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Method for stabilisina of nucleic acids

The present invention relates to a method for stabilising of nu-
cleic acids.

Nucleic acids have been shown to be promising drugs in spe-
cial fields of medicine. Especially interesting fields, wherein
nucleic acids are pharmaceutically used are vaccination with na-
ked DNA or RNA, using the general immunostimulatory effect of
specific polynucleotides, especially in vaccination with spe-
cific (recombinant) antigens, antisense treatments and gene ther-
apy treatments.

Vaccination with naked nucleic acids is becoming one of the
most promising advances in the development of new generation vac-
cines. Many advances and specific strategies have been proposed
for such vaccination to become useful tools in vaccination tech-
nology. ' ‘

The use of nucleic acids as general immunostimulants is also
developing from academic research to medical practice. The immune
system recognises lower organisms including bacteria probably due
to structurual and sequence usage differences between pathogen
and host DNA. In particular short stretches of DNA derived from
non-vertebrates or in form of short synthetic oligodeoxynucleo-
tides (ODNs) containing non-methylated cytosine—guanine dinucleo-
tides (CpG) in a certain base context, are targeted. CpG motifs
are found at the expected frequency in bacterial DNA but are much
less frequent in vertebrate DNA. In addition, non-vertebrate CpG
motifs are not methylated whereas vertebrate CpG sequences are.
The difference between bacterial DNA and vertebrate DNA allow
vertebrates to recognise non-vertebrate DNA as a danger signal.
Moreover, cells of the innate immune system recognise double
stranded RNAs of viruses as danger signal.

Antisense and/or gene therapy treatments are also topics
wherein the medical application of nucleic acids plays a central
role.

However, in order to achieve a sufficient pharmaceutical ef-
ficacy in all these fields of application, nucleic acids to be
applied prophylactically or therapeutically should comprise a
certain stability, especially in vivo.

In order to enhance effectivity of nucleic acids, especially

to prolong the half-life-time in vivo when applied to an individ-
CONFIRMATION COPY
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ual severél attempts have been made in the prior art. For example
in nucleic acid vaccination, sophisticated and complicated pack-
aging systems have been proposed for the nucleic acid, e.g. mi-
crospheres, liposomes, virosomes, emulsions, micelles, etc. Such
packaging systems have their merits mainly in delivering nucleic
acids into the cells but not for efficiently and directly stabi-
lising of nucleic acids, especially DNA. On the other hand, modi-
fications of the nucleic acids, especially in the phosbhate
backbone, have been reported to be effective in prolonging the
half-time of such molecules (see e.g. US 5,663,153 and US
5,723,335). Such molecules having at least one phosophorothioate
bond, however, are unnatural substances providing a risk, espe-
cially when applied to humans, both with respect to potential
degradation products as well as with respect to accumulation of
such substances, if applied over prolonged time range. Moreover,
the potency and safety of such modified nucleic acids in humans
remain to be established.

The object of the present invention therefore is to provide
a method for stabilisation, especially in vivo stabilisation of
nucleic acids, especially DNA, to be applied in a pharmaceutical
context. '

This object is solved by a method for stabilisation of nu-
cleic acids characterised in that nucleic acids are contacted
with a polycationic polymer. Preferred polycationic polymers ac-
cording to the present invention are polycationic peptides, espe-
cially polyarginine, polylysine and similar compounds.

It could surprisingly be shown with the present invention
that polycationic polymers, preferably a polycationic peptide,
especially a poly amino acid, such as polyarginine have protect-
ing and stabilising effect on nucleic acids, especially nucleic
acids with naturally occuring phosphodiester bonds. The present
invention is therefore especially suited for nucleic acids lack-
ing an artificial modification in their phosphate backbone. A
preferred embodiment of the present invention is therefore aimed
at a method for stabilising deoxyribonucleic acids comprising di-
phosphate groups between the nucleoside residues (i.e. lacking
phosphorothioate bonds) .

