ ID NO 5 had a much higher survival chance than in the control group or the
group with 80 microM concentration of oligonucleotide. Adjusted according to age
(analysis of covariance), this difference became even more significant.

Also Karnofsky’s Performance Status (KPS) is known as prognostic factor. In the
control group, many more patients were included with a higher (= better) KPS: KPS >
80 in AP10 group 66.6% in AP80 group 71.4%, and in control group 83.3%.
The gender distribution was also different. The group with 10 microM oligonucleotide
had 50 % males, the 80 microM group had 92.9% males, and the control group had 50%
males. Gender does not seem to have an effect on survival chance, therefore no
adjustment for this parameter was needed.

The results of the study are as depicted in Table No. 5 and in Figure 6.

A typical standard PCV-cycle consists of a 29 day treatment period followed by a 4
week treatment-free period. During the 29 day treatment period CCNU, Vincristine and
Procarbazine are administered according to the scheme below (Levin et al 1990):

Day 1 110 mg/m2 CCNU orally
Days 8 and 29 1.4 mg/m2 (2mg/m?2 maximum) per day Vincristine intravenously
Days 8 to 21 60 mg/m?2 per day Procarbazine orally
Table No. 5

10 micro M 10 microM 80 microM

versus versus versus

80 microM control control
HR 3.4 1.7 0.9
HR (age)* 3.8 1.8 0.9

* Hazard ratio with “age” as covariate
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The Hazard Ratio (HR) compares the survival chance between two groups at any time
point. Since the outcome (survival) is significantly influenced by the age difference at
the beginning, this difference has to be considered by applying an analysis of
covariance which adjusts the results for this difference at beginning. An age adjusted
Hazard Ratio (HR(age)) of 1.8 for 10 microM versus control means that the survival
chance for any single patient is 1.8 times higher when he receives SEQ ID NO 5 in a
concentration of 10 microM over receiving standard chemotherapy (i.e. temozolomide
or PCV=a chemotherapeutic regiment, consisting of procarbazine, CCNU and
vincristin). And the survival chance is 3.8fold higher for patients receiving SEQ ID
NO 5 in a concentration of 10 microM over patients receiving this oligonucleotide in a
concentration of 80 microM.

Example 12

Comparison of different oligonucleotide concentrations on TGFbeta2 secretion in
A-172 cell line

Cell culture: The human glioblastoma cell line A-172 (Accession no. CRL-1620) was
established from a 53-year old man with a glioblastoma.

The A-172 tumor cells were cultivated in DMEM-medium with 4.5 g/L. glucose and
10% (v/v) FCS at 37°C, 5% CO2, and 95% relative humidity according to the
instructions of the Cell Line Service. To investigate TGF-beta2 suppression, 40,000 A-
172 cells/well were seeded into 12-well tissue culture plates. Six hours after seeding the
supernatants were removed and replaced by a treatment solution consisting of cell
culture medium containing 5 microM, 10 microM, or 80 microM of antisense
oligonucleotide identified by SEQ ID NO 5. Medium of the negative control (=
untreated cells) was changed without addition of SEQ ID NO 5. The exchange was
repeated after 2 and 4 days. On day 7 the supernatants were collected and analyzed for
secreted TGF-beta2 by using Enzyme-Linked Immunosorbent Assay (ELISA).
Methods: TGF-beta2 was quantified by a standard TGF-beta2-ELISA-Kit according to
the manufacturer’s instructions. The supernatants were cleared of cellular components
by centrifugation (850 g, 5 min). TGF-beta2 analysis was performed with the
Multiskan Ascent Type 354 200-240V plate reader using a 4 parameter logistic.
Results: The human glioblastoma cell line A-172 was tested in a set of TGF-beta2
secretion experiments to evaluate the effect of different concentrations of the antisense
oligonucleotide identified by SEQ ID NO 5. A-172 cells produce TGF-beta2 under cell
culture conditions. Duration of cell treatment (7 days) as well as the three different
concentrations (5 microM, 10 microM, 80 microM) of SEQ ID NO 5 were chosen.

10 microM of oligonucleotide identified by SEQ ID NO 5 was found to be the best
inhibitor of TGF-beta2 expresiion compared to 5 and 80 microM of this
oligonucleotide.
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The reference in this specification to any prior publication (or information derived fromit),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of
endeavour to which this specification relates.

Throughout this specification and claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” or “comprising”, will
be understood to imply the inclusion of a stated integer or group of integers or steps but not
the exclusion of any other integer or group of integers
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of treating a patient suffering from a neoplasm comprising
the step of administering a pharmaceutical composition comprising an
oligonucleotide having the sequence identified in the sequence listing as Seq.
ID No. 5 in a concentration of about 5 to about 12.5 uM at a flow rate of about

2 pl/min to about 10 pl/min for a time of about 4 to about 7 days.

