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IC31 NANOPARTICLES

The present invention relates to pharmaceutical compogsi-
tions, especially to immunogenic compositions, and methods of
producing such compositions.

Vaccination is generally considered to be the most efficient
and cost-effective method of preventing infectious diseases.
With the introduction of adjuvants (compounds that stimulate the
immune system and increase the response to a vaccine, without
having any specific antigenic effect in themselves) the quality,
efficacy and sustainability of the immune response generated by
vaccines was significantly improved.

Until very recently, however, the only adjuvant widely used
in registered vaccines was alum (aluminium salts). Many adju-
vants with superior potency compared to alum are unacceptable
for medical use due to toxic side effects (e.g. complete and in-
complete Freund's adjuvant). However, a variety of novel and
well-tolerated adjuvants are currently being tested in the clin-
ic.

One of the most promising Thl-type adjuvants is known under
the name IC31® (WO 04/084938 A). IC31® comprises two synergising
components: a synthetic antimicrobial peptide, KLK (SEQ ID NO 1;
herein also referred to as KLK peptide or KLKL:KLK; see also WO
02/32451 A) and an oligodeoxynucleotide acting as a TLRY ago-
nist, ODNla (SEQ ID NO 2; herein also referred to as (dIdC)is,
oligo-d(IC);3 or oligo-(dIdC)is; see also WO 01/93905 A). Upon
mixing, KLK and ODNla form a stable complex via ionic and hydro-
phobic interactions and, in combination with an antigen, provide
immune stimulation wvia the TLR9/MyD88 pathway, activation of
dendritic cells and the promotion of potent antigen-specific
cellular and humoral immune resgsponses (Lingnau et al., Expert
Rev. Vaccines 6 (2007), 741-7406).

IC31® has been tested successfully in a number of vaccina-
tion strategies (Lingnau et al., Expert Rev. Vaccines 6 (2007),
741-746; Kamath et al., Eur. J. Immunol. 38 (2008), 1247-12506;
Riedl et al., Vaccine 26 (2008), 3461-3468; Schellack et al.,
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Vaccine 24 (2006), 5461-5472; Kamath et al., PlosOne 11 (2008),
Olafsdottir et al., Scan. J. Immunol. 69 (2009), 194-202; WO
2004/084938 A; WO 02/053185 A; WO 02/053184 A; WO 2004/084937
A).) Vaccines against influenza, tuberculosis, Group B meningo-
coccus and HCV are currently being developed with IC31® as an ad-
juvant.

As indicated above, numerous reports are available regarding
IC31®°-containing vaccines; however, one aspect of the production
process of this adjuvant was not considered in the prior art:
when KLK and ODNla are mixed under the previously specified con-
ditions to generate IC31%®, a precipitate is immediately formed.
Since this suspension cannot be sterile filtered through a 0.2
um filter, the two components are first dissolved separately in
aqueous solutions (i.e., KLK 1in water; ODNla in Tris/NaCl or
phosphate/NaCl buffer) and sterile filtered before mixing. Once
the two components are mixed, the precipitate forms; conse-
quently, all subsequent formulation steps must be performed un-
der aseptic conditions (see Fig. 1). This necessity complicates
the production process of IC31%-containing compositions signifi-
cantly.

It is therefore an object of the present invention to pro-
vide nanoparticulate IC31®-containing pharmaceutical compositions
and improved methods for producing such compositions which do
not encompass the disadvantages in the production process de-
scribed above for classical IC31® formulations.

Therefore, the present invention provides a pharmaceutical
composition in ligquid form comprising KLK peptide and ODNla,
wherein the peptide and the oligodeoxynucleotide are present as
stable nanoparticles in a suspension, characterized in that the
mean particle size of the complexes comprising the peptide with
the amino acid segquence KLKLsKLK and the oligodeoxynucleotide
with the nucleic acid sequence (dIdC)i:;3, herein referred to as
IC31® complexes, is less than 1 pm, preferably less than 0.8 um,
more preferably less than 0.7 pm, even more preferably less than
0.5 pm, still more preferably less than 0.2 um, and most pref-
erably less than 0.1 um.
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The term ‘mean particle size’ as used throughout the present
specification shall mean that 50% of all particles of the IC31°
complexes (composed of KLK and ODNla) present in the composition
have a diameter larger than that given value, and 50% have a di-
ameter smaller than that given value. The mean particle size ac-
cording to the present invention, especially for the above defi-
nition, 1is preferably determined by dynamic light scattering
(DLS) .