Although also modified nucleic acids may be used according
to the present invention, the efficacy of the present invention
is especially evident in the application of nucleic acid applica-
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tion in medicine with nucleic acids having an unmodified back-
bone; especially with unmodified DNA and RNA.

According to another aspect the present invention also re-
lates to the use of a polycationic polymer, preferably a polyca-
tionic peptide, especially polyarginine and the like for
stabilising nucleic acids. As stated above the use according to
the present invention is especially suitable for stabilising nu-
cleic acids comprising phosphodiester groups between the nucleo-
side residues, especially deoxyribonucleic acids.

It has surprisingly been found out that the chemistry of the
nucleic acids (e.g. the ODNs) is of significantly higher impor-
tance than the sequence (e.g. CpG motifs). Therefore, with the
present invention better results in the specific activity of nu-
cleic acids in their natural form are achieved compared to the
phophorothioate modified molecules, although in the prior art the
latter ones were held more effective.

The present invention is especially suitable, if stabilisa-
tion should occur in an aqueous solution or suspension, prefera-
bly in a solution or suspension to be applied ("ready to use") to
an individual, especially e.g. in a vaccine as in a gene therapy
or antisense drug.

The aqueous solution or suspension can additionally comprise
buffer substances, pharmaceutical excipients and carriers, fur-
ther stabilisiers, further drugs, etc., especially those auxil-
iary substances known in the art to be applied together with the
mixture of nucleic acids with polycationic polymers.

It has been shown according to the present invention that
the use of a polycationic polymer, preferably a polycationic pep-
tide, according to the present invention allows a prolongation of
the in vivo half-life of the nucleic acid applied to an individ-
ual, regardless of the specific application, i.e. regardless
whether the nucleic acid is applied e.g. as specific "naked" DNA
vaccine, as a general immunostimulant, as an antisense drug or
gene therapy drug. This enables a long term effectivity of such
drugs based on nucleic acids, such as DNA, RNA or PNA.

The polycationic compound(s) to be used according to
the present invention may be e.g. any polycationic compound which
shows the characteristic effect according to the WO 97/30721.
Preferred polycationic compounds are selected from basic polypep-
tides, organic polycations, basic polyaminoacids or mixtures
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thereof. These polyaminoacids should have a chain length of at
least 4 amino acid residues. Especially preferred are substances
containing peptidic bounds, like polylysine, polyarginine and
polypeptides containing more than 20%, especially more than 50%
of basic amino acids in a range of more than 8, especially more
than 20, amino acid residues or mixtures thereof. Other preferred
polycations and their pharmaceutical compositons are described in
WO 97/30721 (e.g. polyethyleneimine) and WO 99/38528. Preferably
these polypeptides contain between 20 and 500 amino acid resi-
dues, especially between 30 and 200 residues.

These polycationic compounds may be produced chemically or
recombinantly or may be derived from natural sources.

Cationic (poly)peptides may also be polycationic anti—bacte—
rial microbial peptides. These (poly)peptides may be of prokary-
otic or animal or plant origin or may be produced chemically or
recombinantly or derived from natural sources. Peptides may also
belong to the class of defensins.

Such host defense peptides or defensives are also a pre-
ferred form of the polycationic polymer according to the present
invention. Genérally, a compound allowing as an end product acti-
vation (or down-regulation) of the adaptive immune system, pref-
erably mediated by APCs (including dendritic cells) is used as
polycationic polymer.

Especially preferred for use as polycationic substance in
the present invention are cathelicidin derived antimicrobial pep-
tides or derivatives thereof (A 1416/2000, incorporated herein by
reference), especially antimicrobial peptides derived from mammal
cathelicidin, preferably from human, bovine or mouse, or neuroac-
tive compounds, such as (human) growth hormone (as described e.g.
in wW001/24822).