2. The method of claim 1 wherein the oligonucleotide has one or more
chemical modifications at the sugar, the base moiety and/or the

internucleoside linkages.

3. The method of claim 1, wherein at least one linkage between two
consecutive nucleotide building blocks is a phosphorothioate or a

methylphosphonate, or an amino acid backbone is linked to nucleic acid bases.

4. A method of treating a patient suffering from a disease that is
modulated by TGF-beta2 by administering to the patient a pharmaceutical
preparation comprising an oligonucleotide of 8 to 30 nucleotides in a
concentration of about 1 pM to about 25 pM, wherein said oligonucleotide
hybridizes with a messenger RNA of a TGF-beta2 gene.

5. The method of claim 4, wherein the preparation is for administering at a
flow rate of about 0.1 microlL/min to about 0.1 mL/min, more preferably about
0.5 microL/min to about 0.05 mL/min, even more preferably of about 0.8
microL/min to about 0.04 mL/min, even more preferred of about 1 microL/min
to about 0.02 mL/min, even more preferred to about 2 microl/min to about

10 microl/min, most preferred 4 microL/min.

6. The method of claim 4, wherein the preparation is for administering at a
flow rate of about 5 microlL/min to about 2 mL/min, more preferably about

0.05 mL/min to 1 mL/min, even more preferably of about 0.1 mL/min to about
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0.5 mL/min, even more preferred of about 0.3 mL/min toc about 0.4 mL/min,

most preferred about 0.35 mL/min.

7. Use of at least one oligonucleotide with a length of from 8 to 30
nucleotide building blocks for manufacturing a pharmaceutical preparation for
the prophylaxis and/or the treatment of diseases, that are modulated by TGF-
beta2 in a mammal, wherein said oligonucleotide hybridizes with a messenger
RNA of a TGF-beta2 and wherein said preparation comprises said
oligonucleotide in a concentration of about 1 microM to about 25 microM for
administration at a flow rate of 2 microlL/min to 10 microlL/min for 4 to 14

days.

8. Use according to claim 7, wherein the pharmaceutical preparation
comprises the oligonucleotide in a concentration of about 1 microM to about
15 microM, more preferred of about 2.5 microM to about 14 microM, even
more preferably of about 4 microM to about 13 microM, even more preferably
of about 5 microM to 12.5 microM, most preferably of about 20 microM, 10

microM or 5 microM.

9. The use of any of claims 7 or 8, wherein at least one nucleotide building
block comprises a nucleotide with a 2'-modification of the ribonucleotide, in a
preferred embodiment the 2'-modification is a methoxy- or a

methoxyethyloxy-group.

10. The use of any of claims 7 to 9, wherein said oligonucleotide is a singie

stranded oligonucleotide.
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11. The use of any of claims 7 to 10, wherein at least one linkage between
two consecutive nucleotide building blocks is a phosphorothicate or a

methylphosphonate.

12. The use of any one of the claims 7 to 11, wherein the oligonucleotide is
one of the sequences identified in the sequence listing with SEQ ID NOs 1 to
93, most preferred are sequences with SEQ ID NOs 5.

13. The use of any one of the claims 7 to 12 for the prophylaxis and/or the
treatment of a disease selected from the group of cancer, metastases, disease

of the nervous system and immunosuppression.

14. The use of any one of the claims 7 to 13, wherein said preparation is

used for administering an infusion into a tissue, a tumor, or a body cavity.

15. The use of claim 14, wherein said tissue is selected from the group of
bile duct, bladder, bone, bone marrow, brain, breast, colon, endometrium,
epithelium, gall, gall bladder, head, head and neck, heart, intestine, joints,
kidney, larynx, liver, lung, lymphatic node, lymphatic vessels, muscle,
oesophagus, ovary, pancreas, prostate, rectum, urinary duct, skin and its
layers, spleen, stomach, testis, thymus, thyroid, tonsil, or uterus or the tumor
is selected from the group of adamantinoma of long bones, adenoma,
ameloblastoma, anaplastic astrocytoma, astrocytoma, bile duct carcinoma,
bladder carcinoma, bone carcinoma, bone marrow carcinoma, brain tumor,
breast cancer, bronchogenic carcinoma, cervical cancer, cervical cancer of
uteri, chondroma, chorio carcinoma, colon carcinoma, colorectal carcinoma,
cystadeno carcinoma, embryonal carcinoma, endometrial cancer,
ependymoma, esophageal cancer, fibroma, follicular thymoma, gallbladder
cancer, gastric cancer, glioblastoma, glioma, gliosarcoma, head and neck
cancer, cancer of the heart, hepatocellular cancer, cancer in the
intraperitoneal cavity, cancer of the intestine, carcinoma of the kidney, larynx