The term ‘nanoparticle’ or ‘nanoparticulate’ as used
throughout the present specification shall mean that the mean
particle size 1is less than 1 um, preferably less than 0.8 um,
more preferably less than 0.7 pm, even more preferably less than
0.5 pm, still more preferably less than 0.2 um, and most pref-
erably less than 0.1 um.

In a preferred embodiment, at least 90% of all IC31® com-
plexes (composed of KLK and ODNla) in the composition have a di-
ameter of less than 1 um.

The term ‘stable’ as used throughout the present specifica-
tion shall mean that the mean particle size of the IC31® composi-
tion remains less than 1 um, preferably less than 0.8 pm, more
preferably less than 0.7 pm, even more preferably less than 0.5
um, still more preferably less than 0.2 pm, and most preferably
less than 0.1 um, for at least 2 days, preferably at least 3
days, more preferably for at least 5 days, even more preferably
for at least 21 days, even more preferably for at least 50
days, still more preferably for at least 57 days, more prefera-
bly for at least 200 days, most preferably for at least one year
stored at 2°C to 8°C, preferably at 4°C, or even more preferred
at room temperature (RT). In a preferred embodiment, the mean
particle size increase is less than 2 fold of the initial mean
particle size for at least 2 days, preferably at least 3 days,
more preferably for at least 5 days, even more preferably for at
least 21 days, even more preferably for at least 50 days, still
more preferably for at least 57 days, more preferably for at
least 200 days, and most preferably for at least one year stored

at 2°C to 8°C, preferably at 4°C, or even more preferred at room
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temperature (RT). The initial mean particle size may be deter-
mined directly after formulation of the nanoparticulate IC31°
compositions according to the invention or shortly thereafter,
for example, within 24 hours after formulation, preferably with-
in 12 hours.

The term ‘room temperature’ as used throughout the present
invention shall mean 18°C to 26°C, preferably 22°C to 25°C.

In a preferred embodiment, at least 90% of the particles in
IC31® nanoparticle compositions remain less than 1 um, preferably
less than 0.8 um, more preferably less than 0.7 pum, even more
preferably less than 0.5 pm, still more preferably less than 0.2
pm, and most preferably less than 0.1 pm, for at least 2 days,
preferably for at least 3 days, more preferably for at least 5
days, even more preferably for at least 21 days, even more pref-
erably for at least 50 days, still more preferably for at least
57 days, more preferably for at least 200 days, and most pref-
erably for at least one year.

In another preferred embodiment, the stable IC3f®nanoparti—
cle compositions have a mean particle size of less than 0.2 um
for at least 2 days, preferably for at least 3 days, more pref-
erably for at least 5 days, even more preferably for at least 21
days, even more preferably for at least 50 days, still more
preferably for at least 57 days, more preferably for at least
200 days, and most preferably for at least one year. Due to the
sustained small particle size, sedimentation of any such stable
nanoparticle compositions is not detectable for at least 2 days,
preferably for at least 3 days, more preferably for at least 5
days, even more preferably for at least 21 days, even more pref-
erably for at least 50 days, still more preferably for at least
57 days, more preferably for at least 200 days, and most pref-
erably for at least one year.

In a preferred embodiment, the nanoparticulate IC31® compo-
sitions are filterable through a 0.4 pm filter. The term ‘fil-
terable’ as used throughout the present specification shall mean
that at least 60%, more preferably at least 6b5%, 70%, 75%, 80%,
85%, 90%, 95%, most preferably at least 100% of both of the com-
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ponents of IC31® can be recovered from the filtrate after having
passed through the filter. Recovery is determined preferably by
High Performance Liguid Chromatography (HPLC), especially for
the above definition of the term ‘filterable’. In an even more
preferred embodiment, the nanoparticulate IC31® compositions are
sterile-filterable through a 0.2 um filter, i.e. at least 60%,
more preferably at least 65%, 70%, 75%, 80%, 85%, 90%, 95%, most
preferably at least 100% of both of the components of IC31® can
be recovered from the filtrate after having passed through the
0.2 uym filter.