Polycationic compounds derived from natural sources include
HIV-REV or HIV-TAT (derived cationic peptides, antennapedia pep-
tides, chitosan or other derivatives of chitin) or other peptides
derived from these peptides or proteins by biochemical or recom-
binant production. Other preferred polycationic compounds are
cathelin or related or derived substances from cathelin, espe-
cially mouse, bovine or especially human cathelins and/or cathe-
licidins. Related or derived cathelin substances contain the
whole or parts of the cathelin sequence with at least 15-20 amino
acid residues. Derivations may include the substitution or modi-
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fication of the natural amino acids by amino acids which are not
among the 20 standard amino acids. Moreover, further cationic
residues may be introduced into such cathelin molecules. These
cathelin molecules are preferred to be combined with the anti-
gen/vaccine composition according to the present invention. How-
ever, these cathelin molecules surprisingly have turned out to be
also effective as an adjuvant for a antigen without the addition
of further adjuvants. It is therefore possible to use such cathe-
1lin molecules as efficient adjuvants in vaccine formulations with
or without further immunactivating substances.

Another preferred polycationic substance to be used accord-
ing to the present invention is a synthetic peptide containing at
least 2 KLK—mbtifs separated by a linker of 3 to 7 hydrophobic
amino acids, especially leucine (A 1789/2000, incorporated herein
by reference).

In any way, the polycationic compounds, especially the pep-
tides to be used according to the present invention should not be
immunogenic by themselves (i.e. not eliciting an immune response)
but only assist in immune response.

The invention is further described by means of the following
examples and drawing figures, however, not to be restricted
thereto.

Fig. 1 shows the generation of specific immune responses
with pR and CpG containing ODNs;

Fig. 2 shows the generation of specific immune responses
with pR and deoxy I or deoxy U containing ODNs;

Fig. 3 shows the generation of specific immune responses
with pR and a cocktail of deoxy-U containing ODNs;

Fig. 4 shows the generation of specific immune responses
with pR and ODNs;

Fig. 5 shows the induction of long lasting immune responeses
with pR;

Fig. 6 shows the generation of specific immune responses
with KLK and deoxy I containing ODNs;

Fig. 7 shows the generation of specific immune responses
with KLK and deoxy I containing ODNs;

Fig. 8 shows a 1% agarose gel of DNA treated by DNAses in
the presence or absence of pR.
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EXAMPILES
Example 1

Generation of specific immune responses against an ovalbumin-de-
rived peptide (OVAj;ss-26¢) with pR and CpG-containing oligodeoxynu-
cleotide CpG 1668 (not substituted with thiophosphate).

Mice ' C57Bl1/6 (Harlan/Olac)
Peptide OVAzs7-26a—Peptide (SIINFEKL), a MHC
' class I (H-2Kb)-restricted epi-

tope of chicken ovalbumin (Rotz-
schke et al., 1991), synthesized
by standard solid phase F-moc
synthesis, HPLC purified and ana-
lysed by mass spectroscopy for
purity
Dose: 300ug/mouse

Poly-L-arginine (pR) Poly-L-arginine with an average
degree of polymerization of 43
arginine residues; SIGMA chemi-
cals
Dose: 100ug/mouse

CpG-ODN 1668 thiophosphate substituted ODNs
containing CpG-motif:
tcc atg acg ttc ctg atg ct, were
synthesized by Purimex GmbH,
G6ttingen.
Dose: 5Snmol/mouse

CpG-ODN 1668 b ODNs containing CpG-motif (not
substituted with thiophospate) :
tcc atg acg ttc ctg atg ct, were
synthesized by Purimex GmbH,
Goéttingen.
Dose: 5nmol/mouse

Experimental groups (4 mice per group)