cancer, lipoma, liver carcinoma, lung carcinoma, cancer of the lymphatic node,
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cancer of the Iymphatic vessels, malignant glioma, mesenthelioma,
menigioma, medullary carcinoma, myoma, neuroblastoma, non-small-cell
bronchogenic/lung  carcinoma, oesophagus cancer, oligoastrocytoma,
oligodendroglioma, osteosarcoma, ovarian cancer, pancreas carcinoma,
papillary  carcinoma, papillary adenocarcinoma, papillar  thymoma,
pheochromocytoma, prostate cancer, rectal cancer, renal cancer, renal cell
carcinoma, urinary duct carcinoma, sebaceous gland carcinoma, seminoma,
skin cancer, small-cell lung carcinoma, smalil intestine carcinoma, soft tissue
cancer, spleen carcinoma, squamous cell carcinoma, stomach carcinoma,
teratoma, testicular carcinoma, testis carcinoma, thymoma, thyroid cancer,
thyroid gland tumors, and corpus cancer of the uterus or the body cavity is

joint cavity or ventricular space.

16. The use of claim 14, wherein the body cavity is the intraperitoneal

space or the pleural cavity.

17. The use according to claim 7, wherein said preparation is for
administering into a brain tumor, more preferred into astrocytoma including
glioma, glioblastoma and oligoastrocytoma, oligodendroglioma, gliosarcoma
and anaplastic astrocytoma.

18.  The use of any one of the claims 7 to 17, wherein said preparation is for
administering for about 3 to 8 days.

19. The use of any one of the claims 7 to 18, wherein said preparation is for
administering a plurality of courses, more preferred about 2 to 20 times, each
of said courses being separated by an interval of between one day and 12
weeks, more preferred about 2 days to about 8 weeks, even more preferred
about 4 days to about 4 weeks, and even more preferred about 6 days to
about 12 days.
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20. The use of any of claim 7 to 19 for the treatment of a mammal, more

preferred a human being.

21. A method according to any one of claims 1 to 6, or a use according to
any one of claims 7 to 20, substantially as hereinbefore described by reference
to the Figures and/or Examples.
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Sequence listing:

Seq. Id. No. Sequences

1 gtagtacacgatgg

2 ctgatgtgttgaagaaca
3 ctotgatgtgttgaag

4 cgatagtcttgcag

5 cggcatgictatttigta

6 gctttcaccaaattggaage
7 ctggctittgggtt

8 cagcacacagtagt

9 tcgagcticcececa

10 ccccgageccaagg

11 cccgacgageegg

12 acgcaccaaggcga
13 cgggttgtcgagece

14 cggceagtgeeccg

15 cgeaattctgeteg

16 ttegttgtgeteee

17 attccgacteggtg

18 acgtgcgtcatcaccgt
19 ccaagaagce

20 cctaatgcecttcca

21 tcagcagggecagg

22 gcaaagttcagcagggce
23 ggcaaagttcagcagg
24 gtggcaaagticagcagg
25 gtggcaaagttcag

26 gaccgtggcaaagttcag
27 agagaggctgaccgt
28 gagagagagaggctgac
29 acagagagaggctga
30 gtggacagagagagg
31 caactggacagagagagg
32 fcticttgatgtggee

33 ccctcticticttgatg

34 caccctcttettct

35 atggatttctitggceat

36 ggattictitgge

37 aagttggactctcttctc
38 taagttggactctcttct

39 taggagtggttgagge
40 gtgtaggagtgattgag
41 ctgtgtaggagtgg

42 cccacatgectgtg

43 cgatgaacaacgag

44 ctggcgatgaacaacg
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cgcetggegatgaac
gagctagtccegtig
gcgaagagctagtec
ccagttatgcgaagagce
ccccagttatgcgaag
cggctcaccgecetegge
catttgttgtgctgtagg
ggtctgcattcacatttg
catctgcaagtacgttcg
cacatctgcaagtacgtt
gtcacatctgcaagtacg
gcttgaagatgtaccicg
gtaaaactggatcatctc
cttcttttgcaagtctgt
tgagctgtgcatgecttc
agtcaggaggaccag
tgggtgccctggect
catgttaggcaggtt
aggcatctcggagatcet
aaagtcttcactctge
aacaagttgtccagetg
catcacctectccag
gggtcttcaggtictcece
cacggccttgetetigtt
ttattaaaggcattctic
aagatgtcaaactcactc
gtagttgatgaagatgtc
gatttiggagacctct
tcagctatcccagage
ggctgggtcagctat
aaatcgttcacagagaag

tetttctaaategticac
cagttcggactatact

gcccaagticaaca
catagaaggtcgtttc
aggttigcgtagac
gttccteatgegcettc
gtttgcaactgetg
gtccgtgcagaagtcctg
ggaagaaactatgagagt
cttagggaagaaactatg
agaacaaagaagagcc
cagcaagagaacaaag
cgacattcagtaaaagtg
cttctggagataactaga
cataagacacagtcttac
gaaagcataagacacagt
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