With the present invention, a nanoparticulate composition of
IC31® is provided, which is a suspension of IC31® complexes that
have a mean particle size of less than 1 um, preferably less
than 0.8 pm, more preferably less than 0.7 um, even more pref-
erably less than 0.5 pm, still more preferably less than 0.2 pm,
and most preferably less than 0.1 um, hereinafter shall be re-
ferred to as ‘nanoparticulate IC31® . It was already known that,
due to the size of the particles formed in classical IC31® formu-
lations, which have a mean particle size of 5 to 50 um, sterile
filtration of these formulations 1is not possible. Therefore,
other methods of sterilisation commonly used in the art were
tested on classical IC31® formulations, including vy-irradiation
and autoclaving. It was found that these sterilisation tech-
niques cannot be applied to the final IC31® composition due to
partial destruction of KLK and ODNla by such methods. Therefore,
further investigations focused on reducing the particle size in
IC31®°-containing preparations to generate sterile-filterable na-
noparticulate compositions; i.e., with a mean particle size of
less than 1 um, preferably less than 0.2 pm. Unfortunately, the
techniques for providing nanoparticles which are usually ap-
plied, such as high pressure homogenization and sonication, also
turned out to be unsuitable for classical IC31°.

Upon continued investigation, it was found that lowering the
ionic strength of the classical IC31® composition led to de-
creased precipitation; however, the low ionic strength alone did

not result in a stable nanoparticulate composition which could
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be used for reproducible preparations suitable for sterile fil-
tration, as KLK and ODNla were removed by filtration of the for-
mulations. Moreover, a further reduction of ionic strength, i.e.
an IC31® composition without ions or buffers, upon sterile fil-
tration, revealed that ODNla was not detectable in the filtrate.
This can be explained as KLK and ODNla forming a complex immedi-
ately after mixing resulting in increased turbidity. This
KLK/ODNla complex forms particles that are removed by the fil-
tration. As the most preferred molar ratio in classical IC31® is
25(KLK) :1(ODNla), all ODNla present 1is complexed with KILK,
whereas excess KLK remains free in the supernatant and is not
retained by a filter. This would also apply to any such other
low ionic strength IC31® composition, in which KLK is present in
significant excess of ODNla, e.g. of 10:1 to 100:1, or of 20:1
to 50:1. This result indicated that lowering of the ionic
strength alone is not sufficient to generate a stable nanopar-
ticulate IC31® composition.

Accordingly, it became surprisingly apparent that it was
possible to obtain a suitable nanoparticulate IC31° composition
by using a lower ionic strength if an energy input was applied
to the formulation after mixing KLK and ODNla. The energy input
can be supplied e.g. as a moderate heating step, processing by
homogenization or sonication, or a combination thereof, e.g. a
heating step followed Dby a homogenization and/or sonication
step. However, any homogenization or sonication step inherently
comprises a heating step as well, since each homogenization or
sonication cycle results in a temperature increase. Thus, an ac-
cording homogenization or sonication step alone would also re-
sult in nanoparticulate IC31® compositions according to the pre-
sent invention, as long as the required amount of energy is pro-
vided. These energy-adding steps and their conditions should be
designed to not have a detrimental impact on the composition,
egspecially if the composition comprises additional active ingre-
dients, such as e.g. one or more antigens. The conditions de-
scribed in the present specification are not detrimental to IC31°®

or its components. Based on the description of the present in-
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vention and the nature of the additional components of the com-
position, a person skilled in the art can readily design appro-
priate energy input steps and conditions for the particular com-
position of interest, e.g. further comprising one or more spe-
cific antigens. In compositions with an appropriately reduced
ionic strength, energy input in the range of moderate heating -
e.g. 1in a water bath at 40°C, 43°C, 45°C, 50°C or 55°C and the
like - or by an according homogenization or sonication step, is
sufficient to generate the appropriate particle sizes in the
IC31® composition which even allows for sterile filtration. As
further specified below for IC31® formulated in Water For Injec-
tion (herein also referred to as “WFI”), more energy is required
to result in nanoparticles than for compositions having low ion-
ic strength; thus, either a more intense heating, homogeniza-
tion, or sonication step would be needed, or more than one en-
ergy input step could be combined (e.g. a heating step followed
by a homogenization and/or sonication step) to obtain the de-
sired mean particle size. The required sonication conditions
will vary depending on ligquid volume, type of sonication equip-
ment, position of the probe and temperature of the solution,
etc.

These nanoparticulate IC31® compositions according to the
present invention are also sufficiently stable to allow indus-
trial production of pharmaceutical compositions which fulfil GMP
standards. For example, the compositions do not become too tur-
bid (e.g. ODssy < 0.2) and/or would have a particle size too
large for sterile filtration after storage at 2°C to 8°C, pref-
erably at 4°C, or most preferably at room temperature for at
least 24 h, e.g. after storage of at least 2 days, more prefera-
bly at least 3 days, at least 5 days, at least 10 days, at least
21 days, at least 50 days, at least 57 days, more preferably at
least 200 days, most preferably for at least one year.