1. OVAzs7-26¢ + PR
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OVA2s7-264 + CpG-ODN 1668
OVAzs7-264 + CpG-ODN 1668 b
OVAzs7-264 + CPG-ODN 1668 + DR
OVAzs7-264 + CPG-ODN 1668 b + pR

u b W

on day 0 mice were injected into each hind footpad with a total
volume of 100 pl (50 pl per footpad) containing the above-men-
~ tioned compounds. Animals were sacrificed 4 days after injection
and popliteal lymph nodes were harvested. Lymph nodes were passed
through a 70 um cell strainer and washed twice with DMEM me-
dium (GIBCO BRL) containing 5% fetal calf serum (FCS, SIGMA
chemicals). Cells were adjusted to the appropriate cell number in
DMEM/5%/FCS. An IFN-y ELISPOT assay was carried out in tripli-
cates as described (Miyahira et al., 1995). This method is a
widely used procedure allowing the quantification of antigen-spe-
cific T cells. Lymphocytes were stimulated ex vivo in triplicates
with medium (background-control), OVAzs,-2ea—peptide, an irrelevant
peptide TRP-21s1-188 and Concanavalin A (Con A). Spots representing
single IFN-Y producing T cells were counted and the number of
background spots was substracted from all samples. The high num-
ber of spots detected after the stimulation with Con A (data not
shown) indicates a good condition of the used lymphocytes. For
each experimental group of mice the number of IFN-y-producing
cells/lxlO6 lymph node cells are illustrated in Figure 1, the
standard deviation of ex vivo-stimulated triplicates is given.

This experiment shows that the injection of OVAzs26¢ with
thiophosphate substituted CpG-ODN 1668 enhances OVAxr-2es—specific
immune responses compared to the injection of OVAzsr-2: in combina-
tion with poly-L-arginine. The co-injection of poly-L-arginine
strongly enhances the CpG-ODN 1668-induced immune response. In
contrast, when CpG-ODN 1668 b, which is not substituted with
thiophosphates, was used, only upon co-injection of poly-L-ar-
ginine a high immune response was induced.

Example 2
Generation of specific immune responses against a melanoma-de-

rived peptide (TRP-21s.-1ss) with pR and deoxy-Inosine modified oli-
gonucleotide I-ODN 2b (phosphodiester bonds, not substituted with
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thiophosphate) or deoxy-Uridine monophosphate modified oligonu-
cleotide U-ODN 13b (phosphodiester bonds, not substituted with
thiophosphate).

Mice C57B1/6 (Harlan/Olac)

Peptide _ TRP-2-peptideisi-1ss (VYDFFVWL), a
MHC class I (H-2Kb)-restricted
epitope of mouse tyrosinase re—
lated protein-2 (B1l6 melanoma,
Bloom, M.B. et al., J Exp. Med
1997, 185, 453-459), synthesized
by standard solid phase F-moc
synthesis, HPLC purified and ana-
lysed by mass spectroscopy for
purity
Dose: 100ug/mouse

Poly-L-arginine (pR) Poly-L-arginine with an average
degree of polymerization of 43
arginine residues; SIGMA chemi-
cals
Dose: 100pg/mouse

I-ODN 2 thiophosphate substituted ODNs
containing deoxy-Inosine:
tcc atg aci ttc ctg atg ct, were
synthesized by Purimex GmbH,
Gottingen.

Dose: 5nmol/mouse

I-ODN 2b v ODNs containing deoxy-Inosine
(not substituted with thiopho-
spate):
tcc atg aci ttc ctg atg ct, were
synthesized by Purimex GmbH,
Gottingen.

Dose: 5nmol/mouse
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U-ODN 13 thiophosphate substituted ODNs
containing deoxy-Uridine mono-
phosphate:
tcc atg acu ttc ctg atg ct, were
synthesized by Purimex GmbH,
Géttingen.

Dose: 5nmol/mouse

U-ODN 13b ODNs containing deoxy-Uridine
monophosphate (not substituted
with thiophospate) : _
tcc atg acu ttc ctg atg ct, were
synthesized by Purimex GmbH,
Gottingen.