The mean particle size of the stable nanoparticulate IC31°®
compositions according to the present invention may slightly in-
crease over storage time, depending e.g. on the storage term,

storage conditions, and/or composition components. However, the
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mean particle size can be decreased again by applying an energy
input as described above, e.g. by another heating and/or homog-
enization and/or sonication step.

With the present invention, it is therefore made possible to
provide a stable nanoparticulate IC31® composition which allows
novel and simplified production processes for sterile pharmaceu-
tical compositions, especially vaccines containing IC31°.

According to the present invention, the KLK peptide and
ODNla are prepared in aqueous solutions, mixed at a molar ratio
as further described below, the appropriate buffer components
(e.g., Tris, Histidine, ammonium bicarbonate, etc.) are added,
an energy input 1is provided, and, preferably, sterile-filtered
to produce IC31® compositions. The compositions according to the
present invention are provided as an aqueous mixture that is a
nanosuspension, meaning a suspension of nanoparticles as de-
scribed above (due to reduction of particle size in the IC31°
complexes formed), i.e. a nanoparticulate IC31® composition.

Preferably, the KLK peptide is present in the compositions
according to the present invention in a concentration of at
least 10 pmol/mL, preferably of at least 100 pmol/mL, especially
of at least 500 pmol/mL. Preferred concentration ranges of KLK
are therefore 10 pmol/mL to 1000 nmol/mL, preferably 100 pmol/mL
to 50 nmol/mL, especially 500 pmol/mL to 10 nmol/mL. Another
preferred concentration of KLK can be up to 3300 nmol/mL. Ac-
cordingly, the ODNla is preferably present in a concentration of
at least 0.5 pmol/mL, even more preferred at least 4 pmol/mL,
especially at least 20 pmol/mL. Preferred concentration ranges
of ODNla are therefore 0.5 nmol/mL to 40 nmol/mL, preferably 4
pmol/mL to 2 nmol/mL, especially 20 nmol/mL to 500 nmol/mL. An-
other preferred concentration of ODNla can be up to 132 nmol/mL.

Preferably, the KLK peptide and the ODNla oligodeoxynucleo-
tide are present in the compositions according to the present
invention in a molar ratio of 10:1 to 100:1, preferably 20:1 to
50:1, most preferably 25:1.

The nanoparticulate IC31® compositions according to the pre-

sent invention have a significantly reduced particle size (and
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turbidity) compared to the classical IC31® compositions.

The term ‘classical IC31®’ composition as used throughout
the present specification shall mean the IC31® formulations known
in the prior art, especially the known IC31® formulations con-
taining KLK and ODNla in a molar ratio of 25:1, preferably 1000
nmol/mL KLK and 40 nmol/mL ODNla, formulated either in 10 mM
Tris and 135 mM NaCl, or 5 mM phosphate buffer and 135 mM NaCl.
The classical IC31® formulations contain a high salt/ion concen-
tration and are prepared without any energy input step and thus,
have a mean particle size of more than 1 pm, especially about 5
to 50 um.

The turbidity can also be a measure of particle size of an
IC31® composition and can be measured by determination of the
ODssg value on a UV-VIS spectrophotometer. Alternatively, turbid-
ity can be determined by use of a nephelometer and comparing the
sample to standard turbidity solutions. With regard to the meth-
od using a UV-VIS spectrophotometer, a composition with an ODssgg
value equal to or less than 0.2 is filterable through a 0.2 um
filter, which is the industry standard for sterility. The compo-
sitions according to the present invention are readily adjust-
able to such turbidity (0ODssy < 0.2) with the methods disclosed
herein. The composition according to the present invention,
therefore, preferably has an 0ODssy value of equal to or less than
0.2, preferably of equal to or less than 0.1, especially of less
than 0.05.

However, the above description about turbidity only applies
to instances in which turbidity can be reasonably considered as
a correlate to the particle size in a suspension, which is not
necessarily the case. If, for example, the particles in a sus-
pension are very large and immediately precipitate, sedimenting
at the bottom of the container, the ‘supernatant’, i.e. the re-
maining composition, would appear as a clear liquid. In this
case, determination of turbidity of the supernatant would not be
a measure for particle size of the suspension.

For sterile filtration, appropriate viscosity of the mixture

to be filtered is also critical. Viscosity can be measured e.g.
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on a Brookfield DV-E rotation viscometer at 20°C using an LV61
spindle and can be reported as centipoise (¢cP = milliPascal sec-
onds) . Preferred compositions have a viscosity of less than 15
cP. Even more preferred compositions have viscosities of less
than 12 c¢cP or even less than 10 cP.

With the methods according to the present invention, nano-
particulate IC31® compositions are enabled; i.e., compositions in
which the mean particle size is preferably less than 0.2 pm. The
mean particle size according to the present invention is pref-
erably determined by dynamic light scattering (DLS), e.g. using
a Malvern Zetasizer system or a Wyatt Dynapro system. Using
this method, a particle size distribution is generated resulting
in a mean particle size in the nm to um range for the analyzed
sample.

However, the quality of the mean particle size as determined
e.g. by a Malvern Zetasizer system or a Wyatt Dynapro system is
dependent on the particle size distribution, which is a 1list of
values or a mathematical function that defines the relative
amounts of particles present, sorted according to size. The more
homogenous and narrow the particle size distribution is the more
reliable is the determined mean particle size. Usually, the com-
mercially available DLS systems, such as the Malvern Zetasizer
system or a Wyatt Dynapro system, give a value for the gquality
of the determined mean particle size, e.g. a polydispersity in-
dex, or a sum of squares (S0S) error statistic value. The lower
those error values, the more homogenous and narrow is the parti-
cle size distribution, thus, the more reliable is the given mean
particle size. Polydispersity refers to the level of homogeneity
of the sizes of the particles. When the level of homogeneity is
high, the particles can be considered to be virtually identical
in their size, or monodisperse. The level of homogeneity is con-
sidered high when the percent polydispersity is less than 15%.
When the 1level of homogeneity 1is low (percent polydispersity
greater than 30%), the particle population can be considered to
contain significantly different sizes, and 1is referred to as

polydisperse. The polydispersity index from the Cumulants algo-
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rithm is representative of the width of the hypothetical mono-
modal distribution. Accordingly, a large polydispersity index
can indicate either a wide distribution or a multi-modal distri-
bution. However, the optimal particle sgize distribution for de-
termining a valid mean particle size would be a monomodal and
narrow curve describing the particle size distribution, i.e. a
single particle size with a Gaussian distribution.

According to a preferred embodiment of the present inven-
tion, the mean particle size of the nanoparticles in the compo-
sition of the present invention is less than 1 um, preferably
less than 0.8 um, more preferably less than 0.7 pum, even more
preferably less than 0.5 pm, still more preferably less than 0.2
pm, and most preferably less than 0.1 um.

The compositions according to the present invention prefera-
bly contain a suitable buffer system, for example a Tris, a His-
tidine, a carbonate, a bicarbonate, a 2-(N-morpholino) ethane-
sulfonic acid (MES) or a 3-(N-morpholino)propanesulfonic acid
(MOPS) buffer system, especially a Tris, an ammonium bicarbonate
or a Histidine buffer system.

If the composition according to the present invention 1is
provided with a Tris buffer, it preferably contains 1 to 50 mM
Tris, more preferred 2 to 30 mM Tris, especially 5 to 20 mM
Tris, even more preferably 5 to 10 mM Tris. If the composition
according to the present invention is provided with a Histidine
buffer, it preferably contains 1 to 50 mM Histidine, more pre-
ferred 2 to 30 mM Histidine, especially 3 to 20 mM Histidine.

With the present invention, a method for providing nanopar-
ticulate IC31® compositions is provided which applies low salt
and phosphate ion concentrations (as further defined below).
High salt concentrations did not result in stable nanoparticle
formation. Preferred ion concentrations provided in the composi-
tions according to the present invention are therefore in the
range of 1 to 80 mM, 1 to 50 mM, or especially of 5 to 30 mM.
Preferred ions at these low concentrations are Na', K', NH,", Cl17,
C0s””, and HCOj .

Since ions such as Ca’" ions, Mg®’" ions, phosphate ions, ace-
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tate ions or citrate ions, when present at concentrations above
about 1 mM do not allow stable nanoparticle formation, the com-
positions according to the present invention are preferably com-
pletely free of these ions; or contain Ca’" ions, phosphate ions,
citrate ions or acetate ions at concentrations of less than 1
mM.