Dose: 5nmol/mouse

Experimental groups (4 mice per group)

1. TRP-2is1-188

2. TRP-2181-188 + PR

3. TRP-21p1-188 + I-ODN 2

4., TRP-2151-188 + I-ODN 2 b

5. TRP-2151-188 + U-ODN 13

6. TRP-21s1-188 + U-ODN 13 b

7. TRP-21s1-188 + I-ODN 2 + DR

8. TRP-2151-188 + I-ODN 2 b + DR
9. TRP-2151-188 + U-ODN 13 + DR
10.TRP-21g1-188 + U-ODN 13 b + PR

The injections of mice and the analysis of the immune response
were performed as described in example 1. Results are shown in
Fig. 2. For ex vivo restimulation of lymphnode cells TRP-2is1-188
was used as specific peptide, OVAzss26¢ @s irrelevant peptide.

This experiment shows that the injection of TRP-2isi-188 with
thiophosphate substituted I-ODNs or U-ODNs strongly enhances TRP-
21s1-18-Specific immune responses compared to the injection of TRP-
21s1-18s alone. The co-injection of poly-L-arginine with the respec-
tive ODN further enhances these responses. In contrast, when I-
ODN 2b or U-ODN 13b, which are not substituted with thiophos-
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phates, were used, only upon co-injection of poly—L—arginihe a

strong immune response was induced.

Example 3

Generation of specific immune responses against a melanoma-de-
rived peptide (TRP-2is-1ss) With pR and a cocktail of deoxy-Uridine
monophosphate modified oligonucleotides (U-ODN 15b, not substi-
tuted with thiophosphate).

Mice C57Bl/6 (Harlan/Olac)

Peptide TRP-2-peptideisi-1ss (VYDFFVWL), a
MHC class I (H-2Kb)-restricted
epitope of mouse tyrosinase re-
lated protein-2 (B1l6 melanoma,
Bloom, M.B. et al., J Exp. Med
1997, 185, 453-459), synthesized
by standard solid phase F-moc
synthesis, HPLC purified and ana-
lysed by mass spectroscopy for
purity
Dose: 100ug/mouse

Poly-L-arginine (pR) Poly-L-arginine with an average
degree of polymerization of 43
arginine residues; SIGMA chemi-
cals
Dose: 100pg/mouse

U-ODN 15 b Cocktail of ODNs containing de-
oxy-Uridine (not substituted with
thiophosphate) :
nhh hhh wdu dhh hhh hhh wn, were
synthesized by Purimex GmbH,
Gottingen. (n = GCAT, h = CAT, w
= AT, d = GAT)

Dose: 5nmol/mouse

Experimental groups (4 mice per group)
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1. TRP-21s1-188

2. TRP-21s1-188 + DR

3. TRP-2151-188 + U-ODN 15 b

4. TRP-21g1-188 + U-ODN 15 b + pR

The injections of mice and the analysis of the immune response
were performed as described in example 1. Results are shown in
Fig. 3. For ex vivo restimulation of lymphnode cells TRP-2isi-188
was used as specific peptide, OVAzs-26¢ @s irrelevant peptide.

Upon co-injection of TRP-2is-15s, PR and a cocktail of U-ODNs
not substituted with thiophosphates (U-ODN 15b) the TRP-2isi-188—
specific immune responses is strongly enhanced compared to the
injection of TRP-2is-188 alone or TRP-2isi-188 with pR or U-ODN 15b,
respectively.

Example 4

Melanoma-derived peptide (TRP-2i-153)-specific immune responses
induced by pR and different oligodeoxynucleotides (phosphodiester
bonds, not substituted with thiophosphate) are long lasting.