The nanoparticulate IC31® compositions according to the pre-
sent invention are preferably sterile-filterable and, as such,
are enabled for GMP sterile filtration. This sterile filtration
can be performed, for example, with the aid of different mem-
branes, e.g., PVDF (polyvinyldifluoride), nylon, cellulose ace-
tate or PES (polyethersulfone). Examples of suitable sterile
filters are the VWR sterile syringe filter, Millex GV filter
unit, Pall Acrodisc® syringe filter and the Fluorodyne® II DFL.
Preferably, the present composition is filterable through a 0.2
um sterile filter. Preferred compositions according to the pre-
sent 1invention are indeed provided in a sterile form due to
sterile filtration techniques; 1i.e., they have actually passed
through a sterile filter and preserve their sterility afterwards
due to appropriate measures, such as appropriate sealing of the
containers (e.g. glass vials or syringes) containing the compo-
sitions and/or aseptic techniques for subsequent formulation or
use steps, to prevent contamination.

Another characteristic parameter which can be adjusted in
the compositions according to the present invention is pH. Ac-
cording to a preferred embodiment, the pH of the compositions
according to the present invention is 5.5 to 9.5, more preferred
6 to 9, especially 6 to 7. With the adjustment of pH, other pa-
rameters such as mean particle size and viscosity, can be fine-
tuned to allow optimal processing of the compositions especially
for sterile filtration.

The nanoparticulate IC31® compositions according to the pre-
sent invention can contain IC31® as active ingredient only, e.g.
without any antigen. Such pure adjuvant compositions can be ad-
ministered separately from the actual vaccine containing one or

more antigens. The two or more separate compositions can be ad-
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ministered at the same or different site and/or at the same or
different time; e.g., subsequently in either order. Alterna-
tively, the nanoparticulate IC31° compositions according to the
present invention can be mixed with the antigen(s) or wvaccine
composition, either for storage or directly prior to administer-
ing the mixture to a subject (bed-side mixing).

The most preferred use of IC31%-containing compositions is
in the field of immune stimulation for therapy or prevention,
egspecially as an adjuvant, or an adjuvanted vaccine. Therefore,
the compositions according to the present invention are prefera-
bly compositions for wvaccination, especially for the vaccination
of animal or human subjects. Accordingly, such preferred compo-
sitions contain, in addition to IC31®, at least one antigen,
preferably a polypeptide antigen.

Since IC31® is known for its performance as an adjuvant for
many kinds of antigens, the nature of the antigen is usually not
critical. Therefore, in principle, all relevant antigens may be
included in a vaccine according to the present invention. Since
production of pharmaceuticals for the vaccination of human sub-
jects and/or animals is a major field of application of the na-
noparticle compositions according to the present invention, an-
tigens of human or animal pathogens may be provided as antigens
in the compositions, preferably a CD8' CTL peptide, a CD4" Th
peptide, a polypeptide (or a protein), a glycoprotein, a lipo-
protein, a virus particle, a whole cell or a subunit thereof.
The antigen may be derived from a pathogen such as a wvirus, a
bacterium, a fungus or a parasite. Especially, the antigen is
derived from Influenza virus, Hepatitis A, B or C wvirus (HAV,
HBV, HCV), Human Papilloma virus (HPV), Human Immunodeficiency
virus (HIV), Herpes Simplex wvirus (HSV), Parvovirus B19, Tick
Borne Encephalitis wvirus (TBREV), Dengue virus (DENV), Japanese
Encephalitis wvirus (JEV), West Nile virus (WNV), Yellow Fever
virus (YFV), Cytomegalovirus (CMV), Mycobacterium tuberculosis,
Staphylococcus aureus, Staphylococcus epidermidis, Helicobacter
pylori, Streptococcus pyogenes, Streptococcus agalactiae, Chla-

mydia pneumoniae, Chlamydia trachomatis, Streptococcus pneumo-
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niae, Klebsiella pneumoniae, Neisseria meningitidis, Borrelia
burgdorferi, Borrelia afzelii, Borrelia garinii, Haemophilus in-
fluenzae, Moraxella catarrhalis, Enterococcus faecalis, Entero-
coccus faecium, Escherichia coli, Clostridium difficile, Shig-
ella flexneri, Campylobacter jejuni, Plasmodium falciparum,
Plasmodium vivax, Aspergillus spp. or Candida albicans.

In addition, antigens derived from human or animal cancers
may be provided as antigens in the compositions of the current
invention; for example, a CD8' CTL peptide, a CD4" Th peptide, a
polypeptide, a protein, a glycoprotein, a lipoprotein, a whole
cell or a subunit thereof. Examples of such cancers include
carcinoma, lymphoma, blastoma, sarcoma, and leukemia or lymphoid
malignancies. More particular examples of such cancers include,
but are not limited to, squamous cell cancer (e.g., epithelial
squamous cell cancer), lung cancer including small-cell lung
cancer, non-small cell lung cancer, adenocarcinoma of the lung
and squamous carcinoma of the 1lung, cancer of the peritoneum,
hepatocellular cancer, head and neck cancer, brain cancer, gas-
tric or stomach cancer including gastrointestinal cancer and
gastrointestinal stromal cancer, pancreatic cancer, glioblas-
toma, neuroblastoma, cervical cancer, ovarian cancer, liver can-
cer, bladder cancer, cancer of the urinary tract, hepatocellular
carcinoma, soft-tissue sarcoma, Kaposi's sarcoma, breast cancer,
colon cancer, rectal cancer, colorectal carcinoma (CRC), endo-
metrial or uterine carcinoma, salivary gland carcinoma, kidney
or renal cancer, prostate cancer, vulval cancer, thyroid cancer,
carcinoid carcinoma, anal carcinoma, penile carcinoma, melanoma,
superficial spreading melanoma, lentigo maligna melanoma, acral
lentiginous melanoma, nodular melanoma, multiple myeloma and B-
cell lymphoma; including, but not limited to, low
grade/follicular non-Hodgkin's lymphoma (NHL), small lymphocytic
(SL) NHL, intermediate grade/follicular NHL, intermediate grade
diffuse ©NHL, high grade immunoblastic NHL, high grade lym-
phoblastic NHL, high grade small non-cleaved cell NHL, bulky
disease NHL, mantle cell lymphoma, AIDS-related lymphoma,

Waldenstrom's macroglobulinemia, chronic lymphocytic leukemia
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(CLL), acute lymphoblastic leukemia (ALL), hairy cell leukemia
and chronic myelogenous leukemia.

It is of course possible to adapt known wvaccine formats
(among many others, e.g. WO 97/019169 A, WO 97/030721A, WO
99/020301 A, WO 99/038528 A, WO 02/066621 A, WO 02/059148, WO
2004/024182 A, WO 2005/004910 A, WO 2006/045677 A, WO
2007/121491 A or PCT/EP2009/060271) to the vaccine compositions
according to the present invention by using nanoparticulate IC31°
as an adjuvant. Accordingly, a known vaccine may comprise other
adjuvants, such as, e.g. alum, AS03, AS04, MF59, and could be
combined with the nanoparticulate IC31® compositions according to
the present invention.

Preferably, the composition according to the present inven-
tion contains a buffer solution, preferably Tris, or most pref-
erably Histidine, along with carbohydrates, preferably sucrose.
Sucrose is a non-reducing disaccharide and has been shown to im-
part storage stability to nanoparticulate IC31® solutions and to
improve filterability of nanoparticulate IC31® solutions by mini-
mizing the loss of IC31® materials on filtration membranes. More-
over, carbohydrate excipients such as e.g. sucrose and/or sorbi-
tol can be used (instead of salt ions) to make the final compo-
sitions isotonic, which would be advantageous especially for ad-
ministration to subjects.

Another suitable buffer component is ammonium bicarbonate;
however, due to the potential release of ammonia and carbon di-
oxide gases over time, such compositions might be less stable.

The Histidine buffered compositions result in the smallest
particle sizes (as small as 50 nm to 100 nm); whereas other
buffer systems such as e.g. Tris result in a mean particle size
of about 100 nm or more. The buffer component(s) can be selected
based on the desired pH range of the final composition, e.g. if
the final composition contains one or more antigens, the buffer
system(s) can be selected based on the pH requirements for the
antigen(s) . Thus, the invention provides for an IC31® nanopar-
ticulate composition in that the mean particle size of the com-

plexes comprising the peptide and the oligodeoxynucleotide 1is
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less than 1 um, preferably less than 0.8 um, more preferably
less than 0.7 pm, even more preferably less than 0.5 um, still
more preferably less than 0.2 pm, and most preferably less than
0.1 um.

WFI is also suitable for the IC31® nanoparticulate composi-
tions according to the present invention. However, since WFI
does not comprise any buffering agents, there could be wvaria-
tions in particle size, pH and stability, thus affecting filter-
ability and reproducibility of the compositions.

Furthermore, WFI-based IC31® compositions may require more
energy input to result in the desired nanoparticles compared to
compositions with low ionic strength. Thus, e.g. the time or
temperature of the heating step could be increased accordingly,
and/or a more intense homogenization or sonication step could be
applied, or multiple initial energy input steps could be used to
result in the desired particle size, e.g. a heating step fol-
lowed by a homogenization step and/or a sonication step.