Mice C57B1/6 (Harlan/Olac)

Peptide TRP-2-peptideisi-1ss (VYDFFVWL), a
MHC class I (H-2Kb)-restricted
epitope of mouse tyrosinase re-
lated protein-2 (B1l6 melanoma,
Bloom, M.B. et al., J Exp. Med
1997, 185, 453-459), synthesized
by standard solid phase F-moc
synthesis, HPLC purified and ana-
lysed by mass spectroscopy for
purity v
Dose: 100pg/mouse

Poly-L-arginine (pR) Poly-L-arginine with an average
degree of polymerization of 43
arginine residues; SIGMA chemi-
cals
Dose: 100pg/mouse
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CpG-ODN 1668 thiophosphate substituted ODNs
containing CpG-motif:
tcc atg acg ttc ctg atg ct, were
synthesized by Purimex GmbH,
Goéttingen.
Dose: 5nmol/mouse
U-ODN 13 thiophosphate substituted ODNs
containing deoxy-Uridine mono-
phosphate:
tcc atg acu ttc ctg atg ct, were
synthesized by Purimex GmbH,
Goéttingen.
Dose: 5nmol/mouse
U-ODN 13 b ODNs containing deoxy-Uridine
. monophosphate (not substituted
with thiophospate) :
tcc atg acu ttc ctg atg ct, were
synthesized by Purimex GmbH,
Go6ttingen.
Dose: 5nmol/mouse
U-ODN 15 Cocktail of thiophosphate substi-
tuted ODNs containing deoxy-
Uridine: ‘
nhh hhh wdu dhh hhh hhh wn, were
synthesized by Purimex GmbH,
Géttingen. (n = GCAT, h = CAT, w
= AT, d = GAT)
Dose: 5nmol/mouse
U-ODN 15 b Cocktail of ODNs containing de-
| oxy-Uridine (not substituted with
thiophosphate) : A
nhh hhh wdu dhh hhh hhh wn, were
synthesized by Purimex GmbH,
Goéttingen. (n = GCAT, h = CAT, w
= AT, d = GAT)

Dose: 5nmol/mouse

Experimental groups (5 mice per group)
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1. TRP-21g1-188
2. TRP-2181-188 + DR
3. TRP-21s1-188 + CpG 1668
4. TRP-21g1-188 + U-ODN 13
5. TRP-21s1-188 + U-ODN 13Db
6. TRP-21s1-188 + U-ODN 15
7. TRP—2181-188 + U-ODN 15b
8. TRP—2i1g1-188 + PR + CpG 1668
9, TRP-21s81-188 + PR+ U-ODN 13

10.TRP-21s1-188 + PR + U-ODN 13b
11 .TRP-21s1-188 + PR+ U-ODN 15
12.TRP-21s1-188 + PR + U-ODN 15b

The injections of mice were performed as described in example 1.
Results are shown in Fig. 4. For the analysis of the immune re-
sponse at day 40 after injection single cell suspensions of
spleen cells were prepared. Spleen cells were restimulated ex
vivo with TRP-2:1s-188 as specific peptide, OVAzsr-26a @s irrelevant
peptide and ConA.

The injection of TRP-21s:-188 with pR, CpG 1668, U-ODN 13 or a
cocktail of thiophosphate substituted U-ODNs (U-ODN 15) enhances
TRP—2181-1s§—specific immune responses compared to the injection of
TRP-21s1-188 alone. The co-—irijection of poly-L-arginine with CpG
1668 or U-ODN 13 increases this response significantly (only
slightly in the case of U-ODN 15). In contrast, when U-ODN 13 or
U-ODN 15 b, which are not substituted with thiophosphates, were
used, only upon co-injection of poly-L-arginine a high immune re-
sponse was induced. Remarkably, the response after injection of
PR/U-ODN 15b (not substituted with thiophosphate) significantly
exceeds the response induced by pR/U-ODN15 (substituted with
thiophosphate) .

Example 5
Induction of 1long lasting specific immune responses against a

melanoma-derived peptide (TRP-214:-13s) upon co-injection of TRP-
2,01-18s With pR and CpG-containing oligodeoxynucleotide CpG 1668b
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(phosphodiester bonds, not substituted with thiophosphate).

Mice C57B1/6 (Harlan/Olac)

Peptide ‘ TRP-2-peptideisi-1ss (VYDFFVWL), a
MHC class I (H-2Kb)-restricted
epitope of mouse tyrosinase re-
lated protein-2 (Bl6 melanoma,
Bloom, M.B. et al., J Exp. Med
1997, 185, 453-459), synthesized
by standard solid phase F-moc
synthesis, HPLC purified and ana-
lysed by mass spectroscopy for
purity
Dose: 100ng/mouse

Poly-L-arginine (pR) Poly-L-arginine with an average
degree of polymerization of 43
arginine residues; SIGMA chemi-
cals
Dose: 100ug/mouse

CpG-ODN 1668 Db ODNs containing CpG-motif (not
substituted with thiophospate):
tcc atg acg ttc ctg atg ct, were
synthesized by Purimex GmbH,
Gottingen.

Dose: 5nmol/mouse

Experimental groups (5 mice per group)

TRP—-2181-188

TRP-21s1-188 + PR

TRP-21s1-188 + CpG 1668 b
TRP-21s1-188 + PR+ CpG 1668 b

=W N

The injections of mice were performed as described in example 1.
Results are shown in Fig. 5. For the analysis of the immune re-
sponse at day 6, 49 and 98 after injection single cell suspen-
sions of spleen cells were prepared. Spleen cells were
restimulated ex vivo with TRP-21s1-18s as specific peptide, OVAzs7-ze64
as irrelevant peptide (data not shown) and ConA.
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Co-injection of TRP-21s1-13s, PR and CpG 1668b results in sig—‘
nificantly higher numbers of peptide-specific IFN-g producing
cells compared to injection of TRP-2is1-18s Wwith pR or CpG 1668b,
respectively. This is not only observable at day 6 but also at
later time points (day 49, day 98) after single injection, indi-
cating a potent and long lasting immune stimulatory effect of the
combination pR/CpG 1668 Db.

Example 6

Generation of specific immune responses against an OVA;s;..c—DE€p-—-
tide with KLK and deoxy-Inosine modified oligonucleotide I-ODN 2b
(phosphodiester bonds, not substituted with thiophosphate).

Mice : C57B1/6 (Harlan/Olac)

Peptide OVAzs7-26s—Peptide (SIINFEKL), a MHC
class I (H-2Kb)-restricted epi-
tope of chicken ovalbumin (Rotz-
schke et al., 1991), synthesized
by standard solid phase F-moc
synthesis, HPLC purified and ana-
lysed by mass spectroscopy for
purity
Dose: 300ug/mouse

KLK KLKLLLLLKLK-COCH
Dose: 168ug/mouse

I-ODN 2 b ODNs containing deoxy-Inosine
(not substituted with thiopho-
spate) :

tcc atg aci ttc ctg atg ct, were
synthesized by Purimex GmbH,
Gottingen.

Dose: 5nmol/mouse

Experimental groups (5 mice per group)

1. OVAzs7-264 + KLK
2. OVAzs7-26¢ + I-ODN 2b
3. OVAzs7-264 + KLK + I-ODN 2b
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The injections of mice were performed as described in example 1.
Results are shown in Fig. 6. For the analysis of the immune re-
sponse at day 7 after injection blood was taken and peripheral
blood mononuclear cells were isolated by Ficoll-gradient. PBMCs
were restimulated ex vivo using OVAass-264 @s specific peptide, TRP-
2181-188 as irrelevant peptide and ConA.

Injection of OVAzs7-26s with KLK or I-ODN 2b induces no pep-
tide-specific IFN-y-production. However, upon co-injection of
OVAzs7-264, KLK and I-ODN 2b high numbers of OVAzsizei—specific IFN-Y
producing T cells are detectable.

Example 7

Generation of specific immune responses against a melanoma-de-
rived peptide (TRP-2is-103) with KLK and a deoxy-Inosine modified
oligonucleotide I-ODN 2b (phosphodiester bonds, not substituted
with thiophosphate).