Preferably, the composition according to the present inven-
tion may further comprise a surfactant, such as e.g. Tween 20 or
Tween 80, which reduces the potential loss of IC31® components
onto e.g. the walls of containers or on filtration membranes.

Although the parameters of the compositions disclosed herein
may be combined to encompass all possible permutations of fea-
tures disclosed herein, the following compositions are specifi-
cally preferred due to their performance and handling in the
production process.

A preferred pharmaceutical composition in liquid form com-
prising a peptide with the amino acid sequence KLKLsKLK and an
oligodeoxynucleotide with the nucleic acid sequence (dIdC),3 is

characterized in that

— the peptide is present in a concentration of at least 100
nmol/mL and the oligodeoxynucleotide 1is present in a con-
centration of at least 4 nmol/mL,

— the mean particle size of the IC31® complexes comprising the

peptide and the oligodeoxynucleotide is less than 1 um,

— the sodium ion concentration is from 1 to 25 mM,
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— 1t may contain ca’’ ions, phosphate ions, citrate ions or

acetate ions at concentrations of less than 1 mM,

— 1t contains 1 to 50 mM of Tris buffer with a pH of 6 to 9,
or 1 to 50 mM of Histidine buffer with a pH of 5 to 8,

— optionally, it has a viscosity of less than 15 cP, and

— optionally, it is sterile, preferably by sterile filtra-
tion.

Preferably, the peptide and the oligodeoxynucleotide are
present in the compositions according to the present invention
in a molar ratio of 10:1 to 100:1, preferably 20:1 to 50:1, most
preferably 25:1. A preferred pH range for the Tris buffer is 6
to 8, most preferred 7.0 to 7.5. Optionally, the composition has
an ODggpy value of equal to or less than 0.2.

According to another aspect, the present invention also re-
lates to a method for producing a composition comprising in lig-
uid form a peptide with the amino acid sequence KLKLsKLK and an
oligodeoxynucleotide with the nucleic acid sequence (dIdC)i3,

comprising the following steps:

— providing an agueous mixture of the peptide and the oli-
godeoxynucleotide, wherein the agueous mixture has an ion
concentration of 1 to 80 mM and may contain Ca’" ions, phos-
phate ions, citrate ions or acetate ions at concentrations

of less than 1 mM,

— providing an energy input to the aqueous mixture, prefera-
bly by a heating step to 40°C to 60°C or a homogenization

step or a sonication step, and

— optionally, filtering the aqueous mixture through a sterile

filter.

Preferably, the aqueous mixture is free of Ca’" ions, phos-
phate ionsg, citrate ions or acetate ions.

The present invention further comprises a method for produc-
ing a composition according to the present invention that com-

prises the following steps:

— providing an agueous mixture of the peptide and the oli-

godeoxynucleotide, wherein the agueous mixture has an ion
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concentration of 1 to 80 mM and may contain Ca’" ions, phos-
phate ions, citrate ions or acetate ions at concentrations

of less than 1 mM,

— providing an energy input to the aqueous mixture, prefera-
bly by a heating step to 40°C to 60°C or a homogenization

step or a sonication step,

— optionally, filtering the aqueous mixture, preferably
through a sterile filter to obtain a sterile composition,

and

— finishing the filtered composition to a pharmaceutical com-
position.

Preferably, the aqueous mixture is free of Ca’" ions, phos-
phate ionsg, citrate ions or acetate ions.

Preferably, the aqueous mixture contains a buffer system,
egspecially a Tris, a Histidine, a 2-(N-morpholino) ethanesulfo-
nic acid (MES) or a 3-(N-morpholino) propanesulfonic acid (MOPS)
buffer system, more preferred a Tris, or a Histidine buffer sys-
tem; or a combination of any such buffer systems, especially a
combination of Tris and Histidine buffer systems. Such combina-
tion of two or more buffer systems would be suitable, for exam-
ple, when an antigen formulation buffered in one system is com-
bined with nanoparticulate IC31® buffered in another system.

The filtered or finalized composition can be stored at 2°C
to 8°C, most preferably at room temperature, and stays stable,
especially with respect to the particle sizes. The finalized
composition could be checked regularly for possible increases in
mean particle size especially after longer storage periods using
a standardized light scattering method.

The methods according to the present invention are specifi-
cally suitable for producing adjuvant and/or wvaccine composi-
tions. Accordingly, it is preferred to provide at least one an-
tigen in the aqueous mixture when producing a wvaccine. A Dbed-
side mixing approach as described above is also suitable.

At the end of the production process ac