" Mice : C57B1l/6 (Harlan/Olac)

Peptide TRP-2-peptideisi-iss (VYDFFVWL), a
MHC class I (H-2Kb)-restricted
epitope of mouse tyrosinase re-
lated protein-2 (B16 melanoma,
Bloom, M.B. et al., J Exp. Med
1997, 185, 453-459), synthesized
by standard solid phase F-moc
synthesis, HPLC purified and ana-
lysed by mass spectroscopy for
purity
Dose: 100upg/mouse

KLK KLKLLLLLKLK-COOH
Dose: 168upg/mouse
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I-ODN 2 b ODNs containing deoxy-Inosine
(not substituted with thiopho-
spate) :
tcc atg aci ttc ctg atg ct, were
synthesized by Purimex GmbH,
Gottingen.

Dose: 5nmol/mouse

Experimental groups (5 mice per group)

1. TRP-181-188

2. TRP—-is1-188 + KLK

3. TRP—1s1-188 + I-ODN 2b

4. TRP-151-188 + KLK + I-ODN 2b

The injections of mice were performed as described in example 1.
Results are shown in Fig. 7. For the analysis of the immune re-
sponse at day 7 after injection blood was taken and peripheral
blood mononuclear cells were isolated by Ficoll-gradient. PBMCs
were restimulated ex vivo using TRP-2is:1-138 as specific peptide,
OVAas7-264 @S 1irrelevant peptide and ConA. |

Injection of TRP-21s1-13s @alone or in combination with KLK or
I-ODN 2b induces no peptide-specific IFN-y-production. In con-
trast, upon co-injection of TRP-2is-188, KLK and I-ODN 2b very high
numbers of peptide-specific IFN-y-producing T cells are detect-
able.

Example 8
Poly-L-arginine prevents degradation of DNA by serum DNAses

To investigate the protective effect of pR in preventing the deg-
radation of DNA by DNAses the following in vitro experiment was
performed. To show a possible in vivo relevance serum was used as
source of DNases.

The DNA-plasmid pSP65 (1,58ug/2pl) was incubated with serum
(8pl) from naive mice in the presence or absence of poly-L-ar-
ginine (2,4pg/2,4ul) for 1h at 37°C. Addition of heparin (1,6U /
1,6ul) for 20minvat RT was used for the dissociation of DNA/pR-
complexes allowing DNA to migrate into the gel. Figure 8 shows an
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1% agarose gel (30min / 100Volt). As control a 100bp DNA marker
(GIBCO BRL) was used.

Typical circular plasmid supercoiled/coiled/relaxed band
pattern is observable for untreated pSP65 DNA. Incubation of DNA
with serum results in degradation, detected as a smear of various
random DNase cleavage products. This degradation by serum DNases
is prevented upon addition of poly-L-arginine.

Thus, poly-L-arginine stabilizes DNA against enzymatic deg-
radation and prolongs DNA half life and biocavailability.
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Claims:

1. Method for stabilisation of nucleic acids characterised in
that nucleic acids are contacted with a polycationic polymer.

2. Method according to claim 1, characterised in that said nu-
cleic acid is a deoxyribonucleic acid comprising diphosphate

groups between the nucleoside residues.

3. Use of a polycationic polymer for stabilisation of nucleic

acids.
4, Use according to claim 3 for stabilising a deoxyribonucleic

acid comprising phosphodiester groups between the nucleoside

residues.

5. Use according to claim 3 or 4, characterised in that said
nucleic acids are stabilised in an aqueous solution or suspen-

sion.

6. Use according to claim 5, characterised in that said polyca-
tionic polymer is a polycationic peptide, preferably polypep-
tides containing more than 20%, especially more than 50% of basic
amino acids in a range of mor than 8 amino acid residues.

7. Use according to any one of claims 3 to 6, characterised in
that the in vivo half-life of a nucleic acid applied to an indi-
vidual is prolonged.
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